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Preface
This issue is devoted to the abstracts of the presentations for the Continuing Education Courses and Scientific
Sessions of the 56th Annual Meeting of the Society of Toxicology, held at the Baltimore Convention Center,
Baltimore, Maryland, March 12–16, 2017.
An alphabetical Author Index, cross referencing the corresponding abstract number(s), begins on page 527.
The issue also contains a Keyword Index (by subject or chemical) of all the presentations, beginning on page 549.
The abstracts are reproduced as accepted by the Scientific Program Committee of the Society of Toxicology and
appear in numerical sequence. Author names which are underlined in the author block indicate the author is a
member of the Society of Toxicology. For example, J. Smith.
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A. Varela. Charles River Laboratories, Senneville, QC, Canada.
Advanced in vivo imaging techniques such as magnetic resonance,
and nuclear and tomographic imaging are the gold standard in several
areas of clinical medicine for diagnosis and guided therapy, and play an
increasing role in clinical trials, being an integral part of the drug development process. Imaging sciences have known an incredible development during the last decades, and many techniques, such as MRI, PET,
SPECT, and X-ray-computed tomography, have become indispensable.
The applications of in vivo translational imaging are now extending
further into drug discovery and development, and have the potential to
considerably accelerate the process, reduce the cost, significantly affect
the drug development process, and comply with the 3R. It is important
to understand the technologies and their applications and limitations.
Imaging technology includes a range of modalities such as magnetic
resonance imaging (MRI), positron emission tomography (PET), single
photon emission computed tomography (SPECT), computed tomography (CT), in vivo optical imaging, and ultrasound. These noninvasive
and quantitative techniques provide not only anatomical evaluation but
also functional and molecular information that can access the mechanisms of drug action or its toxicity. The future trends will certainly be
in multimodality imaging, combining high sensitivity and molecular
techniques with high spatial resolution and morphological techniques.
Imaging stands out as one of the most promising translational techniques that can significantly improve decision-making in early phase,
to kill compounds that are destined to fail in later phase, and the go/
no go decisions can be made earlier based on pertinent information.
Imaging technologies can improve the drug development process, not
only with the development of safer and effective drugs but also with
reducing timelines. Better prediction of toxicology in an earlier stage will
certainly limit the large contribution of drug failure for adverse effect in
later stage development. Although, imaging has not yet a major place in
safety pharmacology and toxicology studies, several applications exist in
cardiovascular, neurology, teratology, and reproductive toxicity. Same
technologies and the same physiological and pathological parameters
can be quantified for both pharmacology and toxicology applications,
confirming the role of in vivo imaging as a translational biomarker for
both efficacy and safety assessment. This overview provides the opportunity to review fundamentals of molecular imaging, review important
applications of imaging in different therapeutics areas, opportunities for
decision-making in preclinical phase and challenges of GLP validation,
and to actually integrate imaging approaches into safety assessment in
drug development.

1002 AM02 Adding Up Chemicals: Component-Based
Risk Assessment of Chemical Mixtures

J. E. Simmons. US EPA, Research Triangle Park, NC.
Component-based methods, while least preferred, are most frequently
used to conduct mixtures risk assessments (RA), needing only toxicological information on the individual chemicals or pairs. Inherent in component-based methods are assumptions regarding: toxicological similarity
(e.g., dose addition) or independent action; the likelihood or relevance
of nonadditive interactions; and the appropriate combined action
model. This course covers underlying concepts, inherent assumptions,
and uncertainties for mixture assessments. Topics include: guidance
from regulatory and advisory bodies for component-based mixtures RA;
empirical support and biological understanding for concepts of toxicological similarity and independence; existing and emerging methods,
such as grouping chemicals for mixtures RA; influence of study design
and data analysis on choice of a combined action model; uncertainties from extrapolation of models to untested dose ranges; conceptual
differences of individual risk vs population fraction; consequences of
forcing effect measures into a pseudo-risk construct; a rubric of criteria
for evaluating usefulness of existing interaction studies; and approaches
for reducing the uncertainty of, or incorporating nonadditive interactions into, the RA. Three types of component-based methods are considered, based on: toxicological similarity, independent action, and
more complex and hybrid concepts. Step-by-step case studies with different mixtures allow the attendee to work through examples with the
instructor. A case study is presented that includes toxicological experimentation and environmental RA for an intentional defined mixture of
insecticidal proteins that have been commercialized to enhance efficacy
against agricultural pests and combat insect resistance by targeting
multiple modes of action. The course will help those who conduct component-based mixtures RA for occupational health and safety, product
safety, public health protection, or regulatory decision-making and will
appeal to toxicologists who conduct component-based mixtures experiments. Attendees will be equipped to use component-based mixture
RA methods and understand their assumptions, advantages, and limitations.

1003 AM03 Current Principles for Nonclinical

Chronic Toxicity/Carcinogenicity Testing of
Environmental Chemicals

K. Ryan. NIEHS, Durham, NC.
Chronic toxicity and carcinogenicity testing in rodents is considered the
“gold-standard” approach for identifying potential hazards of chemicals and is necessary to inform risk assessment or risk management. The
objectives of this course are to provide the basic tools for toxicologists
who desire a better understanding of how to assess chemical-related
toxicity associated with chronic exposure and subsequent potential
risk(s) to humans. The course will begin with an overview of the current
practices for conducting chronic toxicity and carcinogenicity studies
and provide examples for how integrated testing strategies may aid
in refinement of study design/conduct. The next presentation of this
course will focus on evaluating rodent pathology in long-term toxicity
studies (i.e., what to expect, pathology peer review, and differentiating
between age-related or strain-specific findings and chemical-mediated
toxicity). Next, an overview of the regulatory requirements for chronic
toxicity/carcinogenicity studies will be presented with a discussion of
how data inform regulatory decisions with a focus on environmental
chemicals. The final presentation in this course will highlight recent
advances in identifying and classifying carcinogens, with an emphasis
on the development and application of novel approaches and highthroughput data streams in human health hazard assessments. The
expected audience includes toxicologists who work in regulated
product development (e.g., chemical industries), scientists who may be
responsible for monitoring or directing contracted chronic toxicity/carcinogenicity studies, as well as regulators of chemicals in commerce or
environmental contaminants.

1004 AM04 Navigating Drug-Induced Vascular Injury

in Preclinical and Clinical Development of Novel
Therapeutics

H. Wang. Genentech, South San Francisco, CA.
Drug induced vascular injury (DIVI) can cause significant delays in or
even halt the development of promising new drugs due to the uncertainty in the predictivity of preclinical findings to humans and the lack
of validated safety biomarkers for DIVI. Increasing numbers of cross-industry collaboration to explore and validate novel safety biomarkers
and imaging technologies are being carried out in preclinical and clinical studies to better enable the development of novel drugs associated
with DIVI. When encountering DIVI in preclinical studies, it is important
that the toxicologists and pathologists work together to understand the
mechanisms, species translatability, and to engage early discussions
with the clinicians and Regulatory Agencies to evaluate potential path
forward. This CE course is dedicated to provide a systematic training
on DIVI. The first presenter will provide an overview on the different
mechanisms of DIVI, pathology lesions, clinical manifestation, different
tools and novel safety biomarkers available to investigate DIVI, and
regulatory consideration. The second and the third presenters will use
case examples to discuss common mechanisms of pharmaceuticalsand biotherapeutics-induced DIVI, respectively. Presenters will illustrate
common tools and novel technologies that can be used to investigate
the mechanisms and preclinical to clinical translation, how to use these
data to inform go/no-go decisions, and to support clinical development
and registration. Lastly, the final speaker will utilize a fun, interactive
working session to challenge the audience to solve DIVI findings realtime, and to engage the audience to consider alternative strategies to
enable the development of novel safe and efficacious drugs. The course
will be wrapped up with pragmatic points for considerations for the
toxicologists when DIVI is observed in preclinical studies.

1005 AM05 New Concepts and Technologies in Metals
Toxicology

W. Zheng. Purdue University, West Lafayette, IN.
Metals have provided unique challenges to toxicologists because of difficulties in methods of their detection, limited understanding of their
mechanisms of action, means of medical intervention, and the connections between human health, animal health, and the ecosystem. A recent
incident of drinking water lead exposure in Flint, Michigan bespeaks the
social, economic, and ethnic impacts of metal toxicity in general populations. This basic course is intended to introduce the audience with
the novel concepts and technologies in metal toxicological research,
from mechanistic interpretation to therapeutic intervention, and from
innovative technologies in diagnosis and quantification of metal body
burden to the concept of “One Health” that integrates ecology, animal
health, and human health as a whole system. The Introduction will
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1001 SR01 Molecular Imaging for Toxicologists

briefly review the current state of metal-induced toxicities due to worldwide environmental and occupational exposure and state the purposes
of this course (Dr. Zheng). The first lecture will introduce the integrative
concept of “One Health” that embraces the factors from ecology and
the environment to animal and human susceptibility to interpret metal
toxicity (Dr. Wise). The second lecture will further extend the concept by
providing a concise overview of general disposition (e.g., absorption)
and mechanisms of metal toxicity (e.g., direct interaction with functional
groups of critical proteins, generation of reactive oxygen species, and
alteration of cell signaling pathway) and the integrating these factors on
the impact of metals on epigenetics and cancer stem cells (Dr. Hughes).
The third lecture will provide an overview of advanced medical imaging
modalities such as MRI/MRS, PET, and XRF and their applications. The
speaker will use manganese (Mn) as an example to showcase how
imaging can be used for early diagnosis of metal toxicities and monitoring of disease progression and therapy (Dr. Dydak). The final lecture
will discuss new concepts in clinical treatment of metal toxicities within
and beyond the traditional chelation therapy (Dr. Smith). Speakers will
discuss these concepts and technologies in the context of metal toxicology with details specific to metals having particular human environmental health relevance, such as lead (Pb), manganese (Mn), cadmium
(Cd), arsenic (As) and mercury (Hg). The course will benefit those who
desire knowledge on novel mechanistic interpretation of metal toxicities, theories on metal toxicity treatment and intervention, and technical
approaches in utilizing widely available imaging technologies that can
be used to support research in metal toxicology. As the course introduces concepts and techniques that are equally applicable to other
fields, researchers engaged in wider aspects of metal toxicology, such as
neurotoxicology, nanotoxicology, carcinogenesis, risk assessment, and
occupational health will benefit by attending this course.

1006 AM06 Reproductive Toxicity: Challenges and

Practical Approaches to Determine Risk in Drug
Development

J. Moffit. Alnylam Pharmaceuticals, Cambridge, MA.
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The goal of this course is intended to provide an overview of reproductive biology, typical mechanisms of toxicity, and provide a path forward
to critically evaluate reproductive liabilities for risk/benefit in humans.
This course is primarily intended for toxicologists who encounter reproductive toxicity in a drug development setting, but these tools and
approaches are equally applicable to assessing consumer products or
environmental chemicals. Reproductive toxicity is a major source of
compound attrition, representing one of the most difficult toxicities to
predict or monitor in humans. The broad description of reproductive
toxicity can arise from direct adverse effects on specific reproductive
cell types, perturbations in hormonal signaling cascades, or toxicities
that may only become evident from adverse effects on the conceptus.
Mechanistic insight into reproductive toxicities is often difficult to ascertain, as reproductive tracts are exceedingly complex with many biological unknowns and species-specific differences in biology or maturation.
The first two presentations will focus on male and female reproductive toxicity, respectively. These sessions will cover basic reproductive
biology, typical types of reproductive toxicity findings, and case studies
that provide real-world approaches to developing decision making criteria for evaluating reproductive liabilities. The third talk will describe
various in vitro techniques to profile early development candidates for
reproductive liabilities or mechanistically investigate toxicities identified
in vivo. A final presentation will cover the unique ways in which biologics
can cause reproductive toxicities and alternative approaches to investigating these modalities, which differ from small molecules. In summary,
this course will give attendees an appreciation for the complexities
of reproductive biology, challenges associated with understanding
the mechanistic basis of reproductive findings, and provide practical
approaches to determining the risk/benefit relationship of these reproductive toxicities.

1007 AM07 Technologies and Applications of Stem
Cells for Use in Toxicology

E. Tokar. NIEHS, Durham, NC.
Stem cells (SCs) biology has been one of the most active areas of
research over the last decade. Advances in SC technology are providing
exciting opportunities for in vitro modeling in a physiologically-relevant
environment that is both consistent and replicable. Indeed, SCs are
revolutionizing toxicological research and continue to be an area with
tremendous potential for areas including toxicity screening, drug development, and disease pathogenesis. In order to remain at the forefront
of these important areas of research, toxicologists must continue to
learn and integrate these cutting-edge technologies and applications of
SCs into their research. In this course, speakers representing academia,

government, and industry will provide diverse viewpoints on the use
of SCs in toxicology in both broad and specific contexts. Technologies
and potential applications for assorted types of stem cell models (i.e.
embryonic, induced pluripotent, multipotent, cancer stem cells, etc.)
for various research purposes, including disease modeling, regenerative therapies, drug discovery, and toxicity testing will be described. The
first speaker, Dr. Tokar, will provide an updated summary of available
SC technology platforms and current protocols. The second speaker,
Dr. Moore, will provide examples of how SC resources can be sourced
or generated for studies with specific emphasis on genome modifying
technology. The third speaker, Dr. Bowman, will provide specific examples of how SC models enable gene x environment interaction and
translational environmental health studies with special emphasis the
potential for clinical applications. The final speaker, Dr. Kolaja, will close
out the session with new microphysiological applications of SC platforms for safety assessment. Overall, this important and timely course
will highlight the history, nomenclature, properties, regulation, and derivation of SCs, and the key roles these cells play in the genesis of various
human diseases.

1008 PM08 Detecting Cancer Risk in Drugs: Design,

Conduct, and Interpretation of Carcinogenicity
Studies for Regulatory Approvals

O. McMaster. US FDA/CDER, Silver Spring, MD.
Evaluation of the carcinogenic potential of therapeutic agents is a very
complex, multi-step process which is conducted only for drugs which
meet certain criteria. Recently, ICH has issued a regulatory notice document regarding proposed changes to rodent carcinogenicity testing of
pharmaceuticals. This course is designed to provide an overview of the
practical aspects of the design, conduct, and interpretation of the US
FDA-required carcinogenicity assessments. This course will be useful for
students and investigators who have not had recent, hands-on experience conducting such studies, or who would like to update their knowledge of recent advancements in carcinogenicity assessment. The first
talk will provide an overview of the current procedures for evaluating
the potential carcinogenicity of a drug to be marketed in the US. The
second talk will detail the planning, conduct, and interpretation of the
two-year rat carcinogenicity study, the cornerstone of many carcinogenicity assessments. The third talk will detail the planning, conduct,
and interpretation of studies using the TgrasH2 mouse model to assess
cancer risk. The TgrasH2 has become the most widely used alternative
to the two-year mouse carcinogenicity study. This talk will also include
a discussion of other alternatives to the two-year bioassay and will end
with a case study of a TgrasH2 study. The fourth talk will go into the
review of the carcinogenicity assessments from the perspective of an
US FDA reviewer. This reviewer will describe the point of view of the
Pharmacology/Toxicology review, the review division, and that of
CDER’s Executive Carcinogenicity Assessment Committee. The fifth talk
will discuss an initiative by the ICH S1 Expert Working Group to assess
the feasibility of a weight-of-evidence approach as a possible future
option for the carcinogenicity testing of pharmaceuticals.

1009 PM09 Developmental and Reproductive

Toxicology (DART) and Risk Assessment of
Environmental Chemicals: Applications,
Complexities, and Novel Approaches

H. Lynch. Gradient, Cambridge, MA.
The potential for developmental and reproductive toxicity (DART) is a
unique and critical consideration for product safety as well as for the
derivation of environmental health criteria and occupational exposure
levels (OELs) for chemicals. The establishment of safe levels of exposure that protect against DART effects remains a major challenge, due
to factors such as the complexity of human reproductive and developmental processes, unique routes of exposure (e.g., breast milk), sensitive
subpopulations (e.g., the fetus and pregnant women), and short duration windows of susceptibility (e.g., the period of organogenesis). The
goal of this course is to provide the participant with an introduction to
traditional and emerging DART assessment approaches, with a focus on
their practical application in safety assessment and policy-making. The
first presentation will provide an overview of the biology of the mammalian reproductive system and prenatal/early life development, focusing
on physiological and timing-specific vulnerabilities of critical importance to risk assessment (RA). The second presentation will describe
standard testing protocols for DART and provide information regarding
requirements for industry. The third presentation will expand beyond
traditional experimental approaches to assays designed to elucidate the
mechanistic aspects of DART effects, including novel in vitro assays, and
will discuss key considerations in the interpretation of the biological
relevance of DART effects. The fourth presentation will then review the

1010 PM10 Emerging Approaches in Genetic
Toxicology for Product Development

J. C. Bemis. Litron Laboratories, Rochester, NY.
Genetic toxicology is a well-established part of safety testing for product
development. Recent advances in methods and technologies, as well
as the emergence of new challenges for product development, are
changing the type of data that are generated and the way that genetic
toxicology data are utilized. The intention of the proposed continuing
education session is to highlight the development and application of
novel methods and approaches that have the potential to improve
well-established safety studies and risk assessment. The focus will be
on in vitro/in vivo systems and computational approaches which can be
used to support and enhance data required for regulatory submissions
and improve human health risk assessment. The topics covered will
be of interest to both genetic toxicology experts, as well as other toxicologists who want to learn about emerging developments in genetic
toxicology testing, risk assessment approaches, and how they can be
utilized to make informed decisions. The course content also will speak
to the importance of in vitro studies in addressing 3R’s initiatives and
their increasing role in genetox testing and human risk assessment. It is
worth noting that the Course Chair, Jeff Bemis, chaired a similar SOT CE
course back in 2011 covering new technologies in genetic toxicology.
This will provide an opportunity to revisit some of the forward-looking
statements made in that course and where genetic toxicology actually is six years later. Overall, the CE course will deliver comprehensive
information on new technologies along with practical examples, so
attendees will come away with an understanding of how state-of-the-art
approaches can be integrated to benefit their product development
activities.

1011 PM11 Extrapolation in the Airways: Strategies

to Incorporate In Vivo and In Vitro Data to Better
Protect Human Health

M. C. Fortin. Colgate-Palmolive, Piscataway, NJ.
The science of safety and risk assessment relies primarily upon the use
of data generated with in vivo or in vitro models that significantly differ
physiologically from humans. While tremendous leaps have been made
in the extrapolation of animal-to-human data for the oral route of exposure, significant gaps remain with respect to the inhalation route. The
intrinsic differences between animals and humans are such that even
dosimetry is complicated by the intrinsic differences between humans
and other animals with respect to anatomy, breathing rate, depth of
deposition, gas exchange capacity, and in situ metabolism. While a
variety of assumptions are routinely used to provide rough estimates
and a greater level of understanding is necessary to ensure that risk is
not underestimated. In recent years, financial and ethical concerns have
driven substantial efforts to substitute in vitro approaches for animal
models; however, this transition comes with greater challenges in developing scientifically sound extrapolations for risk assessment. The fluid
mechanics and cellular diversity within the airways has made it difficult
to model, and it has become increasingly more difficult for safety and
risk assessors to perform their evaluations with a high degree of confidence because they lack robust extrapolation strategies. The aim of
this advanced CE Course is to review the critical differences between
humans and common surrogate species and explain approaches to
strengthen safety evaluation and risk assessment by integrating complementary in vitro data and leveraging novel in vitro models when in
vivo data is not available. While alternative airway models have been
previously described, this session will focus on the extrapolation from
these models to inform risk assessment. Consideration will be given to
gas/vapor and particulate/droplets to provide the breadth necessary to
address the different types of exposure that can occur via inhalation and
strategies to incorporate the outcomes of alternative testing methods
into risk assessment will be presented. By the end of this advanced CE
Course, attendees will have a better understanding of how to integrate
and utilize in vitro and in vivo data to support the safety evaluation of
their products, or for the risk assessment of environmental and occupational exposures that occur via the inhalation route.

1012 PM12 Health-Based Limits for Toxicological Risk

Assessment: Setting Acceptable Daily Exposures
for Pharmaceutical and Chemical Safety

P. A. Weideman. Genentech, Inc., South San Francisco, CA.
Health-based exposure limits (HBELs) have been used for many years to
assure safety or assess risks from potential adverse health-related effects
arising from exposures to xenobiotics. Acceptable Daily Exposure (ADE)
and Permitted Daily Exposure (PDE) are terms referencing assessments
that can be considered as the bases for a variety of health-based assessments associated with the development and manufacture of chemicals
and pharmaceuticals, industrial and specialty chemicals, consumer products, and other environmental contaminants, including active ingredients and products, process/product impurities, chemical intermediates,
extractables, and leachables. ADEs/PDEs have similar overall intent and
definition as other HBELs and may also have regulatory implications.
Generally the numerous specific HBELs, including ADEs, are based on
robust hazard assessments that can be used as the basis for subsequent
risk assessments for a variety of situations, including further derivation
of occupational exposure limits (OELs) to protect workers who manufacture or process chemicals and pharmaceuticals and the derivation of
limits for cleaning validation processes. As an example, the transition to
the use of HBELs (i.e. ADEs) to protect product quality of pharmaceuticals has gained industry and regulatory interest and created much effort
in the implementation of HBEL concepts on a large scale. In addition,
recent regulatory scrutiny and international guidances have focused
attention on prevention of cross-contamination in equipment or facilities for which HBELs and industrial hygiene principles have significant
impact. Various traditional default approaches (e.g. 10 ppm) have been
used historically to manage cross-contamination issues and good manufacturing procedures (GMPs); however, these default approaches have
not been based on current health-based risk assessment methods. In
contrast to the default approaches, derivation of ADEs includes the use
of robust datasets such as those in the pharmaceutical industry. These
datasets are generally more complete than those for chemical manufacturing and often include information about mechanism of action, pharmaco- and toxico-dynamics and kinetics, bioavailability, and application of appropriate adjustment factors to better inform hazard and risk
decisions. Although toxicological information about industrial chemicals may not be based on human experience and the datasets are constructed differently, these data often offer additional information based
on use and experience that are not available for pharmaceuticals. Use
of data and methods parallels many aspects of the evolving methods
in deriving HBELs for either industrial chemicals or pharmaceuticals.
Although ADEs are a step toward better informed science- and health
risk-based decisions, the methods used to derive ADEs are complex
and are not harmonized among various regulatory constituencies and
practitioners. The unique aspects of ADE derivation and application
will be highlighted. Using pharmaceuticals as the example, this session
will provide background and tools for toxicologists and regulators to
better understand the basis, derivation, and application of these unique
assessments for protection of human safety as an attempt to provide
more consistency in approach and outcomes.

1013 PM13 Read-Across: Case Studies, New

Techniques, and Guidelines for Practical
Application

K. Sullivan. Physicians Committee for Responsible Medicine,
Oakland, CA.
The relationship between structure and activity has been exploited in
the hazard characterization of chemicals for several decades, including
specifically the practice of “reading across” or applying toxicity data
from one or more chemicals to another with a similar structure to fill
a data gap. Read-across is currently a useful strategy to increase our
understanding of chemical hazard without de novo testing. However,
expertise, application, and acceptance of the results of a particular read
across vary within and among organizations and geographical regions.
There are a number of reasons for this, including regulatory or legislative drivers, an increasing motivation to expand the use of non-testing
strategies, and minimal consensus around how to weigh evidence and
address and express uncertainty. Recently, multiple stakeholder organizations have contributed to active and robust discussions on read
across in a variety of venues in an effort to build consensus around
these issues. This course will update participants on those efforts and
provide practical guidance for conducting read-across for regulatory
use, including across different regulatory regions. Speakers will present
experience-driven case studies to share best practices and communicate the state-of the-art for structure-based read-across, while looking
ahead at how results from New Approach Methodologies including in
vitro, “’omics,” and high throughput/content methods may be incorporated into a read across to improve its outcome.
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application of DART data to human health risk assessment of environmental chemicals, focusing on the consideration of these data in the
derivation of toxicity criteria by US agencies. The final presentation will
demonstrate the use of DART RA in industry, describing several practical
screening approaches for assessing the potential for DART effects in the
workplace. This course will be of broad interest to testing laboratories,
general toxicologists, risk assessors, risk managers, industrial hygienists,
and others seeking a better understanding of how DART data are generated and applied in hazard and risk assessment.

1014 Early-Life Inorganic Arsenic Exposures and Laterin-Life Effects

J. Lee. US EPA, Research Triangle Park, NC.
Arsenic (As) contamination from geologic, anthropogenic, and food
origins is an increasing concern for the US and globally. There is
increasing evidence that early life exposure to As affects fetal and child
health, as well as development and health later in life. In addition to
developmental neurotoxicity, there is evidence that other organs and
functions may be susceptible during development after exposure to As.
This symposium will highlight the current state of research of As and
its role in life stage susceptibility. Discussions will include how early life
exposure to As increases the risk of mortality, neurocognitive impairment, altered immune function, and adverse pregnancy outcomes. A
putative adverse outcome pathway (AOP) for developmental effects
and the impact of As on the proposed key events will be discussed. The
session also will attempt to address the mechanism of actions (MOA) by
which As could induce or exacerbate these disease endpoints during a
critical window of susceptibility. The US EPA Integrated Risk Assessment
System (IRIS) is currently developing a new inorganic As assessment that
considers life stage susceptibility. Disclaimer: The views expressed are
those of the authors and do not necessarily represent the views or policies
of the US EPA.

1015 Mortality Associated with Early Life Exposure to
Arsenic

C. Steinmaus. California Environmental Protection Agency,
Berkeley, CA. Sponsor: J. Lee.
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Two unique exposure scenarios have allowed for the assessment
of long-term impacts of in utero or early-life arsenic exposure. In the
largest city in northern Chile, Antofagasta (2012 population, 359,353),
a distinct period of high exposure began in 1958 when two rivers with
arsenic concentrations near 860 µg/L were diverted to the city to be
used for drinking, and ended in 1970 when an arsenic treatment plant
was installed. Because there was no other water source, everyone was
exposed. Ecologic investigations up to the year 2000 in people who
were born during or just before this exposure period have identified
high mortality from lung cancer [standardized mortality ratio (SMR)
= 7.0; 95% CI, 5.9-8.2), bladder cancer (SMR = 18.1; 95% CI, 11.3-27.4),
bronchiectasis (SMR = 18.4; 95% CI, 10.3-30.4), acute myocardial infarction (SMR = 2.1; 95% CI, 1.8-2.5), laryngeal cancer (SMR = 8.1; 95% CI,
3.5-16.0), and chronic renal disease (SMR = 2.0; 95% CI, 1.5-2.8)]. Findings
were such that these exposures appear to have resulted in the greatest
increases in mortality in younger adults ever associated with early-life
environmental exposure. Subsequent follow-up using non-ecologic
data provided evidence that confounding by smoking or other factors
did not cause these results. More recent findings suggest these high
risks have continued up to 2010, the latest year assessed, almost 40
years after the high exposures ended, and >50 years after they began. In
western Japan, a mass poisoning occurred in 1955 in infants fed arsenic
contaminated milk, leading to more than 100 deaths. The source was
an arsenic contaminated stabilizer used to preserve constant acidity in
the milk. Estimated exposures were 4-7 mg/L. In analyses up to 2008,
increases were reported in mortality from total cancer; liver, pancreas,
and hematopoietic cancer; and nervous system diseases. Data on potential confounders were not available. Overall, the results of these studies
highlight the potential impact of early-life arsenic exposure on adult
disease mortality.

of these studies has examined concurrent measures of water or urine
As and the outcome of interest. We recently completed field work of a
unique study of 780 adolescents (15-17 years old) whose mothers are
participants in the Health Effects of Arsenic Longitudinal Study (HEALS).
Based on mothers’ WAs, measured five times from since 2000, we were
able to define four groups of adolescents with varying levels and patterns of exposure to As. Defined on the basis of WAs levels, four groups
include adolescents with exposures that are: Group 1) consistently low
(mean WAs = 3 ppb); Group 2) consistently moderate (mean WAs = 26
ppb); Group 3) consistently high (mean WAs = 146 ppb); and Group 4)
high from conception through roughly age one (mean WAs = 201 ppb)
but much lower thereafter (mean WAs =13 ppb). This study expands
our earlier work on As and neuropsychologic outcomes by considering
components of Executive Function (planning, sustained attention,
working memory) that have been mapped to brain regions thought to
be affected by exposure to As. The findings of this study promise to shed
light on the consequences of early life exposure to As on neurocognitive
function in adolescence.

1017 Long-Term Effects of Early-Life Arsenic Exposure
on Immunity and Disease Risk

F. Sillé, D. K. Nomura, C. M. Steinmaus, A. H. Smith, and M. T. Smith.
University of California Berkeley, Berkeley, CA.
The carcinogen arsenic, to which millions of people are exposed in
the US and worldwide through contaminated water and food, induces
multiple cancers and other chronic immune-related diseases. In Chile,
our research group found that prenatal and early-life exposure is associated with substantial increases in adult mortality risk from cancer,
bronchiectasis, and tuberculosis (TB), compared to later-life exposures.
This provides rare human evidence in support of the “Developmental
Origins of Health and Disease” (DOHaD) hypothesis. Our observations
suggest that arsenic impacts critical processes that occur in early life,
such as the developing immune system. Subsequent immune imbalance may then lead to increased disease risk. However, little is known
about how early-life exposures impact the susceptibility of the immune
system to functional alterations later in life. In our studies, we aim to
understand how early-life arsenic exposure cause permanent alterations
in the development, epigenetic programming, and function of the
immune system, increasing the risk of disease in later life. As part of our
studies, we focus on macrophages, innate immune cells known to influence tumor progression and TB pathogenesis. We assessed the effects
of different in vitro doses of inorganic arsenic and arsenic metabolites
on cultured macrophages. Multiplexed cytokine/chemokine profile
analysis on homeostatic and activated macrophages revealed significant dose- and time-dependent expression changes. Several of these
cytokines/chemokines are involved in pattern recognition receptor
pathways that are critical for the innate immune response against TB.
Metabolomics analysis of these macrophages showed that arsenic also
led to changes in pro-inflammatory and tumor-promoting signaling
lipids. Correspondingly, we have observed metabolic and immunogenic
alterations in arsenic exposed mice, as well as effects on TB pathogenicity in vivo. We are currently validating our findings in human samples.
Preliminary analysis of plasma samples from early-life arsenic exposed
adults suggests the involvement of macrophages in the observed
changes in immune signaling profiles. Together our data elucidates how
arsenic influences infectious disease risk in exposed populations.

1018 Adverse Pregnancy Outcomes Associated with
Arsenic Exposure

1016 Neurocognitive Impairment Due to Early Life
Arsenic Exposure

J. Graziano. Columbia University Mailman School of Public Health,
New York, NY.
Over the past decade, we and others have become increasingly aware of
the impact of exposure to water arsenic in drinking water on the development of children’s intellectual functioning. In our earlier work with 6and 10-year olds, after adjustment for social factors related to intellectual
function, water arsenic concentration (WAs) was significantly negatively
related to WPPSI-III and WISC-III scores, respectively. We also reported
comparable findings in a population of elementary school children in
Maine, US. In West Bengal, and in two studies of children residing near
metallurgic complexes in Mexico, urinary arsenic concentrations were
negatively related to some subtests in earlier WISC versions. In addition,
in a small study relating hair levels of various metals to US children’s
intelligence, As concentration in hair was associated with poorer verbal
learning and memory scores. Finally, in a large study in Bangladesh, at
age 5 years, both Full Scale IQ (FSIQ) and Verbal intelligence assessed
on the WPPSI-III were negatively associated with WAs exposure. Each

M. Karagas. Geisel School of Medicine at Dartmouth, Lebanon, NH.
Sponsor: J. Lee.
Emerging evidence suggests that arsenic exposure during pregnancy
and early life may adversely impact the health of mothers and newborns.
However, relatively little data is available, particularly among populations with low levels of exposure such as occur widely in the US and elsewhere. Since 2009, we have been enrolling pregnant women who used
a private well at their home from prenatal clinics in New Hampshire,
where levels of arsenic above the 10 ug/L US EPA maximum contaminant
level have been detected. To date, we have enlisted over 1,500 maternal-infant pairs and are evaluating the relation between arsenic exposure during pregnancy and maternal outcomes such as blood pressure
and glucose control. Our findings suggest that higher concentrations of
arsenic are related to greater increases in blood pressure during pregnancy, with a 0.15 mmHg increase per month in systolic blood pressure
with every 5 ug/L increase in maternal urinary arsenic (p<0.02). Findings
from our cohort as well as others also suggest that arsenic may impact
risk of gestational diabetes. Further analyses include the assessment of
cardiovascular markers both among mothers during pregnancy and in
newborns, such as soluble intercellular adhesion molecule-1 (sICAM-1)

1019 Building AOPs for Arsenic-Induced

Developmental Outcomes for Improved Risk
Assessment

R. Fry. University of North Carolina Chapel Hill, Chapel Hill, NC.
This presentation will detail the development of Adverse Outcome
Pathways (AOPs) as they relate to inorganic arsenic exposure in pregnant women and the health of their offspring. In 2012, the Organisation
for Economic Co-operation and Development (OECD) launched a new
program on the development of AOPs. Here we describe the ongoing
research that represents an academic-government partnership to
develop AOPs as they relate to infant outcomes. These outcomes include
lower birthweight, preterm birth and fetal growth restriction and relevant to early life exposure to inorganic arsenic. A molecular initiating
event (MIE) for these adverse outcomes is the generation of reactive
oxygen species. Other key events include inflammation, DNA damage
and epigenetic modifications, and subsequent transcription related
to critical placental and fetal growth-related genes. Linkages across
varying levels of biological organization (e.g. molecular, cellular, tissue,
organ and organism) will be discussed. AOPs serve a role as a mechanism to integrate mechanistic toxicological data into the risk assessment
process in relationship to diverse chemicals in the environment, and are
highly relevant to the current EPA risk assessment of inorganic arsenic.

1020 Organs-on-a-Chip, Tissue Bioprinting, and 3D

Cultures: Next Generation Models for Toxicology
in the 21st Century

S. D. McCullough. US EPA, Research Triangle Park, NC.
Toxicity testing is a cornerstone for risk assessment in applications
ranging from product development to the regulation of environmental
pollutants; however, the vast majority of toxicity data have been collected in animal models. While the extrapolation of toxicity data from
animal models to humans is imperfect due to differences in anatomy
and physiology, these traditional models are used because they represent whole-organism biology that is not well replicated by in vitro
methods. In recent years, concerns over high cost, long study duration, and ethical considerations have led to increasing pressure to
Replace, Reduce, and Refine the use of animal models in toxicity testing.
Institution of the “Three Rs” has propelled the use of in vitro systems to
characterize the cellular and molecular mechanisms underlying biological changes associated with toxicant exposure. While cell lines have
been the workhorses of in vitro toxicology studies for decades, their
utility comes at the cost of concerns about their ability to reliably mirror
the responses of their in vivo counterparts. The increased availability of
primary cells and the ability to generate induced pluripotent stem cells
(iPSC) has opened the door to the development of the next generation
of in vitro models. The combination of these newly available cell types
and advances in cell culture methods has led to the establishment of
three-dimensional organoids, bioprinted tissues, and microphysiological systems (“organs-on-a-chip”) that all have great potential to revolutionize the role of in vitro models in toxicity testing. By incorporating
features that are absent from current cell culture models, such as cellcell interactions, three-dimensional architecture, and mechanophysiological cues, these systems provide greater physiological relevance for
the future of molecular, mechanistic, and high-throughput toxicology
studies. By incorporating these aspects of the native environment within
parent tissues, these next generation in vitro systems have the potential to reduce the reliance on animal models by dramatically increasing
the relevance of in vitro models in toxicology research. The goal of this
workshop is to examine applications of next generation in vitro models
in molecular and mechanistic toxicology studies. To achieve this, the
experts will discuss the development of these models and their current
use in toxicity studies. The session will answer questions such as: What
are the benefits and challenges facing the use of next generation in vitro
models in toxicology research? Can iPSC-derived mini-brains effectively
model neurotoxicity in pesticide exposures? How can heart-on-a-chip

and 3D bioprinted liver tissue be used as screening tools for the toxicity of pharmacologic agents? Does the incorporation of multicellular
architecture and mechanophysiological cues impact toxicity of tobacco
and e-cigarette exposures in vitro? What are the perspectives from government and industry on the integration of these models in toxicology
and drug discovery research? Following the session attendees will have
a better understanding for the benefits, challenges, and applications of
next generation in vitro models, and how both government and industry
envision their role in the future of toxicity testing.

1021 21st Century Cell Culture for 21st Century
Toxicology

T. Hartung. Johns Hopkins University, Baltimore, MD.
Human cell culture has too long depended on surgical left-overs or
tumor cells pampered in vitro, both of them looking in the culture dish
like pan-fried eggs “sunny side up.” These cultures prone to genetic
instability and dedifferentiation have 0.1% of the density and cell/cell
contacts of normal tissue. Stem cell technologies and organo-typic
culture conditions, which include 3D culture, tissue-like architecture, cell
composition, and functionality, are achieved by modern bioengineering
meeting cellular biology. There is a gold rush atmosphere in many
applied research areas including drug discovery and toxicology, but
it needs some rule and order now to separate progress from promise.
Good Cell Culture Practice and similar quality assurance movements
are key. Standardization and ease of availability to the many possible
users facilitate the exploitation of these new technologies and pruning
the wild growth of technologies. The lecture shows how some of these
hurdles are currently overcome, using the example of human minibrains from induced pluripotent stem cells. This first model of thousands
of standardized neurospheres with some intracellular brain functionality including axon myelination, spontaneous electrophysiological field
potentials, and transcellular toxicity allows the determination of (developmental) neurotoxicity. For example, the selective damage to dopaminergic neurons of substances such as rotenone or MPTP has been
shown.

1022 Organs-on-a-Chip: Microphysiological Platforms
As In Vitro Models of Cardiac and Adipose Tissue

P. Loskill. Fraunhofer Institute for Interfacial Engineering and
Biotechnology IGB, Stuttgart, Germany. Sponsor: S. McCullough.
Toxicological screening and drug discovery to date has relied on animal
models and conventional cell culture, which are useful, but fail to
resemble human physiology. The discovery of human induced pluripotent stem (iPS) cells has led to the emergence of a new paradigm of
screening using human disease-specific organ-like cultures in a dish.
One promising approach to produce these organ-like structures is the
use of microfluidic devices, which can simulate 3D tissue structure and
function with microphysiological features. Using microfabrication techniques, we have developed two microphysiological platforms (MPSs)
that incorporate 3D in vitro models of human cardiac and adipose tissue.
Both MPSs consist of three functional components: i) a tissue culture
chamber mimicking geometrical organ-specific in vivo properties; ii)
“vasculature-like” media channels enabling a precise and computationally predictable delivery of compounds (nutrients, drugs); and iii)
“endothelial like” barriers protecting the tissues from shear forces while
allowing diffusive transport. Both organ-chips are able to create physiological microtissues that are viable and functional for multiple weeks.
The developed cardiac MPS is the first system that combines human
genetic background, physiologically relevant tissue structure, and “vasculature-like” perfusion. Pharmacological studies using it show half
maximal inhibitory/effective concentration values (IC50/EC50) that are
more consistent with data from primary tissue references compared to
cellular scale studies. The cardiac and adipose MPSs are both extremely
versatile and can be applied for toxicological screening as well as fundamental research.

1023 Human Small Airway-on-a-Chip: Applications in
Comparing Tobacco and E-Cigarette Exposures

K. H. Benam. Harvard University, Boston, MA. Sponsor: S.
McCullough.
Organs-on-chips are microfluidic cell culture devices created with microchip manufacturing methods that contain hollow micrometer-sized
chambers inhabited by living cells, which recreate specialized multicellular architectures, tissue-tissue interfaces, physicochemical microenvironments, and vascular perfusion. We recently described a human
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and soluble vascular adhesion molecule-1 (sVCAM-1). Additionally, we
have examined fetal growth through ultrasound records and measurements taken at birth. We found evidence of decreased head circumference with higher gestational arsenic concentrations. In ultrasounds, we
found a 0.047 (95% CI: -0.115, 0.021) decrease in head circumference
z-score with each 1 ug/L increase in urinary arsenic concentrations, and
at birth, a 0.10 cm decrease in head circumference (95% CI: -0.19, -0.01)
was related to a doubling of urinary arsenic concentrations. Arsenic
was further associated with decreased birth weight, but the association
varied by infant sex and maternal pre-pregnancy body mass index. This
talk will summarize our findings on pregnancy and birth outcomes to
date. Ongoing efforts including assessment of exposure and relevant
outcomes in infants and children in our cohort also will be described.

lung “small airway-on-a-chip” containing a differentiated, mucociliary
bronchiolar epithelium, and an underlying microvascular endothelium
that experiences fluid flow for analysis of organ-level lung pathophysiology in vitro. In this session, I will discuss this microengineered device
in more details. Moreover, I will introduce our recently developed in
vitro model system that permits analysis of the effects of whole smoke,
from both conventional tobacco and electronic cigarettes, delivered
under physiologically relevant flow conditions that mimic breathing on
development of micropathologies in human small airways. Using this
platform, we were able to recreate smoking topography, and detect
new ciliopathic phenotypes that had never been reported, including
enhanced variability of cilia beat frequency (CBF), and transformation of
CBF from Gaussian normal to bio-modal non-normal distribution upon
smoke exposure. Moreover, we recapitulated diseased organ specific
responses to whole cigarette smoke for novel toxicopharmacological
biomarker discovery, such COPD-specific upregulation of interleukin 8
(IL-8) secretion, and identification of a new class of serine proteases that
may contribute to proteolytic matrix degradation in COPD lungs. Thus,
the “smoking lung small airway chip” technology may offer new opportunities for assessment of drug efficacy and inhaled consumer products
and aerosols.

1024 Utilization of Bioprinted Human Liver Tissues for
Toxicology Applications and Disease Modeling

R. Hardwick. Organovo, San Diego, CA.
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Identification of drug-induced liver liabilities early in the drug development process is critical to predicting the safety profile of new compounds. Traditional predictive approaches have employed 2D cellbased systems, in silico modeling, and costly animal studies, yet failures
in clinical trials and post-market withdrawals due to hepatotoxicity
persist, highlighting the continued need for sophisticated systems that
recapitulate the complexity of native human biology. The NovoGen
Bioprinter Platform employs computer-based design and automated,
spatially controlled deposition to fabricate 3D in vitro tissues composed
entirely of human cells in order to mimic native human tissue architecture and function. Using this platform, we have developed a 3D bioprinted liver tissue comprised of primary human hepatocytes, hepatic
stellate cells, and endothelial cells, which exhibits histological and functional capabilities for at least four weeks. The 3D bioprinted human liver
tissues displayed sustained viability and function via ATP and albumin
production, as well as CYP3A4 metabolic activity, while allowing for histological assessment of toxicologic responses. Treatment of 3D human
liver tissues with known hepatotoxicants led to the development of clinically-relevant toxicological phenotypes. Exposure to valproic acid led
to decreased ATP and GSH levels, and the accumulation of cytoplasmic
vacuoles within hepatocytes consistent with steatosis. Comparison of
troglitazone and pioglitazone demonstrated the ability to differentiate
toxic agents in a time- and dose-dependent manner. Investigations of
chronic treatment with methotrexate revealed the potential to model
drug-induced liver fibrosis in vitro, with histopathological evidence of
fibrogenesis becoming evident prior to perturbations in biochemical
damage markers such as LDH. The flexibility of the platform also allows
for incorporation of additional nonparenchymal cells such as Kupffer
cells, thus providing the ability to probe the contribution of specific cell
types to any toxicological endpoint. Collectively, these results demonstrate the utility of 3D bioprinted human liver tissues in the comprehensive assessment of drug-induced liver injury in vitro.

1025 Adopting Microphysiological Systems (MPS),
or Tissue Chips, As a Research Tool for Drug
Development

K. Fabre. AstraZeneca, Waltham, MA. Sponsor: S. McCullough.
Drug development failures are largely associated with toxicity in the
preclinical setting and lack of efficacy during phase II and III of clinical
trials. While current in vitro and animal models for drug screening are
informative, these systems are also limited in that they do not accurately reflect human physiology. To address this gap, microphysiological systems, or tissue chips, are being investigated to determine if they
can adequately reflect human responses to drug exposure. Indeed the
technology has much potential, but microphysiological devices are
still considered to be in the development stages. Rigorous tissue chip
testing yielding reproducible results will be needed to gain buy-in from
industrial researchers as an accepted tool for drug development. To
transition from MPS discovery/innovation to adoption by the scientific
community, defining the context of use for individual organ systems,
and providing standardized protocols, must be established. Forming
the right public-private partnerships that pull together expertise from
academia, government, industry, and regulatory agencies will be also
essential to coordinate 1) tissue chip innovation; 2) thorough, functional

testing on single organ systems; 3) how tissue chips could be utilized
in pharmaceutical endeavors; 4) how regulatory agencies will process
data derived from MPS devices and; 5) the next generation of MPS
technology including organ-organ integration and personalized MPS
devices. A summary of these considerations will be discussed.

1026 Translational Control in Disease Progression and
Xenobiotic-Mediated Toxicity

T. K. Baker. Eli Lilly, Indianapolis, IN.
Proper translational control of mRNA to protein has shown to play an
essential role for a variety of physiological functions, including development, regulation of cell growth, and metabolic function. Currently,
two major regulatory pathways have been described to control the
rate of protein synthesis: one via the mammalian target of rapamycin
(mTOR); and a second through eukaryotic initiation factor 2 (eIF2)
kinases. While the mTOR pathway responds primarily to growth signals
and changes in nutrient content, eIF2 kinases respond to an array of
cellular stresses, including ultraviolet irradiation and misfolded proteins
in the endoplasmic reticulum. Both the mTOR and eIF2 kinase pathways directly affect translational control through modulating distinct
components involved in translational initiation. However, this same
translational machinery, which maintains homeostasis, is often aberrant during the disease pathogenesis, resulting in abnormalities such
as enhanced oncogenic potential, neurodegeneration, and metabolic
dysfunction. Translational inhibitors are currently being investigated for
therapeutic intervention, but modulation of biological pathways that
control translation initiation have been implicated in toxicities associated with a variety of xenobiotics. To better apply novel techniques and
approaches toward mechanistic toxicity, systems biology, and drug discovery, it is critical to understand the key intracellular signaling events
and pathologic consequences of modulating translation. The session
will provide an overview of groundbreaking advances in the understanding of how mTOR and eIF2 kinases, key regulators of translational
control, play a role in health and disease at the molecular level, and
bridge this knowledge to current applications of risk assessment and
translational toxicology. The speakers, representing perspectives from
industry to academia, will provide mechanistic insight into the pathogenesis of disease and drug-induced toxicities associated with altered
translational control as well as provide guidance toward drug safety.
The session will briefly introduce translational control’s relationship to
toxicity and pathogenesis of disease, followed by a discussion on novel
mechanistic insights into differential signaling pathways, which activate
mTORC1 through unique amino acid sensing. The sympsosium will then
discuss mTOR inhibition and the signaling cascade resulting from reactive oxygen species (ROS) toxicity as an adaptive response to control
redox homeostasis through selective autophagy of peroxisomes. Next
the session will transition from translational control by mTOR to eIF2
kinases. Translational control by eIF2 kinases have been identified
in numerous disease states and drug related toxicities. With this, the
session will discuss novel translation mechanisms of GCN2 activation
as an adaptive response in the skin following UV irradiation, which will
be followed by discussions on the role of ER stress in the progression
of liver disease, such as nonalcoholic steatohepatitis and drug induced
liver injury, linking hepatocelullar death to inflammation for approaches
of risk management. At the conclusion of this symposium, participants
will have a good understanding of the role translational control plays in
various disease states as well as approaches for elucidating mechanism
of toxicity for various drugs and xenobiotics.

1027 Differential Regulation of mTORC1 by Amino
Acids

J. Jewell. University of Texas Southwestern Medical Center, Dallas,
TX. Sponsor: T. Baker.
Organisms sense nutrient fluctuations and respond accordingly to
control cell growth and metabolism. When this process goes awry,
the result can be detrimental, often leading to human disease. Central
to this process is the mechanistic target of rapamycin (mTOR), a conserved kinase that is the main component of a protein complex termed
mTOR complex 1 (mTORC1). Hyperactivation of mTORC1 is frequently
observed in human disease, and therapeutics that target mTORC1 have
proven efficacious in clinical trials. Amino acids are the most potent
stimuli for mTORC1 activation; however, the detailed molecular mechanisms are obscure, and importantly, the specific amino acids that regulate mTORC1 are unclear. Recently, we discovered that the amino acids,
leucine, and glutamine activate mTORC1 through two distinct signaling
pathways involving the small G-proteins RagA/B and the adenosine

1028 A New Look at an Old Machine: New Cellular

Targets for the Cell’s Translational Machinery

C. Walker. Baylor College of Medicine, Houston, TX.
The role of the mechanistic target of rapamycin (mTOR) as a regulator
of protein translation and cell growth is well established. In the past
few years, however, new mTORC1 functions and cellular targets for
several components of the cell’s translational machinery have emerged.
These include an important role for mTORC1 in regulating autophagy,
and in the case of redox homeostasis, regulating selective autophagy
of peroxisomes (pexophagy) in response to excessive ROS production,
for example in response to drugs such as clofibrate. Most recently, the
translation initiation complex eIF4F was shown to inhibit mTORC1 signaling in response to amino acid starvation, identifying a translation-independent function for this complex. Consequently, targeting mTORC1
(or other components of the cell’s translational machinery) may have
pleiotropic effects well beyond protein translation and cell growth.

1029 Translational Control and the eIF2 Kinase
Pathway in Health and Disease

R. Wek. Indiana University School of Medicine, Indianapolis, IN.
Sponsor: T. Baker.
Regulation of mRNA translation is a rapid and effective means to couple
changes in the cellular environment with global rates of protein synthesis. In response to environmental stresses, phosphorylation of the
eukaryotic initiation factor 2 reduces general translation initiation while
facilitating the preferential translation of selected transcripts. This presentation will highlight the translational control processes regulated by
UV irradiation, with an emphasis on the adaptive functions triggered by
eIF2 phosphorylation.

1030 ER Stress Regulates a Biological Network Driving
the Pathogenesis of Liver Disease

J. A. Willy. Eli Lilly, Indianapolis, IN.
Fatty liver is one of most common co-morbidities in obese diabetic
patients and can alter metabolism of a variety of drugs and xeniobiotics.
Drug induced liver injury (DILI) and non-alcoholic steatohepatitis (NASH)
also share many common histological and molecular features, including
the induction of hepatocellular death, inflammation, and activation of
cellular stress responses, such as the Unfolded Protein Response (UPR).
Through ChIP-seq and RNA-seq experiments in human hepatocytes
treated with saturated free fatty acids, we have identified a variety of key
biological pathways, such as autophagy, proteasome activation, and the
secretory pathway, which play direct roles in the pathogenesis of liver
disease. Additionally, we have identified IBTKa, a novel UPR member
regulated by CHOP, which plays a role in cell survival and protein secretion during both NASH and DILI. Our results reveal novel mechanisms
regulated by the UPR during liver disease.

1031 The Role of ER Stress in Progression of NAFLD to
NASH

R. Kaufman. Sanford Burnham Prebys Medical Discovery Institute,
La Jolla, CA. Sponsor: T. Baker.
Hepatic lipid metabolism is intimately connected with the function of
the endoplasmic reticulum (ER). Genetic deficiencies and environmental
insults disrupt ER function to cause the accumulation of misfolded
protein, a condition called “ER stress” that can lead to inflammation. The
liver is the central organ in humans that regulates systemic lipid homeostasis. Hepatic ER stress can cause non-alcoholic fatty liver disease
(NAFLD) that leads to non-alcoholic steatohepatitis (NASH) and eventually hepatocellular carcinoma (HCC). The unfolded protein response
(UPR) is an adaptive response designed to resolve protein misfolding in
the ER that is signaled through three transmembrane sensors, primarily
IRE1α, ATF6α, and PERK. If protein misfolding is not resolved, cells initiate apoptosis in a manner that requires PERK mediated phosphorylation of eukaryotic initiation factor 2 (eIF2) on the alpha subunit to atten-

uate protein synthesis. Paradoxically, a number of mRNAs, including
Atf4 mRNA, require eIF2α phosphorylation for efficient translation. ATF4
induces transcription of the C/EBP homologous protein CHOP. We have
shown that ATF4 and CHOP act together to induce genes encoding ER
chaperones, autophagy, and translational machinery. As a consequence,
forced expression of ATF4 and CHOP is sufficient to increase protein synthesis that leads to ATP depletion, oxidative stress, lipid accumulation,
and hepatocyte cell death. We demonstrate that protein misfolding in
the ER lumen of hepatocytes causes cytosolic lipid accumulation due
to defective trafficking of triglycerides into the ER. As a consequence,
disruption of ER homeostasis leads to fatty liver. In addition, protein misfolding in hepatocytes causes oxidative stress that we propose leads to
oncogenic mutations to cause HCC.

1032 Cross-Industry and Regulatory Approach for

the Identification and/or Qualification of Novel
Safety Biomarkers of Drug-Induced Vascular
Injury (DIVI)

D. A. Dalmas. GlaxoSmithKline, King of Prussia, PA.
Drug-induced vascular injury (DIVI) in nonclinical toxicology studies is
a challenging safety issue that can lead to significant delays in the drug
development process and/or result in project termination due to lack
of sensitive, specific, and/or effective translational biomarkers, and an
incomplete understanding of predictivity of nonclinical models for clinical risk. In nonclinical species, DIVI has been observed with numerous
structurally and pharmacologically diverse compounds. Despite individual efforts across industry, mechanism(s) by which DIVI damage
occurs to blood vessels is still not completely understood. Because the
issue is too complex to be solved by individual companies working
in isolation and with limited resources, the Predictive Safety Testing
Consortium’s (PSTC) Vascular Injury Working Group (VIWG), and the
Safer and Faster Evidence-Based Translation (SAFE-T) Consortium, have
been working individually and jointly to identify non-invasive translational biomarkers of DIVI. This will address the question of human relevance using panels of nonclinical and clinical biomarkers that underpin
histomorphologic features (endothelial damage, smooth muscle
damage, and inflammation) common across species, including humans
that can detect the onset, progression, and reversibility of DIVI irrespective of the mechanism of injury. A panel of circulating candidate protein
biomarkers that can differentiate rodents with evidence of DIVI from
vehicle-treated rats has been developed by the PSTC VIWG. Similarly,
the SAFE-T consortium has demonstrated a panel of circulating protein
biomarkers that are shared or have shared biology to those identified by
the VIWG and may distinguish between patients with vascular disease/
injury and healthy volunteers. In addition, the PSTC VIWG and SAFE-T
Consortium have developed key outputs required for the qualification
of clinical and nonclinical safety biomarkers, and have jointly developed
a translational approach to qualify new vascular safety biomarkers for
use in clinical drug development research. This session will highlight the
industry and regulatory perspective on nonclinical DIVI, its impact on the
drug development process, and evolution of the regulatory processes
for biomarker qualification. It will showcase the progress of each consortium toward development of novel assays for vascular injury, the collaborative, cross-industry translational approach developed by the PSTC
VIWG and SAFE-T Consortium towards qualification of the candidate
DIVI biomarkers, and innovative in vitro and non-invasive approaches
currently being utilized to assist in the identification/prediction of DIVI.

1033 Drug-Induced Vascular Injury: Biomarker

Qualification and Impact on Regulatory Review
and Decision-Making

J. Weaver. US FDA, Sliver Spring, MD.
Lack of sensitive and specific biomarkers for monitoring early onset of
drug-induced vascular injury (DIVI) in nonclinical and clinical species is
an obstacle to drug development. This presentation will first focus on
the problems posed by the occurrence of nonclinical DIVI and the impact
on regulatory decision making. Specific subtypes of DIVI caused by small
molecule drugs, anti-sense oligonucleotides, and therapeutic proteins
will be described. Differences in timing of appearance and specifics of
lesions will be examined to see how they might potentially affect biomarker utilization or selection. The process of formal biomarker qualification has undergone significant evolution since the initial qualification
of biomarkers of kidney injury in rats in 2009. The current state of the
process and options will be examined. The specific stages from Letter
of Intent through defining the Context of Use and then to the stages
of qualification will be examined. The presentation will then proceed
to a discussion of how biomarker information might potentially contribute to regulatory evaluation of data from drug development studies.
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diphosphate ribosylation factor-1 (Arf1), respectively. We identified Arf1
as an essential component that couples glutamine signaling to mTORC1
activation independently of RagA/B. Our results uncover a novel signaling cascade to mTORC1 activation and suggest that mTORC1 is differentially regulated by specific amino acids.

This will include possible use cases of biomarkers in nonclinical studies
as well as some potential uses in early clinical trials. Throughout this
discussion we will use DIVI to provide an example of how the process
has evolved, and what types of information might be needed to lead to
various levels of achievement in the overall process.

1034 Nonclinical and Clinical Drug-Induced Vascular

Injury: Output of the Preclinical Safety Testing
Consortium Vascular Injury Working Group and
Safer and Faster Evidence-Based Translation
Consortium

T. Zabka2, M. Lawton4, D. Dalmas3, B. Enerson4, and N. King1.
1Critical Path Institute, Predictive Safety Testing Consortium,
Tucson, AZ; 2Genentech, Inc., South San Francisco, CA;
3GlaxoSmithKline., King of Prussia, PA; and 4Pfizer, Inc., Groton, CT.
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Drug-induced vascular injury (DIVI) occurring during the nonclinical
drug discovery and development process can lead to delays in the
advancement of new medicines and/or termination of potential new
therapies prior to entry into Phase I clinical trials. To address the concern,
improved circulating biomarkers to monitor DIVI in nonclinical and
clinical species are required. The Predictive Safety Testing Consortium
(PSTC) Vascular Injury Working Group (VIWG) and Safer and Faster
Evidence Based Translation (SAFE-T) Consortium, two pre-competitive
consortia focused on the qualification of safety biomarkers, have been
working together to develop a framework to advance potential new
medicines that cause nonclinical DIVI. The presentation will focus on
the challenges of qualifying biomarkers of DIVI for use in nonclinical
and clinical studies, and highlight the work being performed by both
consortia to obtain regulatory support for biomarker qualification. The
PSTC VIWG efforts to enhance exploratory rat studies and augment the
clinical qualification strategy of the SAFE-T Consortium will also be highlighted. This will include a review of the strategy to enable a morphologic-based, mechanism-independent approach to qualification and
development of a histomorphologic lexicon to support this strategy,
and standardize the characterization of DIVI across industry. A review
of the current status of the nonclinical candidate biomarker panel
and performance in rodents, along with the translational plan to large
animal species and humans, will also be emphasized. The key efforts
of the SAFE-T Consortium will also be highlighted, and will include an
overview of the strategy to use samples for biomarker evaluation from
healthy volunteers and patients with vascular diseases (patients with
spontaneous vasculitides and those undergoing balloon angioplasty)
that have key histomorphologic features (endothelial damage, smooth
muscle damage and inflammation) in common with those observed in
nonclinical DIVI. Results from these studies will be presented and will
show that a panel of biomarkers derived from multivariate statistical
analysis can successfully discriminate the population groups. Together,
the collaborative efforts of the two consortia should enable advancement of evidence-based biomarker development for qualifying novel
biomarkers for use in regulatory decision-making.

1035 Utility of Flow-Based 3D In Vitro Models

to Investigate Mechanisms of DIVI in Drug
Discovery

M. Brock, and W. Proctor. Genentech, Inc., South San Francisco, CA.
Identification of drug-induced vascular injury (DIVI) mechanisms in traditional in vitro cell culture systems is complicated by the absence of such
factors as physiological blood flow and heterotypic cell-cell interactions.
Recent technological advancements have enabled development of 3D
systems that might better recapitulate the cellular complexity of the
vascular system, the physical forces involved, and potentially the physiological responses from vascular toxicants. To this end, we sought to
develop 3D flow based co-culture systems for measuring vessel function
and injury. Using Sprague Dawley rats as a cell source for alignment
with the preponderance of previous animal DIVI studies, both chip- and
plate-based microvasculature systems featuring vessels of sequentially
plated primary intestinal mesenteric microvascular endothelial cells and
aortic vascular smooth muscle cells were constructed. Constant flow
through the microvessels could be maintained either through plate
rocking, or through microfluidics in the chip-based system. Extracellular
matrix types and concentrations, co-culture seeding densities, and
cell-culture media conditions were varied to optimize cell viability and
barrier properties in both systems. Bilamellar vessel structure was confirmed by phase contrast and immunofluorescence microscopy. Finally
permeability of vessels to FITC-dextran molecules was observed to be
lower for co-culture systems in comparison to vessels composed only
of endothelial cells, illustrating the importance of heterotypic cells

interactions for establishing accurate baseline vessel properties for DIVI
studies. Availability of these functional flow-based 3D systems have the
potential to help better predict and understand mechanisms of in vivo
preclinical toxicities with the overall goal of de-risking nonclinical DIVI
safety liabilities.

1036 Novel Integration of Off-Target Screening,

Genomic, and Cardiovascular Risk Assessment
Strategies for Prediction of Nonclinical DrugInduced Vascular Injury

D. A. Dalmas2, A. Hughes-Earle2, H. C. Thomas1, and K. French2.
1Experimental Pathology Laboratories, Inc. (EPL) NorthEast,
Collegeville, PA; and 2GlaxoSmithKline, King of Prussia, PA.
Lack of sensitive/specific biomarkers for monitoring early onset drug-induced vascular injury (DIVI) in nonclinical species and humans is an
obstacle to drug development, and can result in delays and/or termination of new medicines. Innovative strategies combining ‘omics technologies with conventional toxicology methods were developed to identify
risks during precandidate screening enabling educated decision making
to identify the “best molecule”. In vivo administration to rats with 28
known vascular toxicants was conducted to obtain microarray data followed by comparison of gene regulation, with consideration of biological relevance, dose response, fold change, sample repeatability, and
concordance with histopathology. A novel mRNA panel correlating with
DIVI was derived and confirmed in endothelial (EC) and vascular smooth
muscle cell (VSMC) enriched samples, and entire mesentery. Panel predictivity was confirmed in samples obtained from rats treated with two
vascular toxicants prior to histological evidence of DIVI. Usefulness of the
panel as a potential noninvasive biomarker of DIVI was also confirmed in
serum of rats following vascular toxicant treatment. This presentation
will highlight the development/use of novel tissue (EC and VSMC) and
circulating biomarker mRNA panels developed for the identification/
prediction of DIVI. It will then showcase the integration of these panels
with an off-target in vitro/ex vivo screening strategy reflective of vascular toxicant activity (e.g., PDE4 inhibitor activity), along with standard
cardiovascular functional assessments for identification of compounds
with potential vascular liabilities in an in vivo case study comparing
suspected vascular toxicants. The presentation will finish with a discussion on the usefulness of the integrated DIVI approach to aid in target/
candidate selection and/or proactive design of nonclinical and clinical
development strategies to mitigate these potential risks, thus leading
to a reduction in time and cost associated with drug safety evaluation.

1037 Vascular Imaging of Matrix Metalloproteinase

Activity as an Informative Nonclinical Biomarker
of Drug-Induced Vascular Injury

R. Gonzalez. Merck Research Laboratories, West Point, PA.
Lack of widely applicable biomarkers that are specific to and either predictive or diagnostic of drug-induced vascular injury (DIVI) continues
to be a major obstacle during drug development. Biomarkers derived
from universal physiologic responses to vessel injury, such as inflammation and vascular remodeling, could make good candidates, however
they characteristically lack specificity for vasculature. This presentation
will describe investigations which were conducted to assess whether
vascular remodeling-associated protease activity, as well as expected
changes to vessel permeability resulting from DIVI, could be visualized
ex vivo in affected vessels, thereby allowing for direct visual monitoring
of the pathology to address the specificity gap. Visualization of MMP
activation accompanied by increased vascular leakage (permeability),
in the mesentery of rats treated with agents known to induce vascular
injury, correlated well with incidence and severity of DIVI histopathological findings and its associated inflammation, as well as with circulating
levels of TIMP-1 and NGAL. Additionally, immunostaining of endothelial cells, media, and adventitia from both DIVI affected rat mesenteric
and dog coronary vessels suggest that MMP-3 may serve as a marker of
inflammation and consequent vascular remodeling. The weight of evidence approach reported here shows promise as a collective DIVI nonclinical tool by means of complementing non-invasive monitoring of
circulating biomarkers of inflammation with direct imaging of affected
vasculature, and thus lending specificity to its interpretation. These findings are supportive of a potential strategy that relies on translational
imaging tools to complement circulating biomarker data for monitoring
of vascular injury both nonclinically and clinically.

Risk

N. Sipes. NTP/NIEHS, Research Triangle Park, NC.
The aim of this workshop is to discuss the development, acceptance,
and use of fit for purpose computational models for risk assessment
applications. In fields ranging from chemical toxicology to health and
property reinsurance, decision makers frequently face data gaps when
analyzing risk. Some critical data gaps can be successfully bridged using
fit for purpose computational models, which are defined as much by
what is omitted as what is included in the model. Examples of these
models include quantitative structure activity (QSAR) models for specific
hazards and environmental fate, pharmacokinetic models of chemical
disposition, toxicodynamic models for effect, and exposure models. This
workshop brings together a panel of experts with first-hand experience
ranging from constructing computational models included in screening-level tools, such as EPI Suite, to risk-based decision making using
predictive models. Presenters will provide examples of the application
of fit for purpose models in the environmental and pharmaceutical
arenas, how uncertainties are defined in these models, and what are
the strengths and limitations of the models in the particular decision
context. Discussions will encompass a broad range of computational
models (from physico-chemical properties to human population risk
assessment) and chemicals (including pharmaceuticals and environmental exposures) in risk applications. Presenters also will discuss objectives, approaches, technologies, knowledge gaps, and suggestions for
future research, with an emphasis on lessons learned. The last presentation will provide unique commentary on the use of computational
models and risk in corporate reinsurance. This workshop is designed to
appeal to a broad audience interested in using or understanding computational methods to elucidate and predict toxicological outcomes for
risk assessment. The workshop concludes with a panel discussion on
new computational tools that could or should be used for the study of
chemical risk.

1039 Development and Application of Computational
Tools to Support Chemical Exposure and Risk
Assessment

J. Arnot. ARC Arnot Research and Consulting/University of Toronto,
Toronto, ON, Canada. Sponsor: J. Wambaugh.
Thousands of chemicals require risk and safety assessment for human
and environmental health. However, compared to the thousands
of chemicals, relatively few measured data for hazard and exposure
characterization exist, limiting the capacity for the regulatory community to conduct the evaluations. Models are developed to provide
conceptual frameworks, to provide calculations and predictions in
the absence of complete measured information, and to complement
(corroborate) measured information. Computational (in silico) tools,
such as mass balance models and quantitative structure-activity relationships (QSARs), are developed and applied for various purposes. For
example, mass balance models are developed to quantify and simulate
chemical behavior in (i) in vitro test systems, (ii) organisms, (iii) indoor
environments, and (iv) natural environments at local, regional, continental, and global scales. Commonalities for developing mass balance
models at various scales are described. Data gaps are key limiting factors
determining model sophistication, and simplifying assumptions are
required. The availability of information to simulate the models is also
an important consideration. For example, in the absence of measured
data, QSARs such as those included in EPI Suite are required to predict
chemical properties for chemical evaluations such partition coefficients
and reaction half-lives. QSAR models are also regularly used to inform
decisions with respect to new chemical use, e.g., US EPA, and for categorizing and prioritizing chemicals, e.g., Canada’s Domestic Substances
List (DSL). High-throughput models have been developed and applied
to screen and prioritize chemicals for exposure-, hazard- and risk-based
objectives to identify those chemicals that require more comprehensive evaluation. This presentation describes the development of various
models that are currently being applied for risk-based prioritization to
support decision-making.

1040 Population-Based Risk Assessment
L. Aylward. Summit Toxicology, Falls Church, VA.
Human biomonitoring data have been called the “gold standard” for
assessing human exposure to environmental chemicals, and the amount
of available biomonitoring data has exploded over the past 30 years.
Simple models, whether conceptual, pharmacokinetic, or physical, in
combination with these data, are being used to provide insights into
sources, risks, control strategies, and product design/redesign. Simple

pharmacokinetic models and hypotheses regarding chemical elimination behavior and exposure frequencies are being used to predict population variation in biomarker concentrations, and these hypotheses have
been tested against biomonitoring data. These evaluations show that
chemicals with exposure frequencies that are high relative to their halflife of elimination demonstrate lower variation in population biomarker
concentrations than variation in exposure magnitude, while decreasing
relative exposure frequency results in higher population variation in biomarker concentrations. Empirical models constructed based on observations of population variation of biomarker concentrations allow inferences about population variation in biomarker concentrations in other
populations. For example, the ratio of the 95th percentile to the mean for
blood concentrations of several POPs were similar across populations
from three continents and over different time frames, even when absolute exposure levels differed by more than an order of magnitude. The
observed relationships were used to successfully predict the population
upper bound concentrations in a different population. Consideration
of basic physical/chemical and chemical use characteristics allow
extension of this approach to different chemical classes. Physical and
virtual pooling of biomonitoring specimens provide insights into population trends in exposure and population variation without extensive
resource-intensive population-representative sampling programs.
Examples will be provided from past efforts working directly with both
governmental and non-governmental entities to use population models
and biomonitoring data to inform decisions on data-poor compounds
impacting public, occupational, and environmental health.

1041 Drug Development in the 21st Century
H. Barton. Pfizer, Groton, CT.
The year 2015 saw the most drugs approved by the US FDA in 20 years.
Are new computational and in vitro tools paying off? How do we decide
that a model is sufficient? What are the key similarities and differences
between modeling in anticipation of a clinical trial and modeling for
non-therapeutic chemicals? Given the high cost of drug development,
modeling is increasingly thought to provide a tool to reduce costs by
improving predictions of efficacy and toxicity from nonclinical in vitro
and in vivo data. Models can be applied for target selection (e.g., systems
pharmacology), selection of the desired active entity (e.g., pharmacokinetic (PK)-pharmacodynamic), or selection of patient populations (e.g.,
population PK). Successes exist, notably predicting pharmacokinetics,
pharmacokinetic population variability, and drug-drug interactions, predominantly using in vitro data and modeling. However, modeling PK for
liver transporter substrates has demonstrated limitations of bottoms up
mechanistic modeling, assuming in vitro assays correctly predict in vivo
solely with physiological scaling. The empirical resolution using in vitro
to in vivo scaling factors challenges how well we understand the biology
in plate wells or in the body. While predicting plasma PK is essential,
uncertainties around predicted liver concentrations remain substantial.
Predicting toxicities, notably drug-induced liver injury (DILI), remains
challenging, with varied statistical and mechanistic systems modeling
approaches being applied, again, largely using in vitro mechanistic data.
Modeling population variability for PK and toxicity is also critical to characterizing transporter substrates and DILI. Successfully predicting a drug
means predicting efficacy, toxicity, and pharmacokinetics in the disease
state sufficiently well that one balances all these aspects in the choices
made throughout drug discovery and development. The challenges of
making choices in the face of incomplete scientific information are dramatically observable in the results of clinical trials and post-marketing
histories.

1042 An Intuitive Approach toward Predicting Human
Risk with the Tox21 10k Library

N. S. Sipes1, J. F. Wambaugh2, R. Pearce2, S. Auerbach1, B.
Wetmore2, and S. Ferguson1. 1NTP/NIEHS, Research Triangle Park,
NC; and 2US EPA, Research Triangle Park, NC.
Quantitative approaches converting in vitro bioactivity potencies to
equivalent in vivo doses using in vitro to in vivo extrapolation (IVIVE)
techniques are translating high-throughput screening (HTS) data to
human relevance. However, current methods limit analyses to ~500
chemicals with in vitro IVIVE input parameters, making this approach not
applicable across the Tox21 10k library. Additionally, IVIVE approaches
have focused on in vitro data without regard to assay response efficacies, concentration-response fit quality, and do not account for likelihood of in vivo interactions (i.e., chemical-biological target interactions)
based on a clinical context, potentially identifying interactions that are
less likely to occur. We present a data-driven approach to relate in vitro
responses (AC50s & efficacies) to human in vivo interactions using in
silico parameters across the entire Tox21 10k chemical library, toward
a more rapid human hazard assessment. A straightforward maximum
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1038 Fit for Purpose: Using Computational Models for

blood concentration Cmax-to-AC50 ratio approach, similar to methods
useful in decision-making for clinical drug interactions, was used with
benchmarks of >0.1 and >1 to indicate “possible” and “likely” human
in vivo interactions, respectively. Using the IVIVE high-throughput toxicokinetics (HTTK) R-package, we calculated Cmax values using QSARderived in silico parameters (fraction unbound to plasma, Fub, and
intrinsic clearance, CLint) from ~500 human therapeutic dosing scenarios. In silico Fub & CLint parameters alone could recapitulate in vitro
values and specifically the predicted Cmax values were within 10-fold
of measured human in vivo values in 71% of the evaluated scenarios.
The Cmax/AC50 ratio for these dosing scenarios could identify known
therapeutic effectors using the HTTK-model, Tox21/ToxCast data, and
in silico derived parameters. Applying this technique to the entire Tox21
library, 82 unique compounds gave “possible” human in vivo interaction
likelihoods compared with estimated human environmental exposures
predicted from EPA’s ExpoCast program. Overall, this approach provides
an intuitive framework to rapidly and quantitatively relate in vitro bioactivity data to chemical exposures (estimated and actual) using either in
vitro or in silico derived PK parameters. This abstract does not necessarily
reflect the views of the NTP or US EPA.

1043 Calculating Risk on the Really Large Scale with
Less Than Ideal Information

10

authoritative and regulatory bodies (e.g., US FDA, EFSA, FAO/WHO).
Recently, however, a more comprehensive safety decision tree has been
proposed, which aims to aid in the harmonization of these guidelines
and promote the continued development of safe microbial cultures
intended for human consumption. The objectives of this workshop are
to discuss and highlight the following: (1) Current regulations in the US
and other global jurisdictions that apply to the use of probiotics and
provide clarity regarding acceptable claims for such products; (2) Health
Canada’s model approach to streamlining the regulation of probiotics as
Natural Health Products; (3) The recent development of a decision tree
to assist in the safety evaluation of novel microbial cultures intended
for consumption by humans and animals; (4) The US FDA’s genomic
science-based approach to improve the safety and regulatory oversight
of foods and dietary supplements containing live microbial ingredients;
and (5) Approaches utilized to target and improve the health of the
microbiome, including Fecal Microbiota Transplants, and the regulatory challenges associated with microbiome targeted therapeutics. All
speakers will participate in a panel discussion following the last presentation.

1045 Understanding the Safety Requirements and

Regulatory Hurdles of Different Product Classes
Containing Probiotics

SOT 2017 Annual Meeting

R. Hansen. Gen Re (General Reinsurance Corporation), Stamford,
CT. Sponsor: J. Wambaugh.

A. R. Lobach. Intertek Scientific & Regulatory Consultancy,
Mississauga, ON, Canada.

The time and resources needed to revise and improve a model are precious. A provisional model with appropriately characterized uncertainty
may often be surprisingly useful, especially when a lack of a decision
may have significant impact on assessing risk posed to human and
ecological health. In the reinsurance industry, the risks of major disasters are assessed and mitigated by insuring the insurance companies
themselves. As in toxicology, the timeliness of decision making is essential and the consequences significant, but both the models and data
have their limitations. In order to make effective decisions in the face of
these limitations, there are several techniques used by reinsurers which
may be applicable to toxicology. These methods include running more
than one model, comparing/monitoring actual experience with model
expectations, fitting models to less severe events (where sufficient data
is available) and extrapolating to more severe events, applying a higher
risk load where our models are weaker, pooling risk across several reinsurers, and setting limits to our liabilities. Although the applications may
be very different, this presentation will demonstrate that good decisions
can be made using imperfect models. These approaches will provide
motivation to the toxicology and risk assessment communities.

The global market for probiotic products across several industries,
including foods, animal feeds, and pharmaceuticals, has seen significant growth over the last decade. The diverse safety and regulatory
requirements that have evolved for each product type, which can be a
challenge to navigate, are important to consider when developing new
probiotic products. Probiotics intended for human consumption can be
marketed in the US as foods, dietary supplements, or drugs, but it is ultimately the description of the intended product benefit that defines its
category. Probiotic dietary supplements, for example, may be marketed
with substantiated structure/function claims on the supplement label
without pre-market approval, whereas claims stating that a probiotic
prevents, treats, cures, or mitigates disease are therapeutic claims that
would lead to regulation as a drug. The defined product class in the
US, however, may differ in other global jurisdictions such as Europe or
Canada, and health claims in particular are subject to diverse levels of
substantiation in other countries. In Europe for instance, according to
the published guidance on the implementation of the current regulations on nutrition and health claims made on food (Regulation (EC) No
1924/2006), the statement “contains probiotics” is considered a health
claim. Therefore, such a claim on a European food product would need
to be scientifically substantiated, whereas in most other global jurisdictions this would not be the case.

1044 Scientific, Regulatory, and Safety Considerations
for Probiotics and Microbiome Targeted
Therapeutics

L. A. Haighton. Intertek Scientific and Regulatory Consultancy,
Mississauga, ON, Canada.
Advances in the understanding of relationships between gastrointestinal microbiota and human health outcomes have stimulated much
research in the field of probiotics and therapeutics that target the microbiome. The global demand for this product class has seen significant
recent growth due largely to genomic advances that have made it possible to more accurately characterize individual microbial strains and
the gut microbiome as a whole. Probiotics are being proposed for use
as functional ingredients in foods and beverages, dietary supplements,
animal feed, medical foods, and drug products, with each category subjected to different regulatory requirements for the demonstration of
safety. The guidelines are not harmonized, neither across the different
product categories, nor between different jurisdictions; thus, the relevant regulatory path can be difficult to navigate. Similar to probiotics,
the required regulatory path and associated safety requirements for
microbiome targeted therapeutics, such as Fecal Microbiota Transplants,
single strain commensal therapies, or small molecule approaches, differ
greatly by product type. The safety assessment of microbials for use
as live probiotic cultures requires additional hazard characterization
beyond that which can be provided by the standard battery of toxicity
testing studies applied to chemicals, since the physiological and pathological interactions between microorganisms and their “hosts” are often
highly species-specific. Advances in genome sequencing techniques
have allowed for vast improvements in the regulatory oversight of consumer products containing microbial ingredients and have highlighted
the importance of understanding strain level genomic differences. Just
as the probiotic or microbiota-modulating effects of two closely related
strains may differ, so too will their safety profiles. Recommended safety
evaluation procedures for probiotics have been discussed in general
terms with a number of guidance documents available from different

1046 Health Canada’s Natural Health Product

Monograph for Probiotics: A Streamlined Model

S. Henoud. Lallemand Health Solutions Inc., Montreal, QC, Canada.
Sponsor: L. Haighton.
Health Canada has established a forward-thinking approach for the
assessment of probiotics. In Canada, probiotics can be marketed as
Natural Health Products (NHP), which has its own regulatory structure
different from that of drugs and foods. The resulting simplified regulatory environment has allowed for easier market penetration of probiotics as natural health products, while allowing continued growth to scientific research and appropriate consideration of relevant findings. This
presentation will describe the Canadian “balanced” model and operation of the Natural and Non-prescription Health Products Directorate
(NNHPD) as well as details behind the development of the monograph
for probiotics and applicable health claims, safety, and efficacy requirements for businesses wanting to sell probiotic products in the Canadian
market.

1047 Development and Application of a Safety

Decision Tree to Assess the Safety of Probiotics

M. W. Pariza. University of Wisconsin-Madison, Madison, WI.
Sponsor: L. Haighton.
Fermented foods and feeds have been consumed by humans and agricultural animals, respectively, for thousands of years. The microorganisms that produce fermented foods/feeds generate metabolites that
humans (or animals) find desirable in terms of flavor, aroma, texture,
etc., and some of these metabolites (e.g. organic acids, bacteriocins) also

1048 Genomic Approaches to Characterizing Live

Microbial Ingredients in Foods for Improved
Safety and Regulatory Oversight

C. A. Elkins. US FDA, Laurel, MD. Sponsor: L. Haighton.
Live microbial ingredients are contained in a wide variety of food and
beverage products as well as dietary supplements. They may be naturally associated as part of cultured foods but also may be intentionally
added for direct consumption as a health benefit (probiotic). The US FDA
is developing capacity where none previously existed to analyze and
examine the validity of such product labels, and ensure consistency and
product manufacturing control. In this regard, genomic science-based
approaches provide significant advantages that can be applied towards
improving safety and regulatory oversight. Our work involves analytical
genomic tool development in conjunction with classic culture methods
for testing these products for identity, viability, and potential contaminants, as well as introduces new culture-independent diagnostics.
Platforms include the construction and utility of a custom high-density
DNA microarray, direct from product metagenomic sequencing and
analysis, as well as whole genome database development. With regard
to the latter, we highlight how genomic-level taxonomy and systematics
are woefully underpowered compared with clinical and foodborne
enteric pathogens.

1050 Diethylnitrosamine(DEN)-Induced Hepatic

Carcinogenesis Is Promoted by Consumption of
a High Saturated Fat Diet in Male but not Female
C57BL/6 Mice

M. Ronis2, C. F. Pulliam2, F. Del Piero1, T. T. Watanabe1, A. Patel2,
K. Shankar3, and K. Pedersen2. 1Louisiana State University, Baton
Rouge, LA; 2Louisiana State University Health Sciences Center, New
Orleans, LA; and 3University of Arkansas for Medical Science, Little
Rock, AR.
Nonalcoholic fatty liver disease resulting from consumption of diets high
in fat increase risk of liver cancer in men. Few studies have examined the
effect of diets of differing fatty acid composition on this process. Groups
of male and female C57BL/6 mice (n = 9-15) were treated with an i.p.
injection of the chemical procarcinogen diethylnitrosamine (DEN) (10
mg/kg) on postnatal day 13 and weaned onto isocaloric diets of differing
fat content and composition. One group of each sex received a low
(12%) fat diet containing a mix of saturated and polyunsaturated fats;
other groups received high (35%) fat diets made of fats with differing
levels of saturation: cocoa butter (CB, saturated); olive oil (OO, monounsaturated) and corn oil (CO polyunsaturated). These diets were fed for
30 weeks. Pathology analysis of liver lobe 1 demonstrated that the CB
group had higher carcinoma incidence and multiplicity (45%, 1.5 + 0.7
carcinomas/mouse) and multiplicity of total foci (5.1 + 1.2 per mouse)
compared to the male low fat group (0%, 0 and 0.9 + 0.3 foci/mouse)
(P≤ 0.05). Carcinoma incidence and multiplicity (0%, 0) were significantly
lower in the male OO group despite similar levels of steatosis, inflammation and necrosis. Values in the CO group were intermediate (30%, 0.4 +
0.2 carcinomas/mouse, 3.2 + 0.5 total foci/mouse). No carcinomas and
few foci were observed in any of the female groups including the CB-fed
group. Lack of tumorigenesis in DEN-treated females was accompanied
by decreased levels of steatosis and lower expression of alpha fetoprotein and CHOP 10 mRNAs, indicators of malignant biotransformation
and ER stress (P≤0.05). Principal Coordinate analysis of cecal microbiota
profiles based on 16S rRNA amplicon sequencing suggested that the CB
diet was associated with enrichment of LPS-producing Proteobacteria
and lower content of Bacteroidetes in males relative to the other diets.
Our data demonstrate a profound sexual dimorphism in promotion of
liver cancer by high fat diets in mice. Diets enriched with saturated fatty
acids diets promote hepatocarcinogenesis in males possibly as a result
of differences in microbiome composition whereas monounsaturated
fat does not appear to be a tumor promoter.

1049 Scientific and Regulatory Challenges to

Measuring the Health of the Microbiome and
in the Development of Targeted Therapeutic
Agents

J. Eid. Whole Biome, Inc., San Francisco, CA. Sponsor: L. Haighton.
The human microbiome has now been implicated in a wide range of
diseases, from ailments in the GI tract, to neurological dysfunction.
Several microbiome treatment paths are being attempted from complete “Fecal Microbiota Transplants” (FMTs) to more traditional small
molecule approaches. FMTs have had great success, most notably in the
treatment of refractory Clostridium difficile infections. The downside to
this approach is the difficult regulatory hurdle, since this type of “donorbased” treatment is only being allowed in critical health situations
where there are no alternatives. On the other side of the spectrum are
small molecule approaches that seek to either target or mimic specific
aspects of the microbiome. This approach faces a fairly well understood
regulatory path and therefore suffers from all of the same cost and time
burdens observed in standard drug development. Direct utilization of
only specific components of the microbiome as the intervention is yet
another approach. This path has less regulatory obstacles compared to
FMTs but is not quite as clear and well understood as small molecule
development.

1051 Characterization of Hepatic Gene Expression

Profiles During Non-Alcoholic Fatty Liver Disease
(NAFLD)-Related Liver Carcinogenesis in Mice

A. de Conti, K. Dreval, V. Tryndyak, F. A. Beland, and I. P.
Pogribny. US FDA/NCTR, Jefferson, AR.
Hepatocellular carcinoma (HCC) is the fifth most common cancer and
the second leading cause of cancer-related death in the world. Recent
epidemiological studies have attributed the increased incidence of
HCC to obesity, type 2 diabetes mellitus, and NAFLD. The increasing
occurrence of these pathological conditions and the emerging evidence
of association between NAFLD and HCC indicate the need for a better
understanding of the pathogenesis of NAFLD-related HCC, which could
lead to the development of disease preventive-treatment strategies. In
order to elucidate the underlying mechanisms of NAFLD-related hepatocarcinogenesis, we investigated the hepatic transcriptomic profiles
in the Stelic Animal Model (STAM), a murine model of NAFLD-related
HCC that resembles the disease development in humans. Using highthroughput whole mouse genome microarrays, we examined the transcriptomic profiles in the livers of STAM mice at steatotic (6 weeks),
fibrotic (12 weeks), and full-fledged HCC (20 weeks) stages of liver carcinogenesis. The microarray analyses showed significant progressive
changes in gene expression during the development of HCC. A total of
970, 2742, and 2857 of differentially expressed genes were identified in
the livers at 6, 12, and 20 weeks, respectively. Interestingly, the ratio of up
to down-regulated genes progressively decreased during the carcinogenic process. Pathways analysis of the differentially expressed genes
demonstrated a strong enrichment in genes involved in cell death, epithelial-to-mesenchymal cell transition, cell viability, inflammation, and
angiogenesis, with an inhibition of the cell death pathway being the
most significant. Further analysis of pathway alterations demonstrated
down-regulation of TNF-α signaling, and especially an inhibition of the
TNF-related extrinsic apoptotic pathway, at each stage of liver carcinogenesis. This was evidenced by a progressive reduction in the levels of
members of TNF superfamily (e.g., TNF-α, FASL, and CD137) and caspase
8 and caspase 3 proteins. These results indicate that an early inhibition
of the apoptotic response is a key pathophysiological mechanism in the
development of NAFLD-derived HCC.
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inhibit the growth of spoilage organisms and foodborne pathogens.
Microorganisms isolated from traditional food/feed fermentations have
also been used as probiotics. There is interest in developing new microbial cultures for these uses, but to date safety evaluation procedures
have only been discussed in general terms. A comprehensive approach
for determining the safety of microbial cultures that lack an established
history of safe use for their intended new applications has been developed. Three scenarios are considered: (1) substantially increased exposure to a culture that has an established record of safety in a more limited
application; (2) a new microbial strain without a history of safe use that
was isolated from a food or feed that has a history of safe use; and (3)
a new microbial strain isolated from a non-food or non-feed source.
This safety evaluation process is based on scientific procedures and is
modeled on previous decision trees that are used worldwide to evaluate
the safety of microbial enzymes for use in human food or animal feed.

1052 Hepatocyte Nuclear Factor 4 Alpha (HNF4α)

Target Gene Signature Correlates Better
with Liver Cancer Pathogenesis Than Protein
Expression

I. Huck, C. Walesky, S. Gunewardena, S. Weinman, T. M. Schmitt,
S. C. Kumer, and U. Apte. University of Kansas Medical Center,
Kansas City, KS.
Hepatocyte nuclear factor 4 alpha (HNF4α) is the master regulator of
hepatocyte differentiation and contributes to hepatocellular quiescence. Deletion of HNF4α results in increased hepatocyte proliferation
and its downregulation is associated with the progression of hepatocellular carcinoma (HCC). Here we describe the identification and validation
of an HNF4α target gene signature capable of measuring HNF4α activity
using in silico and in vivo approaches. The 44-gene signature was developed using RNAseq data obtained from normal livers and HCCs from
WT and HNF4α-KO mice. It was further refined to include genes with
human orthologs only. The signature was validated using livers from
HNF4α-KO mice. Validation of the signature in humans began with in
silico analysis of the gene expression profiles of human HCCs in varying
stages of advancement. HCCs of advanced progression showed greater
downregulation and therefore less HNF4α activity than did those of early-stage HCCs or normal liver tissues. When applied in silico to a dataset
consisting of gene expression profiles of patient-paired HCC and normal
liver tissue, the signature was capable of distinguishing the tumor
tissue from normal liver originating from the same patient. Using mRNA
obtained from either HCC or cirrhotic human livers, HCCs expressed
lower levels of signature genes than did cirrhotic samples. Finally, we
examined gene signature expression in a set of human liver samples carrying various histological features ranging from regenerative nodules to
advanced HCC. We also performed HNF4α IHC staining on paraffin slides
of the same samples. While gene signature readout matched disease
progression, it correlated poorly with HNF4α staining. These data indicate that HNF4α activity measured by target gene expression correlates
better to HCC disease progression rather than HNF4α protein expression. This also suggests that while HNF4α protein may be expressed in
HCC, it may not be functional. These findings across multiple species
and models demonstrate that the HNF4α target gene signature can
accurately measure HNF4α activity and can be used to evaluate HCC
development.
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1053 Prediction of Rat Liver Tumorigenicity Using

Gene Expression Signatures from Short-Term In
Vivo Studies

C. Qin, A. Podtelezhnikov, K. Tanis, S. Kuruvilla, M. P. Dey, S.
M. Galloway, W. E. Glaab, and F. D. Sistare. Merck Research
Laboratories, West Point, PA.
In vivo rodent evaluations of pharmaceutical carcinogenicity per current
ICH guidance are resource-intensive and time-consuming, which makes
carcinogenicity prediction using in silico, in vitro and short-term in vivo
studies a priority for the pharmaceutical and chemical industries. While
significant past research efforts to address this issue have resulted in
limited success, these pioneering studies have established a foundation enabling further explorations. Here we report the development of
molecular carcinogenicity biomarkers that are reasonably capable of
predicting rat liver tumorigens with short-term (4-7 day treatment duration) in vivo studies. The gene expression biomarker set is comprised
of 94 mRNAs divided into 4 categories (DNA damage response, PPARα
response, cell proliferation, and a set of others). This gene expression
panel was developed using genome-wide expression profiling of rat
liver tissues from internal studies, in combination with liver transcriptomics data from NIBIO in Sprague Dawley rats (http://toxico.nibio.
go.jp/english/). To qualify these biomarkers, we evaluated liver samples
from an independent set of short-term in vivo rat studies testing 31
non-genotoxic and 11 genotoxic compounds. Our results demonstrated
a high prediction accuracy (sensitivity >70%, specificity 100%) for genotoxic and non-genotoxic rat liver carcinogens (in a dose responsive
manner for the latter), misclassifying only a few weak rat liver carcinogens (e.g. those causing low incidence of mostly adenomas in one sex).
In summary, this study provided good evidence for the ability of shortterm in vivo studies in rats to predict rat liver carcinogens.

1054 Mechanism of NR4A1 Regulation of TGFβ-

Induced Migration and Epithelial to
Mesenchymal Transition in Triple Negative
Breast Cancer Cells

E. D. Hedrick, and S. H. Safe. Texas A&M University, College
Station, TX.
Triple negative breast cancer (TNBC) represent a later stage metastatic
tumor that is resistant to most drugs. Transforming growth factor β
(TGFβ) induces EMT and metastasis in late stage TNBC and a recent study
demonstrated that NR4A1 is required for TGFβ-mediated migration and
invasion. In this study we show that TGFβ-induced p38α (MAPK14) is
necessary and sufficient for TGFβ-induced cancer cell migration migration and invasion and NR4A1 nuclear export and this was confirmed by
p38 inhibitor studies and by overexpression of three different mutant
forms of p38α: namely a constitutively active form (p38CA), a “kinase
dead” form (p38KD with K53A mutation) and a dominant negative form
(p38DN with T180A and Y182F mutations). TGFβ/p38-induced migration
of TNBC cells was inhibited by NR4A1 ligands 1,1-bis(3-indolyl)-1-(p-substituted phenyl) methane (C-DIM), ligands which act as NR4A1 antagonists and also the p38 kinase inhibitor SB202190. The other p38KD and
p38DN variants alone failed to recapitulate these effects and subsequent TGFβ treatment failed to rescue these cells. We also demonstrate
that nongenomic NR4A1 and p38 kinase activity play a pivotal role in
TGFβ-induced EMT since expression of TGFβ-induced EMT markers were
abrogated after knockdown of NR4A1 by RNA interference (siNR4A1) or
treatment with SB202190. Moreover we also demonstrate that NR4A1
antagonists promote cytosolic sequestration of the transcription factor
β-catenin, which results in proteasome-dependent degradation of
β-catenin. We have also identified TCF/LEF response elements (TRE)
within the NR4A1 promoter region and chromatin immunoprecipitation
analysis demonstrated that β-catenin (through association with TCF-3,
TCF-4, and LEF-1) associates with the NR4A1 promoter at the TRE and
this is associated with induction of NR4A1 expression. TGFβ/p38 induces
β-catenin expression and knockdown of NR4A1 or treatment of TNBC
cancer cells with NR4A1 antagonists inhibit β-catenin induction. Our
results show mutual coregulation of NR4A1 and β-catenin play a role
in TGFβ-induced TNBC cell migration and EMT and NR4A1 antagonists
inhibit this response and demonstrate a novel approach for TNBC chemotherapy for patients overexpressing NR4A1.

1055 The Effect of Caffeic Acid on Liver and Peripheral
Blood Lymphocytes as Measured by the Alkaline
Comet Assay

C. Beevers, L. Foster, R. Mortimer, and L. Jordan. Covance
Laboratories Ltd, Harrogate, United Kingdom. Sponsor: J. Bhali.
Caffeic acid is present in a variety of fruits and vegetables and has been
classified as a possible human carcinogen (Group 2B) by IARC. It has
been reported to be negative in an Ames test, positive for chromosome
aberrations in CHO cells and negative for micronuclei (MN) in mouse
bone marrow. We have demonstrated that Caffeic acid was negative
for gene mutations in a Pig-a assay in rats, but in the same animals it
induced an increase in MN in peripheral blood. The objective of this
study was to evaluate DNA strand breaks in rats exposed to Caffeic
acid in an alkaline comet assay. Groups of 6 male Sprague Dawely rats
were dosed with vehicle (0.5% hydroxypropyl methylcellulose) or 500,
1000 or 2000 mg/kg Caffeic acid for three consecutive days by oral
gavage. A group of 3 male Sprague Dawely rats were dosed once with
ethyl methanesulfonate (EMS) at 150 mg/kg, oral gavage, as a positive
control. Approximately 3 hours after the final administration, animals
were killed and liver and lymphocytes processed through the alkaline
comet assay. There were no post dose signs of toxicity observed in any
treated animal, although there were minor changes in clinical chemistry
(increases in ALT and AST activity and a decrease in cholesterol levels)
and microscopic changes in the liver (increased hepatocyte mitosis
and single cell necrosis) at the highest dose. There were no increases
in %hedgehogs or increase in tail intensity in either liver or blood cells
in groups of animals treated with Caffeic acid compared to the vehicle
control. In contrast EMS induced large increases in tail intensity in both
cell types. In conclusion, Caffeic acid does not induce DNA strand breaks
in the liver or peripheral blood of treated rats.

for the Classification of Xenobiotics as Mutagens

M. B. Phillips, K. Dunnick, P. Balbuena, J. R. Enders, S. Ross, D.
Billings, R. A. Clewell, and M. Yoon. ScitoVation, LLC, Research
Triangle Park, NC.
Currently, induced rat S9 fraction is used to address metabolic activation
in in vitro genotoxicity testing. However, this approach lacks human relevance and also is one of the major reasons for high false positive rates in
in vitro-based screening for genotoxicity. We have developed a method
using long-term primary human hepatocyte cell cultures to generate a
mixture of human-relevant metabolites that can be tested for genotoxicity in vitro. Two case compounds, 1,7-octadiene (OCTA) and cyclophosphamide (CP), were tested for genotoxicity using the in vitro the micronucleus (MN) assay with and without metabolic competence to show
the limitation of the current rat S9-based approach. Both compounds
require cytochrome P450-mediated bioactivation to elicit genotoxicity.
However, in vivo, OCTA’s active metabolites are detoxified by epoxide
hydrolase and non-enzymatic hydrolysis, while CP’s active metabolites
are detoxified by alcohol dehydrogenase (ADH), aldehyde dehydrogenase (ALDH), and glutathione S-transferase (GST), all of which cannot
be fully captured by adding induced rat S9 to in vitro toxicity assays. We
tested the genotoxic potential of OCTA and CP, along with their bioactivated metabolites, 1,2:7,8-diepoxyoctane (DEO) and 4-hydroxycyclophosphamide (hydroxyCP) the MN assay in human fibrosarcoma cells.
As expected, the parent compounds were inactive, while their metabolites were genotoxic (EC50 at 11.12 μM DEO and 1.53 μM hydroxyCP).
However, when the hepatocyte model was used to generate human
relevant metabolites for OCTA and CP, genotoxicity was not observed,
indicating that the bioactive metabolites were not present due to detoxification via phase II enzymes. To test this assumption, CP hepatocyte
incubations were performed with inhibitors of ADH and ALDH: disulfiram and gossypol. Our results demonstrate the requirement for both
phase I and II metabolism in human relevant in vitro models useful for
safety assessment. Our integrated in vitro genotoxicity testing method
will support in vitro based evaluation of concentration-response for
genotoxicity under human, in vivo relevant exposure conditions and will
thereby increase confidence in in vitro-based prediction of human safety
exposure to potential genotoxic compounds (supported by ACC-LRI).

1057 Characterization of Sputum Macrophages from
Humans Exposed Experimentally to Ozone

H. M. Kipen, K. Black, H. Choi, J. A. Cervelli, M. Hernandez, S.
Alimokhtari, A. Perez, J. D. Laskin, and D. L. Laskin. Environmental
and Occupational Health Sciences Institute, Piscataway, NJ.
Ozone is a ubiquitous air pollutant with effects on lung inflammation
and pulmonary function. Following exposure of rodents to ozone, a
persistent increase in proinflammatory macrophages is observed in
the lung. Moreover inhibiting the activity of these cells mitigates ozone
toxicity. The present studies were designed to see whether a similar
macrophage response is observed in humans exposed experimentally
to ozone. Subjects (48 healthy men and women, 18-40 yr) are exposed
to clean air and to 0.2 ppm ozone two weeks apart in a randomized
controlled crossover design. During exposures subjects perform mild
to moderate exercise. Subjects are screened for the ability to produce
sputum and, using the screening sputum as a baseline for comparison,
sputum is induced 24, 48 or 72 h after each exposure. Mucus plugs are
manually selected, weighed, and incubated (15 min, RT) in 0.1% dithiothreitol. After cell counting and analysis of viability and differentials,
recovered cells are analyzed by flow cytometry for expression of CD14
and CCR2, markers of proinflammatory macrophages, and CD16, CD163,
and CD206, markers of resident and anti-inflammatory macrophages.
Results from 24 h post exposure have been highly consistent in 4 subjects run thus far. In these subjects, two viable macrophage subpopulations were identified based on light scatter: a smaller less dense population and a larger more dense population. Baseline analysis of these
subpopulations showed that 80-90% of the cells expressed CD16; this
was largely unchanged following air or ozone exposure. At baseline, the
population of smaller cells also expressed CCR2 (~25%), while the larger
population expressed CD163 (~50%) and CD206 (~60%). Following
ozone exposure, a 2-fold increase in CCR2 expression, when compared
to air exposure, was observed in both the small and large macrophage
subpopulations; a 2-fold increase in CD14 was also noted in the smaller
population, along with smaller increases in CD163 and CD206. In contrast, no changes in marker expression were noted in the population of
larger macrophages. These data demonstrate that multiple populations
of macrophages respond to ozone; moreover, these cells consist mainly
of a small proinflammatory macrophage subpopulation, which we speculate contributes to the pathogenic response to ozone. Supported by
NIH Grants ES004738 and ES005022.

1058 In Vivo Human Exposure to Ozone, Temporal
Profile of Metabolite Alterations in
Bronchioalveolar Lavage Fluid

W. Cheng3, K. E. Duncan2, R. B. Conolly3, E. D. Karoly1, and R. B.
Devlin3. 1Metabolon, Research Triangle Park, NC; 2University of
North Carolina School of Medicine, Chapel Hill, NC; and 3US EPA,
Research Triangle Park, NC.
Rational: Controlled human exposure to the oxidant air pollutant ozone
(O3) causes decrements in lung function and increased inflammation
as evidenced by neutrophil influx into the lung and increased levels
of proinflammatory cytokines in the airways. However, it is not clear
whether other biological pathways are also affected by O3. In this study
we evaluated the temporal profile of metabolite alterations in bronchioalveolar lavage fluid (BALF) following in vivo exposure to O3 to gain
greater insight into the affected metabolic pathways. Methods: Healthy
adult human volunteers were randomly exposed to filtered air (FA) and
to 0.3 ppm O3 for 2 h with intermittent exercise with a minimum of 4
weeks between exposures. Bronchoscopy was performed and BALF
obtained at 1 (n = 9) or 24 (n = 23) h post-exposure. Metabolites were
detected using ultrahigh performance liquid chromatography-tandem
mass spectroscopy by Metabolon. Ingenuity Pathway Analysis software was used for data analysis. Results: At 1 h post-exposure, a total
of 38 metabolites were significantly differentially expressed (DE) (p <
0.1) in O3-exposed compared to FA-exposed. Of these, 37 were up-regulated and 1 was down. These metabolite changes were associated
with increased glycolysis and antioxidant responses, suggesting acutephase increased energy utilization as part of the cellular response to
oxidative stress. At 24 hr post-exposure, 62 metabolites were DE (59
up and 3 down). Many of the later changes were in amino acids and
mapped to enhanced proteolysis. Changes associated with increased
lipid membrane turnover were also observed. These later-stage changes
were consistent with ongoing repair of airway tissues. Summary and
Conclusions: Roughly twice as many metabolites were differentially
expressed at 24 hr compared to 1 hr post-exposure. The changes at 1 hr
reflect responses to oxidative stress while the changes at 24 hr indicate a
broader set of responses consistent with tissue repair. These results illustrate the ability of metabolomic analysis to identify mechanistic features
of O3 toxicity (oxidative stress) and aspects of the subsequent tissue
response. Future studies could combine metabolomics with genomic
and proteomic analyses to obtain a fuller understanding of how cells
respond to O3-induced oxidative stress. This abstract does not necessarily
reflect the policy of the US EPA.

1059 CD163 Plays a Protective Role against Ozone-

Induced Pulmonary and Systemic Inflammation

S. W. Reece2, B. J. Kilburg-Basnyat2, A. L. Capen2, H. Zhu1, T. J.
McMahon1, R. M. Tighe1, and K. M. Gowdy2. 1Duke University
Medical Center, Durham, NC; and 2East Carolina University,
Greenville, NC.
Rationale: Epidemiological studies show that exposure to elevated
ambient concentrations of ozone (O3) are associated with a wide range
of adverse health outcomes, mainly pulmonary and cardiovascular. The
underling biological mechanisms mediating O3-associated adverse
health effects are unknown. CD163 is a class B scavenger receptor that
is exclusively expressed on monocytes and macrophages, where it binds
and clears hemoglobin-haptoglobin (Hb-Hp) complexes. However, little
is known about the role of CD163 in pulmonary and systemic inflammation elicited by O3 exposure. Methods: C57BL/6J (WT) and CD163-/female mice were exposed to filtered air (FA) or 1ppm O3 for 3h. BAL
and blood samples were obtained 6h or 24hr post exposure. Cell counts,
cell free hemoglobin (CFH), total protein, albumin, and cytokines were
measured in bronchoalveolar lavage fluid (BALF). Complete blood
counts (CBC), CFH, and cytokines were measured in blood. Results: After
O3 exposure, WT mice had significant increases in CFH in the BAL and
serum when compared to FA controls. In CD163-/- mice exposed to O3
there was greater pulmonary inflammation compared to WT mice as
evidenced by increased numbers of neutrophils and macrophages and
elevated levels of total protein and albumin. Additionally, CD163-/- mice
had significantly higher levels of CFH in the BALF when compared to
WT controls. Systemically, CD163-/- mice post-O3 exposure had increased
serum levels of G-CSF, IL-17A, GM-CSF, TNF-α, MIP-2, IL-6, and MCP-1.
Increased numbers of neutrophils in the blood and elevated levels of
CFH in serum were also observed in CD163-/- mice compared to WT
post-O3 exposure. Conclusion: This study is the first to report that O3
exposure induces increased levels of CFH in the lung and systemically.
Our findings reveal the critical protective role of CD163 in pulmonary
and systemic inflammation after O3 exposure by aiding in the clearance
of CFH. Taken together, CD163 may be a potential therapeutic target to
treat lung injury induced by environmental pollutants such as O3.
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1056 Incorporation of Human Relevant Metabolism

1060 Basal Expression Predicts Ozone-Induced

Pro-Inflammatory Response in GSTM1-Null
Individuals

H. J. Smith1, E. C. Bowers1, L. A. Dailey2, and S. D. McCullough2.
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and
2US EPA, Chapel Hill, NC.
Air pollution exposure causes increased cardiopulmonary morbidity and
mortality and has been linked to the deaths of 7 million people every year
by the World Health Organization. Approximately 40% of the population
lack expression of the antioxidant enzyme glutathione S-transferase mu
1 (GSTM1) due to a genetic polymorphism. These GSTM1-null individuals are more susceptible to experiencing exposure-induced adverse
health effects; however, individuals within the null population exhibit
a range in the magnitude of their inflammatory and oxidative stress
responses to toxicant exposure. Despite its prevalence and penetrance,
the mechanisms underlying the differential susceptibility in GSTM1-null
individuals have not been well explained and thus we are unable to
effectively predict their magnitude of exposure response. We hypothesized that the relationship between basal and induced expression of
exposure-responsive genes would vary between GSTM1-null and sufficient individuals. To test this hypothesis, we exposed fully-differentiated primary bronchial epithelial cells from a panel of GSTM1 null and
sufficient human donors to either filtered air or the model oxidant pollutant ozone in an air-liquid interface culture model. We quantified both
basal and induced expression of the ozone-responsive genes IL-8, IL-6,
COX-2 and HMOX-1 and analyzed induced expression as a function of
basal expression. In doing so we determined that the basal and induced
expression of IL-8 (R2=0.998), COX-2 (R2=0.812), and HMOX1 (R2=0.615)
were strongly correlated in GSTM1 null donors, but not in GSTM1 sufficient donors. While neither GSTM1 genotype nor basal expression
alone is sufficient to predict ozone-induced gene expression alone, we
demonstrate that the use of the use of both parameters may predict the
induced expression of certain ozone-responsive genes. As a result, our
findings suggest that these readily obtainable data may predict individuals that will be more responsive to oxidative and pro-inflammatory
stress induced by exposure to ozone, and potentially other toxicants.
Predicting variability in the response of known susceptible individuals
to toxicant exposures will promote public health by facilitating the
enhanced protection of at-risk populations.
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1061 Ozone-Derived Oxysterol-Protein Adducts
Modify NLRP2 in Airway Epithelial Cells

A. M. Speen1, H.-Y. Kim2, P. Clapp1, J. R. Hoffman1, N. Porter2, and I.
Jaspers1. 1University of North Carolina at Chapel Hill, Chapel Hill,
NC; and 2Vanderbilt University, Nashville, TN.
Despite the wealth of studies examining the adverse health effects of
ozone (O3) exposure and its association with increased airway inflammation, the mechanisms underlying these responses present a knowledge
gap. We have previously shown that exposure to O3 results in the formation of electrophilic lipid peroxidation products in humans in vivo and
human airway epithelial cells in vitro, notably through the oxidation of
cholesterol in the airway lining fluid. The O3-derived electrophilic oxysterols include secosterol A (SecoA), which is capable of forming covalent linkages with nucleophilic centers of proteins, particularly lysine
residues, thus altering cellular signaling pathways. Much remains to be
learned about the identity of the reactive species, the range of potential proteins modified by the oxysterols in the lung, and the biological
consequences. Using 2D LC-MS/MS shotgun proteomics screens, we
have generated a database of oxysterol-adducted proteins in airway
epithelial cells treated with purified SecoA. Among the oxysterol-adducted proteins was NLR Family, Pyrin Domain Containing 2 (NLRP2),
which is adducted by SecoA at a lysine residue within the leucine-rich
repeat (LRR) domain. Previous studies have shown that modification
of the LRR domain in other NLRP’s results in inflammasome activation
in the absence of an external stimulus. Similar to other NLRPs, NLRP2
can form inflammasome complexes and is highly expressed in airway
epithelial cells. Our data show that exposure of human bronchial epithelial cells to O3 increases NLRP2 expression, active caspase-1 levels,
and markers of inflammasome assembly, suggesting that NLRP2 inflammasome complexes play important roles in airway epithelial cells and
more specifically in the context of O3 exposure and oxysterol formation.
Taken together, these data indicate that O3-derived oxysterols can form
adducts with NLRP2 and that this modification may mediate O3-induced
activation of an NLRP2-inflammasome complex in airway epithelial cells.

1062 Priming of Allergic Sensitization and

Inflammation in Mice Due to Ozone Exposure

S. Kelada, A. Tovar, G. J. Smith, J. Thomas, and K. McFadden.
University of North Carolina at Chapel Hill, Chapel Hill, NC.
While it is well established that exposure to ozone can cause exacerbations of asthma, it is as yet uncertain whether exposure to ozone is associated with the development of asthma. Some epidemiologic studies
have reported that ozone exposure is associated with the development
of asthma, but the results are not universally consistent. This possible
association warrants further investigation because it could help, in
part, explain the rise in asthma incidence over the last few decades. In
rodent studies, ozone has been shown to alter the immune system by
modulating innate and acquired immune function through changes in
macrophages, CD4+ T-cells, and dendritic cells, lending biologic plausibility to the association between ozone exposure and asthma observed
in humans. We sought to gain additional insight on this process by
developing a mouse model to test the effect of prior ozone exposure
on responses to a common human allergen, namely house dust mite
(HDM) allergen. To accomplish this, we exposed female BALB/cJ mice
to 1 part per million ozone for 3 hours (vs. filtered air) and then sensitized mice with HDM allergen the following day. Two weeks later mice
were challenged with allergen and phenotyped for serum HDM-specific
IgG1, airway inflammation, and airway responsiveness to methacholine.
Compared to control mice that were exposed to filtered air followed
by vehicle (saline), mice that were exposed to filtered air followed by
HDM exhibited a modest increase in HDM-specific IgG1 and eosinophilic airway inflammation but no change in airway responsiveness to
methacholine. Ozone pre-exposure caused significantly elevated levels
of HDM-specific IgG1, and concomitantly larger numbers of eosinophils
in the airway. Likewise, airway resistance to methacholine was also significantly enhanced in the ozone-exposed mice. Our results add to the
growing body of evidence in humans and animal models documenting
that ozone can alter the immuno-biology of the lung in a manner that
favors the development of sensitization to a common human allergen,
and set the stage for further testing to identify the specific mechanisms
involved.

1063 Alterations in Pulmonary and Systemic

Specializing Pro-Resolving Lipid Mediator
Production after Ozone Exposure

B. Kilburg-Basnyat1, S. W. Reece1, M. Hodge1, M. L. Armstrong2, J. L.
Hannan1, S. R. Shaikh1, and K. M. Gowdy1. 1East Carolina University,
Greenville, NC; and 2University of Colorado, Denver, CO.
Background: Ozone (O3) exposure is associated with an increase in cardiopulmonary-induced morbidity and mortality. O3 reacts with lipids
in the lung to generate oxidized products that may induce pulmonary
and systemic inflammation. Specialized pro-resolving mediators (SPMs)
are produced in tissue to support resolution of the immune response.
The role of SPMs in O3-induced cardiopulmonary inflammation is
unknown. We hypothesize that O3 exposure induces pulmonary and
systemic inflammation causing a reduction in SPMs which are critical
to resolve the O3-induced pulmonary and cardiovascular inflammation.
Methods: C57Bl/6J male mice were exposed to filtered air (FA) or 1 ppm
O3 for 3h and necropsied 24h post-exposure. Pulmonary and systemic
inflammation was determined by bronchoalveolar lavage, cytokine
production, and cellular differentials. Lung and spleen SPM concentrations were quantified by liquid chromatography-mass spectrometry
(LC-MS). Vascular function was assessed in naïve mice aortas incubated
in 1% plasma from O3 or FA exposed mice. Contractile responses were
assessed to phenylephrine (PE; 10-9-10-5M) and acetylcholine (ACh, 10-910-5M). Results: 24h post-O3 exposure pulmonary inflammation was significantly increased with pulmonary neutrophilia and protein production in BAL. Aortas had greater PE-induced contractions with O3 plasma
compared to FA plasma. There were significant decreases in lipid mediators in O3 exposed mice. In the lungs, there were significant decreases
of 14 (15)-EET, 8 (9)-EET, 8-iso-PGF2a, 8-iso-15R-PGF2a, TXA2, and PGF2.
Spleen levels of 12 S-HETE, 14 HDHA and 17 HDHA were decreased.
PDX, 15S-HETE, and 11(12)-EET were significantly decreased in both.
Conclusions: The results indicate that O3 exposure modulates the lipidome. O3 induced decreases of SPM and lipid mediator levels may contribute to pulmonary and cardiovascular inflammation and dysfunction.
Future studies will elucidate if SPM replacement restores function and
decreases pulmonary and systemic inflammation. SPM replacement
may be a novel therapeutic for O3-induced injury.

Ozone-Induced Lung Injury and Inflammation in
Long Evans Male and Female Rat Offspring

U. P. Kodavanti2, S. J. Snow2, P. M. Phillips2, M. C. Schladweiler2,
A. F. Johnstone2, A. D. Ledbetter2, C. N. Miller2, A. Henriquez1, J.
E. Richards2, and C. J. Gordon2. 1University of North Carolina at
Chapel Hill, Chapel Hill, NC; and 2US EPA, Research Triangle Park,
NC.
There is a growing interest in understanding how maternal diet can
increase the sensitivity of offspring to environmental exposures. In this
study, we examined the influence of high fat diet (HFD) during puberty,
pregnancy and lactation in Long Evans rats on the susceptibility of
male and female adult offspring to acute ozone inhalation. F0 female
rats began HFD (60% kcal from fat; Teklad-TD.06414) or control diet
(CD; 10.5% kcal from fat; Teklad-TD.08806) at post-natal day (PND) 30.
Rats were bred on PND 75 and allowed to give birth. F1 litters at PND
6 were culled to 4 males and 4 females wherever possible, and weaned
on PND 21. Offspring received respective HFD or CD until PND 35, after
which all offspring were switched to CD. At 5-6 months of age, male and
female offspring (n=9-10/group) were exposed to filtered air or 0.8 ppm
ozone (4h/day) for 2 days. Systemic metabolites, plethysmography, and
bronchoalveolar lavage fluid markers of lung injury/inflammation were
assessed within 3 hr post-exposure. Maternal obesity failed to induce
changes in offspring weight; however, male offspring were heavier than
their age-matched female counterparts. In air-exposed animals, no sex
or maternal diet-related differences were apparent in indicators of lung
injury/inflammation or plethysmography measures; however, circulating
triglycerides were 3-4 times higher in female offspring when compared
to males regardless of maternal diet. Ozone-induced hyperglycemia and
glucose intolerance were markedly enhanced in males but females were
less affected; no significant maternal diet influence was observed. No
significant ozone effects were observed in circulating cholesterols and
triglycerides in any sex or dietary groups. Ozone-induced changes in
breathing parameters and lung injury/inflammation occurred in both
sexes, however, effects were more pronounced in males than in females.
In general, ozone-induced lung neutrophilic inflammation, protein
leakage and cell injury markers were more affected in male offspring
from HFD dams when compared to those from CD dams; this maternal
diet influence on ozone sensitivity was minimal in females. These data
may suggest that maternal HFD exacerbate ozone-induced lung injury/
inflammation in adult male offspring. (Does not reflect the US EPA policy)

1065 Stressed Lungs: Unveiling the Role of Circulating
Stress Hormones in Ozone-Induced Lung Injury
and Inflammation

A. R. Henriquez1, S. J. Snow2, D. Miller2, A. D. Ledbetter2, J. E.
Richards2, and U. P. Kodavanti2. 1University of North Carolina at
Chapel Hill, Chapel Hill, NC; and 2US EPA, Research Triangle Park,
NC.
Our recent work demonstrated that circulating stress hormones, epinephrine and corticosterone/cortisol, are involved in mediating ozone
pulmonary effects through the activation of hypothalamus-pituitary-adrenal (HPA) axis. Adrenalectomy in Wistar Kyoto (WKY) rats diminished
circulating stress hormones, and prevented ozone-induced glucose
intolerance and respiratory effects suggesting a pivotal role of these
hormones in pulmonary and systemic effects following ozone exposure.
In our first experiment, we retrospectively sequenced mRNA of lungs
from sham surgery (SHAM) and adrenalectomized (ADREX) WKY rats
exposed to air or ozone (1 ppm) 4h/day for 1 or 2 days. Ozone led to
upregulation of corticosterone-responsive genes and pathways known
to be induced by ozone such as acute phase response, NRF2-mediated
oxidative stress and PI3-AKT in SHAM but not ADREX rats. In a follow up
study, we tested the role of adrenergic and steroid receptors in mediating systemic and pulmonary effects of ozone through release of stress
hormones. Male 12-week old WKY rats were pretreated daily (6 days
prior to and during exposure) with respective vehicles, mifepristone
(MF; a glucocorticoid receptor [GR] antagonist, 30 mg/kg, s.c.), propranolol (PR; an α/β adrenergic receptor [AR] antagonist, 10 mg/kg, i.p.), or
both drugs (MF+PR). After treatment, rats were exposed to air or ozone
(0.8 ppm) 4h/day for 1 or 2 days. GR blocking by MF treatment resulted
in the decrease of ozone-induced vascular leakage and macrophage
activation in the lungs, while systemically prevented white blood cell
depletion and glucose intolerance. α/β AR blocking by PR treatment
promoted the reduction of ozone-induced neutrophilia and vascular
leakage in the lungs as well as hyperglycemia. MF+PR prevented all of
the aforementioned ozone-induced responses, suggesting that epinephrine and corticosterone release mediate specific and sometimes
overlapping responses, but synergistically regulate pulmonary and
systemic effects induced by ozone. In conclusion, the stress hormones

released after ozone exposure modulate not only systemic but also pulmonary injury/inflammation effects through adrenergic and glucocorticoid receptors. These studies bring forth a new perspective to the mechanisms of inhaled pollutant-induced health effects. (Does not reflect the
US EPA policy)

1066 Tracing Androgen Metabolism with Inhibition of
Aromatase in Breast Cancer: In Vitro Studies and
Clinical Correlates

L. N. Bottalico3,2,, C. Mesaros3,2,, D. Ciccimaro3,2,, N. Snyder1, and I.
A. Blair3,2,. 1Drexel University, Philadelphia, PA; 2NIEHS Center of
Excellence in Environmental Toxicology, Philadelphia, PA; and
3University of Pennsylvania, Philadelphia, PA. Sponsor: J. Dillman.
Inhibition of aromatase in breast cancer has proven to be a remarkably
effective therapeutic strategy to combat estrogen receptor (ER) positive breast cancers. The enzyme aromatase (CYP19A1) catalyzes the
conversion of androgens to estrogens, and this conversion constitutes
the primary source of estrogens in women after menopause. Aromatase
inhibitors (AI) are a first line of therapy against ER-positive breast cancer,
but acquired resistance is a significant problem. While the hallmark of
acquired resistance is considered to be activation of growth signaling
pathways capable of driving proliferation independent of ER, little is
known about changes in estrogen or androgen metabolism that may
occur locally to help the breast tumor adapt to growth in an estrogen-depleted environment. This study aims to investigate androgen
metabolism and estrogen formation from androgen precursors in
in vitro models of aromatase inhibitor therapy and resistance. LC-MS
methods developed in the Blair laboratory allow sensitive quantification
of a panel of estrogen and androgen metabolites in human biological
samples. This study represents an application of these methods to trace
metabolism of 4-androstenedione and testosterone with and without
inhibition of aromatase. Cell models include MCF-7Aro, an ER+ MCF-7
cell line in which aromatase is overexpressed and LTED-Aro, a derivative of MCF-7Aro which has adapted to growth in the absence of estradiol and is a model of late-stage endocrine therapy resistance. LC-MS
studies demonstrate that among the third-generation AI, letrozole
is consistently found to have the greatest potency for inhibiting aromatase in vitro. In MCF-7Aro, altered metabolism of 4-androstenedione
is observed in the presence of AI. LTEDAro is observed to have enhanced
aromatase activity, to the extent that testosterone and 4-androstenedione continue to be metabolized in the presence of AI. Current work is
aimed at quantifying estrogens and androgens in serum of women on AI
to trace individual therapeutic response.

1067 Synthesis of a Novel Non-Diuretic, Brain-

Penetrating, Ethacrynic Acid Analog, and
Demonstration of Its Potent Efficacy in
Orthotopic Glioblastoma (GBM) Models

H. R. Madala, S. R. Punganuru, and S. Kalkunte. Texas Tech
University Health Sciences Center, Amarillo, TX.
The incidence of pediatric and adult brain tumors has continued to rise
in the USA and the alkylating agent temozolomide has remained the
sole choice in the chemotherapy of these lethal malignancies. Therefore,
there is a very urgent need to design new, more effective brain-penetrating drugs that can significantly advance the survival brain tumor
patients. We are highly interested in exploiting the elevated oxidative
stress present in gliomas and have synthesized a hydrophobic, non-diuretic analog of ethacrynic acid (EA) called KSS72 by removing the carboxylate side chain. KSS72 was selectively cytotoxic to cancer cells and
pharmacokinetics following intravenous or oral administrations in mice
showed its excellent penetrance through the blood-brain-barrier, accumulating at levels equivalent to (TMZ) in the brain. In vitro assays measuring protein carbonyl content, GSH content, ROS generation, GSTpi
enzyme activity and others showed that KSS72 triggers a redox imbalance by inhibiting GSTpi and by lowering the antioxidant (GSH) and
reducing equivalent (NADPH) levels, leading to a significant elevation of
ROS levels. We also showed the upregulation of endoplasmic reticulum
(ER) stress-responsive proteins, activation of MAPK, autophagy and
apoptotic pathways by KSS72 in several cell lines. In view of its excellent brain penetrance and multiple cytocidal events mediated by ROS,
we tested the antitumor efficacy of KSS72 in human GBM cell lines and
intracranial GBM xenografts. SF-188 human GBM cells expressing firefly
luciferase were injected into the brain just left of bregma for the development of orthotopic GBM in nude mice. These mice were given 25 mg/
kg/day of KSS72 intraperitoneally for 2 weeks. The animals when imaged
by IVIS after luciferin injections showed a complete lack of intracranial
tumors in all KSS72 administered animals. H&E staining of mouse brain
sections confirmed the total elimination of GBM by KSS72. KSS72 did not
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1064 The Influence of Maternal High Fat Diet on

exert any toxicity on host tissues and serum ALT and AST levels were
not altered. In summary, we conclude that KSS72 acting through multiple pathways of oxidative stress is a hugely promising non-toxic antiglioma drug with potential to enter clinical trials. (Supported by CPRIT
grant RP130266 to KSS)

1068 PPARs Modulate Vitamin D-Dependent

Signaling and Proliferation in Human Malignant
Melanoma

M. Burke1, B. E. Shannon1, J. M. Peters2, M. G. Borland1, and E. M.
Kehres1. 1Bloomsburg University of Pennsylvania, Bloomsburg, PA;
and 2Pennsylvania State University, University Park, PA.
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Recent evidence suggests that peroxisome proliferator-activated
receptors (PPARs) can influence cell proliferation and tumorigenesis
in non-melanoma and melanoma skin cancers. In particular, over-expression and/or ligand activation of PPARβ/δ or PPARγ can inhibit cell
proliferation, clonal expansion, and ectopic xenograft growth in several
models. The present study examined whether the PPARs modulates the
known anti-proliferative effects of vitamin D receptor (VDR) activation
by calcitriol in human malignant melanoma cells. To discern between
ligand-dependent and ligand-independent events, a stable cell line
model of PPAR over-expression in the UACC903 human malignant
melanoma cells was utilized. Melanoma cells over-expressing PPARβ/δ
were more sensitive to anti-proliferative effects of calcitriol and only
this cell line exhibited reduced clonal expansion. Surprisingly, the
inducibility of the VDR target gene cytochrome P450 24A1 (CYP24A1)
in response to calcitriol was significantly reduced only in cells over-expressing PPARβ/δ. These phenomena were further investigated using
isoform-specific PPAR agonists and antagonists. It was observed that the
combined administration of calcitriol and PPAR agonists reduced clonal
expansion beyond that of calcitriol alone, and this effect can be reversed
with administration of a PPAR antagonist. In addition to the PPARβ/δ
ligand-independent effects on the VDR transcriptional pathway, combined administration of PPAR agonists with calcitriol enhanced CYP24A1
expression in cells over-expressing PPARβ/δ or PPARγ. Similarly, these
changes were reversed by administration of an antagonist. Collectively,
these studies demonstrate an interaction between the PPAR and VDR
signaling pathways that modulates cell proliferation and clonal expansion that could be utilized in future malignant melanoma therapies.
Further studies are thereby needed to elucidate the molecular mechanisms mediating these nuclear receptor interaction.

1070 Regulation of Long Noncoding RNAs by

PPARA and Their Role in Agonist-Induced Cell
Proliferation

C. Brocker2, T. Melia1, D. Kim2, J. A. Bonzo2, D. J. Waxman1, and F. J.
Gonzalez2. 1Boston University, Boston, MA; and 2National Cancer
Institute, Bethesda, MD.
Peroxisome proliferator-activated receptor alpha (PPARA) is a ligand-activated transcription factor and key mediator of lipid homeostasis. Many
PPARA agonists are non-genotoxic carcinogens, and chronic exposure
causes hepatocellular carcinoma in rodents, but these proliferative
effects are not observed in humans. PPARA-induced carcinogenicity is
thus regarded as a species-specific event. Moreover, PPARA-humanized
mice respond to the lipid-lowering effects of PPARA activation but do not
develop cancer. As such, comparing responses in wild-type and PPARAhumanized mice is a valuable model for elucidating the mechanisms
driving carcinogenesis. Accumulating evidence shows that long noncoding RNAs (lncRNAs) can act as oncogenes by promoting proliferation
via the regulation of chromatin states and gene expression. No studies
have addressed lncRNA regulation by PPARA or lncRNA contribution
to PPARA-induced carcinogenesis. Because lncRNAs act as oncogenes,
we hypothesized that PPARA directly regulates lncRNA expression, and
that differential regulation between wild-type and PPARA-humanized
mice contributes to species-specific carcinogenesis. To elucidate PPARA
regulation of lncRNAs, RNAseq was performed on livers from mice
treated with the PPARA agonist WY14643. We identified 246 and 202
lncRNAs that were significantly up and down regulated, respectively,
after treatment. lncRNA regulation was dependent on PPARA, as shown
using PPARA-null mice, and was largely absent in PPARA-humanized
mice. PPARA-regulated lncRNAs were primarily liver-specific intergenic
transcripts with expression uncorrelated with that of neighboring
protein-coding genes, indicating that these lncRNAs are expressed as
independent transcriptional units. PPARA-induced changes in the eight
most differentially regulated lncRNAs were confirmed by qRT-PCR.
Monitoring a 24hr time course of WY14643 treatment showed lncRNA
induction paralleled that of protein-coding genes. PPARA response
elements within lncRNA promoters were identified and direct PPARA
binding was confirmed by reporter assays and ChIP studies. Thus, many
hepatic lncRNAs are directly regulated by PPARA, with non-genotoxic
carcinogen-induced lncRNA induction and repression both attenuated
in a non-proliferative PPARA-humanized mouse model, supporting a
role for lncRNAs in cell proliferation and carcinogenesis.

SOT 2017 Annual Meeting

1071 A Novel Role for Sma-rl71 Nanomicelles in
1069 Chromium-Induced Carcinogenesis: A Study of
Mitochondrial Copy Number Variation

C.
H. Maldonado-Perez1, and B. Lemos1. 1Harvard T.H.
Chan School of Public Health, Boston, MA; and 2Johns Hopkins
University, Baltimore, MD.
Villasante2,1,,

Introduction: Chromium (Cr) is a known carcinogen and occupational
health hazard. Exposed populations display higher rates of lung cancer
than non-exposed reference groups. While the carcinogenic effects of
hexavalent chromium exposure have been broadly documented, mechanisms have remained uncertain. We studied the impact of chromium
exposure on mitochondrial DNA (mtDNA) copy number (CN) in a human
cell model. Copy number variations (CNV) are a type of genomic modification in which the number count of certain genes are either increased
or decreased, and CNVs can convey an indication as to whether epigenetic changes are occurring. Methods: We established BEAS-2B cell lines,
which are human bronchial epithelial squamous cells that allowed us to
model the effects of Cr on the surface of the lung. We dosed BEAS-2B
cells with Cr(VI) at five different doses (0, 0.125, 0.25, 0.5, 1.0, and 2.0
μM) for 24 hours to simulate chronic exposure. The chromium was then
removed and the cells cultured in DMEM media supplemented with 10%
FBS. mtDNA CN was assessed with a combination of qPCR and digital
PCR targeting the mitochondrial gene COX1. Results: First, we built
dose-response curves with Cr(VI) exposure in the 0 μM to 2 μM range.
The observations confirmed that 0.5 μM is the optimal dose of Cr(VI)
with which to induce anchorage independent growth (AIG). Higher
doses were overtly toxic, whereas smaller doses resulted in lowered AIG.
Furthermore, we analyzed the mtDNA CN at 1 week and 2 weeks post
Cr(VI) exposure. At week 1, mtDNA CN of the 0 μM and 0.5 μM dosed
cells were not significantly different, but at week 2, the mtDNA CN of the
0.5 μM dosed cells was significantly lower (p = 0.048) than the mtDNA
CN of the cells not exposed to Cr(VI). Conclusions: These preliminary
results suggest that mtDNA might be altered in upon exposure to Cr(VI).
These observations as well as others suggest that chromium-induced
carcinogenesis is mediated by both genetic and epigenetic mechanisms. Studies integrating analysis of genomic CN, mRNA profiles, and
genome-wide methylation might help clarify the links between chromium exposure and mtDNA CN.

the Suppression of Tumor Growth in a Triple
Negative Breast Cancer Xenograft Model

O. N. Martey, M. Nimick, S. Taurin, K. Greish, and R. J. Rosengren.
University of Otago, Denedin, New Zealand.
Treatment options for triple negative breast cancer (TNBC) remain the
anthracycline-taxane based combinations. The development of safe
novel and efficacious chemotherapeutics with multiple targets for the
treatment of TNBC has not been realised. RL71 (3, 5-bis (3, 4, 5-trimethoxybenzylidene)-1-methylpiperidine-4-one) is a cytotoxic second
generation curcumin analogue with an IC50 of 0.76 µM in triple negative MDA-MB-231 cells and its mechanism of anticancer effect had
been demonstrated in vitro. However, RL71 was ineffective in the suppression of tumor growth in vivo. Herein, we demonstrate the ability
of RL71 encapsulated in styrene maleic acid (SMA-RL71, 10 mg/kg) as
nanomicelles to suppress tumor growth in an MDA-MB-231 mouse
xenograft model. The tumor volume and body weight of mice were
monitored throughout drug administration, which was via the tail
vain twice a week for 24 days. Serum alanine aminotransferase activity
and creatinine levels were measured at the end of treatment period.
In order to understand the molecular mechanism on the suppression
of tumor growth, immunohistochemistry and western blot analysis on
the tumor tissues were investigated. The results showed that, SMA-RL71
suppressed tumor growth by 67% compared to control with no signs of
adverse events. A significant interaction between the drug effect and
duration of treatment was also observed (F (14, 240) = 2.4, p = 0.003)
following two-way ANOVA analysis. In investigating the molecular
mechanism of the effect of SMA-RL71 (10 mg/kg), immunohistochemical evaluation of angiogenesis by endoglin (CD105) and apoptosis by
TUNEL staining in tumor tissues showed a significant 26% decrease in
microvesel density and 24% increase in positive apoptotic cells, respectively. Following western blot analysis, significant (p < 0.05) activation
of cleaved caspase-3, down-regulation of epidermal growth factor
receptor (EGFR) and β-catenin were observed. Furthermore, phosphorylation of protein kinase B (AKT), mammalian target of rapamycin (mTOR)
and 4E-binding protein-1 (4EBP1) in the SMA-RL71 treatment group

1072 The Effects of Pyroxasulfone on the Urinary
Bladder of Male Rats

Kyoya1,

T.
L. L. Arnold3, K. L. Pennington3, M. Terada1, K. Takama1, J.
L. Camargo2, K. Abe1, and S. M. Cohen3. 1Kumiai Chemical Industry
Co., Ltd., Shizuoka & Tokyo, Japan; 2Sao Paulo State University,
Botucatu, Brazil; and 3University of Nebraska Medical Center,
Omaha, NE.
Pyroxasulfone is a herbicide which produced a low incidence of urinary
bladder tumors in male rats in a two year bioassay at the high dose,
which were occasionally associated with urinary calculi. No increased
incidence of tumors of any tissue occurred in female rats or in male or
female mice. We performed short term studies to evaluate the early
development of urinary crystals and urothelial cytotoxicity and regenerative proliferation by administering pyroxasulfone at 20,000 ppm in
the diet for one week to male Sprague-Dawley rats. Urine was collected
at various times of the day for examination for the presence of crystals by light microscopy (LM) and scanning electron microscopy (SEM).
Bladders were examined by LM and SEM. Urothelial hypertrophy and
hyperplasia were present after one week of administration by LM. By
SEM, the urothelium showed cellular swelling and focal areas of necrosis
and exfoliation (cytotoxicity), with focal piling up of cells (hyperplasia).
The urine showed evidence of crystals at various time points, and some
of these contained calcium as demonstrated by energy dispersive X-ray
spectroscopy and confirmed by infrared spectroscopy. Crystals were not
consistently present, indicative of intermittent formation. These findings
support a mode of action for pyroxasulfone-associated bladder tumors
in male rats involving formation of urinary crystals leading to urothelial
cytotoxicity and regenerative proliferation. This is a high dose phenomenon and is not expected to be predictive of a cancer risk for humans.

1073 Mitochondrial DNA Quadruplexes As Novel
Targets for Antitumor Drug Design

N. L. Smith, M. J. Weaver, N. S. Duncan, N. R. Natale, H. D. Beall, and
S. Stump. University of Montana, Missoula, MT.
Mitochondria are responsible for the vast majority of energy metabolism in healthy cells. Mutations in mitochondrial DNA (mtDNA) can also
be linked to a wide range of diseases including cancer. Targeting mitochondria for treatment of cancer is an emerging strategy as a route to
development of more selective therapies. One such strategy involves
induction of apoptosis through disrupting transcription and/or replication of mtDNA. Recently it has been shown that quadruplex secondary
structures form in mtDNA and are involved in both transcription and
replication. The goal of this project is to characterize the mechanism of
action of a novel class of quadruplex-targeted antitumor compounds,
the anthracenyl isoxazole amides (AIMs). We have shown the AIMs
inhibit the growth of SNB-19 glioblastoma cells at nanomolar concentrations (10’BiPhenOxy IC50 = 0.61µM). In addition, our previous data suggests the AIMs accumulate in mitochondria of SNB-19 cells and induce
mitochondrial dependent apoptosis. Our current working hypothesis
is that the antitumor activity of the AIMs is occurring through disruption of mitochondrial genome homeostasis, leading to increased levels
of ROS, cytochrome c release, and induction of the intrinsic apoptosis
pathway. Circular dichroism (CD) and x-ray crystallography are being
used to elucidate the three-dimensional structure of quadruplex targets
found in mtDNA and to characterize their interactions with the AIMs.
CD melting of an antiparallel quadruplex found in the promoter of the
COX I gene showed no significant interaction, in contrast to our previous
study demonstrating stabilization of a parallel quadruplex-forming
sequence by the AIMs. Preliminary crystals of a parallel DNA:RNA hybrid
quadruplex formed in the CSB II region of mtDNA have been successfully grown in the presence and absence of the AIMs, and optimization
of the growth conditions in underway. Changes in mtDNA replication,
repair and damage following treatment with the AIMs is being measured using quantitative PCR. Our preliminary data indicates the AIMs
cause an increase in mtDNA damage at the 6- and 12-hour time points.
This project aims to elucidate structures involved in mtDNA transcription and replication and to evaluate mtDNA quadruplexes as potential
therapeutic targets for cancer and mitochondrial diseases.

1074 Covalent Binding of 7,9-Disubstituted

(±)-6,7-Dihydro-7-Hydroxy-1-Hydroxymethyl5H-Pyrrolizine (DHP) to Nucleic Acids, and
Cellular DNA

P. P. Fu3, X. He3, Q. Xia3, S. Chen1, and T.-Y. Wong2. 1Lycera, Ann
Arbor, MI; 2University of Memphis, Memphis, TN; and 3US FDA/
NCTR, Jefferson, AR. Sponsor: L. Guo.
Some pyrrolizidine alkaloids (PAs) are liver carcinogens. Both 7-glutathione-DHP and 7,9-Di-glutathione-DHP are metabolites formed in
vivo. We previously determined that 7-glutathione-DHP can bind to
cellular DNA in HepG2 cells to form a set of (±)-6,7-dihydro-7-hydroxy1-hydroxymethyl-5H-pyrrolizine (DHP)-derived DNA adducts, designated as DHP-dG-3, DHP-dG-4, DHP-dA-3, and DHP-dA-4, potentially
leading to liver tumor formation. In this study, we examined the covalent binding of 7,9-di-glutathione-DHP and three related 7,9-disubstituted-DHPs, 7,9-di-cysteine-DHP, 7,9-di-N-acetylcysteine-DHP, and
7,9-di-ethoxy-DHP to cellular DNA incubated with HepG2 cells for 24
h. 7,9-Di-ethoxy-DHP has an oxygen linkage at both the C7 and C9
positions of DHP, while the other 7,9-disubstituted-DHPs have a sulfur
linkage at both sites. By LC/MS SRM mode analysis, it was found that
7,9-di-ethoxy-DHP produced the identical four above-described
DHP-DNA adducts. Reaction of 7,9-di-ethoxy-DHP with 2’-deoxyguanonsine (dG) formed DHP-dG-3 and DHP-dG-4 adducts. However, the
other three 7,9-disubstituted-DHPs did not form these adducts in the
treated HepG2 cell or from the reaction with dG. These results indicate
that: (i) 7,9-di-ethoxy-DHP can bind to DNA in HepG2 cells to form a set
of DHP-dG and DHP-dA adducts; and (ii) the protein-protein cross links
of PAs with sulfur-linking at both sites are biologically more stable than
those with oxygen-linking. These results also suggest that some protein-protein cross links of PAs can bind to cellular DNA in vivo and potentially initiate liver tumor formation. (This article is not an official guidance
or policy statement of the US FDA. No official support or endorsement by the
US FDA is intended or should be inferred).

1075 1-Hydroxymethyl-7-Methoxy-6,7-Dihydro-5HPyrrolizidine (7-Methoxy-DHP) Is a Potential
Carcinogenic Metabolite of Pyrrolizidine
Alkaloids

Q. Xia, X. He, and P. P. Fu. US FDA/NCTR, Jefferson, AR. Sponsor: L.
Guo.
Pyrrolizidine alkaloid (PA)-containing plants are among the most poisonous plants affecting livestock, wildlife, and humans. PAs require metabolic activation to exert cytotoxicity, genotoxicity, and tumorigenicity.
We previously determined that the four (±)-6,7-dihydro-7-hydroxy-1hydroxymethyl-5H-pyrrolizine (DHP)-derived DNA adducts, designated
as DHP-dG-3, DHP-dG-4, DHP-dA-3, and DHP-dA-4, formed in vivo are
responsible for PA-induced liver tumor formation, and are potential
common biological biomarkers of PA exposure and carcinogenesis.
7-Methoxy-DHP was a metabolite formed from the mouse liver microsomal metabolism of senecionine. In this study, we determined that
reaction of 7-methoxy-DHP with calf thymus DNA at 37 °C for 6 days followed by enzymatic hydrolysis yielded these four DNA adducts together
with four more structural isomeric adducts, designated as DHP-dG-1,
DHP-dG-2, DHP-dA-1, and DHP-dA-2, which were also formed from the
reaction of 7-Methoxy-DHP with dG or dA. Incubation of 7-methoxy-DHP
in cultured human hepatocarcinoma HepG2 cells generated the same
DHP-dG-3, DHP-dG-4, DHP-dA-3 and DHP-dA-4 adducts, without the
detection of DHP-dG-1, DHP-dG-2, DHP-dA-1, and DHP-dA-2. These
indicate that the profile of the DHP-dG and DHP-dA adducts formation
from HepG2 cells is identical to that formed in vivo. Thus, our overall
results suggest that 7-methoxy-DHP is a reactive pyrrolic metabolite of
PAs that can bind to cellular DNA to form DHP-dG and DHP-dA adducts
in HepG2 cells, and could potentially initiate liver tumor formation in
vivo. (This article is not an official guidance or policy statement of the US
FDA. No official support or endorsement by the US FDA is intended or should
be inferred).

1076 1-Formyl-7-hydroxy-6,7-dihydro-5H-pyrrolizine:
A Commonly Formed Reactive Pyrrolic
Metabolite of Pyrrolizidine Alkaloids

X. He. US FDA/NCTR, Jefferson, AR. Sponsor: L. Guo.
Pyrrolizidine alkaloids (PAs) are cytotoxic, genotoxic, and carcinogenic
phytochemicals. PAs require metabolic activation to generate the
reactive primary pyrrolic metabolites, dehydro-PAs, and (±)-6,7-dihydro-7-hydroxy-1-hydroxymethyl-5H-pyrrolizine (DHP) to exert their
cytotoxicity and tumorigenicity. Although 1-formyl-7-hydroxy-6,7-dihy-
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were significantly decreased (p < 0.05) possibly due to down-regulation
of serum glucocorticoid-regulated kinsse 3 (SGK-3) and phosphoinositide phosphatase (INPP4B) in the SMA-RL71 treated group compared to
control. SMA-RL71 has therefore showed multiple molecular targets in
the treatment on TNBC.

dro-5H-pyrrolizine (9-CHO-DHP) has been identified as a pyrrolic metabolite from metabolism of senecionine and monocrotaline, its metabolic
formation and biological activities are not known. In this study, we determined that 9-CHO-DHP was generated from the human, rat, and mouse
liver microsomal metabolism of a series of carcinogenic PAs, including
the retronecine-type PAs (senecionine, monocrotaline, riddelliine, and
intermedine), heliotridine-type PAs (lasciocarpine and heliotrine), and
the otonecine-type PA (senkirkine). We found that 9-CHO-DHP was metabolically formed from the further metabolism of DHR (an enantiomer
of the DHP metabolite), and the metabolism was catalyzed by human,
rat, and mouse microsomal enzymes, cytochrome P450 2E1, and P450
3A4 enzymes. In cultured HepG2 cells, 9-CHO-DHP produced 8-OHdG
adduct in a dose response manner, determined using both the OxyDNA
assay and the flow cytometry assay. When dosed at 100 and 200 µM,
the levels of 8-OHdG adduct formation by 9-CHO-DHP were slightly
higher than those by DHR, dehydroriddelliine, dehydromonocrotaline,
and 7-glutathione-DHP. These results indicate that 9-CHO-DHP is a commonly formed reactive pyrrolic metabolite of PAs capable of inducing
lipid peroxidation in cultured HepG2 cells; and potentially can induce
cancer in rodents through an epigenetic mechanism. (This article is not
an official guidance or policy statement of the US FDA. No official support or
endorsement by the US FDA is intended or should be inferred).

opposing way in response to chronic low dose monomethylarsonous
acid (MMAIII), which apparently in line with MMAIII-induced cellular
malignant transformation. In these studies, we created landscapes of
the genome-wide chromatin accessibility, and the binding patterns of
H3K18ac and H4K8ac with gene regulatory regions across genome, two
representative histone marks altered oppositely with MMAIII exposure,
utilizing high-throughput sequencing technologies, i.e., ATAC-seq,
ChiP-seq and RNA-seq. Perturbations of the H3K18ac and H4K8ac levels
by MMAIII altered their binding patterns at promoter-specific regions of
large number genes across the genome, indicating an opposing role
of histone H3- and H4-acetylation in the regulation of transcriptional
activity and nucleosome structure in response to MMAIII exposure.
Moreover, the changes of chromatic accessibility and binding pattern
of H3K18ac and H4K8ac with genomic regions were coordinated with
changes of gene expression and gene networks. Lastly, multiple identified upstream regulators of gene networks, which are known for their
functions in tumor development and progression, were altered the most
significantly and remained during the critical window of MMAIII-induced
UROtsa cells transition from a reversible state to an irreversible malignant transformation. In summary, our studies provide new evidence for
the involvement of histone acetylation alteration in the arsenic-mediated pathological changes, which coupled with chromatin accessibility
alterations, leading to expression changes of key regulatory genes and
the cellular malignant transformation.

1077 Metabolites of Butylparaben and Iso-

Butylparaben Exhibit Estrogenic Properties

T. L. Gonzalez3, R. K. Moos2, C. L. Gersch3, M. D. Johnson1, H. M.
Koch2, and J. M. Rae3. 1Georgetown University School of Medicine,
Washington, DC, DC; 2Institute of Ruhr Universität Bochum (IPA),
Bochum, Germany; and 3University of Michigan, Ann Arbor, MI.
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Concern over environmental exposures to chemicals with estrogenic
properties has risen over the last decade. Antimicrobials such as alkyl
esters of p-hydroxybenzoic acid, or parabens, are a class of chemicals
that have garnered attention and debate given their use in consumer
products. Indeed, the detection of paraben compounds in human
urine, blood, and breast tissue has contributed to the concern over
their commercial use and fueled the discussion over the biological relevance of current human exposure levels. Recently, two metabolites
of butylparaben (BuP) and iso-butylparaben (IsoBuP) were discovered
in human urine samples. The metabolites exhibit structural similarity
to the endogenous estrogen, 17ß-estradiol. We hypothesized that
these metabolites can bind to estrogen receptor (ER) and promote
estrogen signaling. We tested this hypothesis using preclinical models
of ER-mediated cellular growth. The estrogenic activity of 3-hydroxy
n-butyl 4-hydroxybenzoate (3OH) and 2-hydroxy iso-butyl 4-hydroxybenzoate (2OH) were determined in the ER-positive, estrogen-dependent breast cancer lines (MCF-7 and T47D). Cells were treated with 3OH
and 2OH for 6 days and cellular growth was measured by PrestoBlue
cell viability assays. The 3OH metabolite induced ER-dependent growth
with EC50 values of 8.22 μM and 0.629 M in MCF-7 and T47D cells, respectively. The 2OH metabolite induced growth with EC50 values of 2.15 μM
and 42.5 μM in MCF-7 and T47D cells, respectively. The EC50 values for
the parental compounds, IsoBuP and BuP, were comparable to previous
reports. To confirm that 3OH and 2OH were inducing growth via ER,
MCF-7 cells were treated with the metabolites at 10 µM for four days,
followed by RNA isolation and RT-PCR of the ER-dependent GREB1 gene.
Our results show that 3OH induced GREB1 expression by 6.1-fold and
2OH by 22.5-fold over control treatment. However, BuP and IsoBuP did
not significantly induce GREB1 expression at the concentrations tested.
Anti-estrogen treatments reversed these effects. Future studies are
underway to establish whether the metabolites have a combined effect
in the presence of other paraben compounds and if the metabolites
undergo metabolic activation by cells that lead to cell proliferation.

1079 PPARs Modulate Glucocorticoid-Dependent

Signaling and Proliferation in Human Malignant
Melanoma

M. R. Drumm1, A. L. Wagner1, J. M. Peters2, E. M. Kehres1, and M. G.
Borland1. 1Bloomsburg University of Pennsylvania, Bloomsburg,
PA; and 2Pennsylvania State University, University Park, PA.
Recent evidence demonstrates that proliferator-activated receptors
(PPARs) inhibit cell proliferation and tumorigenesis in non-melanoma
and melanoma skin cancers. In particular, over-expression and/or ligand
activation of PPARβ/δ or PPARγ inhibits cell proliferation, clonal expansion, and ectopic xenograft growth in several melanoma and other
cancer models. The present study examined whether the PPARs modulate the known anti-proliferative effects of glucocorticoid receptor (GR)
activation by dexamethasone in human malignant melanoma cells. To
distinguish between ligand-dependent and ligand-independent events,
stable UACC903 human malignant melanoma cell lines were generated
that over-express PPARβ/δ or PPARγ. While administration of dexamethasone reduced cell proliferation in all cells lines, melanoma cells over-expressing PPARβ/δ were more sensitive to administration of dexamethasone. Similarly, dexamethasone only reduced clonal expansion in cells
over-expressing PPARβ/δ. Surprisingly, the GR transcriptional network,
as assessed by monitoring FK506 binding protein 5 (FKBP5) expression,
appeared unchanged by PPAR over-expression. These phenomena were
further investigated using isoform-specific PPAR agonists and antagonists. It was observed that combined administration of dexamethasone and PPAR agonists reduced clonal expansion beyond that of dexamethasone alone, and this effect was reversed by administration of a
PPAR antagonist. Combined administration of PPAR agonists with dexamethasone modulated FKBP5 expression, and these changes were also
reversed by administration of an antagonist. Collectively, these studies
describe an interaction between the PPAR and GR signaling pathways
that modulates cell proliferation and clonal expansion that could be
utilized for future malignant melanoma therapies. Further studies are
thereby needed to determine the molecular mechanisms that regulate
how these nuclear receptors interact.

1080 MiR-31-Mediated Upregulation of CDK1 in
1078 Opposing Roles of H3- and H4-Acetylation

in Genome-Wide Changes of Chromatin
Organization and Transcriptome during MMAIIIInduced Cellular Malignant Transformation

J. Zhu3, X. Chen3, Y. Ge3, J. Wang1, D. Gaile2, M. Buck1, and X.
Ren3,4,. 1Department of Biochemistry, University at Buffalo,
Buffalo, NY; 2Department of Biostatistic, University at Buffalo,
Buffalo, NY; 3Department of Epidemiology and Environmental
Health, University at Buffalo, Buffalo, NY; and 4Department of
Pharmacology and Toxicology, University at Buffalo, Buffalo, NY.
Exposure to arsenic is a significant worldwide public health concern.
Increasing evidence suggests that the disruption of epigenetic regulation, including histone modifications, likely plays an important
bio-pathologic role in arsenic-induced carcinogenesis. Recently, we
reported that the acetylation of histone H3 and H4 were altered in an

Ginkgo biloba Extract-Induced Hepatocellular
Carcinomas in B6C3F1/N Mice

H. Yamashita1,2, S. Surapureddi1, S. Bhusari1, K. R. Shockley1, S.
D. Peddada1, K. E. Gerrish1, C. V. Rider1, M. J. Hoenerhoff MJ3, R.
C. Sills1, and A. R. Pandiri1. 1NIEHS, Research Triangle Park, NC;
2Taisho Pharmaceutical Co. Ltd., Saitama, Japan; and 3University
of Michigan, Ann Arbor, MI.
Ginkgo biloba leaf extract (GBE) is used in traditional Chinese medicine
as an herbal supplement touted for improving memory. Exposure of
B6C3F1/N mice to GBE in a 2-year National Toxicology Program (NTP)
bioassay resulted in a dose-dependent increase in hepatocellular carcinomas (HCC). To identify key miRNAs that modulate GBE-induced
hepatocarcinogenesis, we have previously compared the global miRNA
expression (miRNome) in GBE-induced HCCs and spontaneous HCCs
with vehicle control age-matched normal livers from B6C3F1/N mice.
We observed 16 unique differentially expressed miRNAs in GBE-induced
HCC and 3 unique differentially expressed miRNAs in spontaneous

1081 Mechanistic Data in IARC Monographs
Evaluations

L. Benbrahim-Tallaa. IARC, Lyon Cedex 08, France.
Based on an integrated evaluation of evidence for carcinogenicity in
humans and experimental animals, and of carcinogenic mechanisms,
the IARC Monographs identify environmental factors that increase the
risk of human cancer. The volume and complexity of mechanistic evidence increasing, this can aid in identifying carcinogens when human
data are lacking. Here we review important recent evaluations that
were influenced by strong mechanistic evidence, and highlight types
of evidence most influential in classifications of cancer hazard. In 1997,
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD) was first classified in
Group 1 (carcinogenic to humans) based on sufficient evidence in animals
and mechanistic considerations, this evaluation was confirmed by sufficient evidence in exposed humans in 2012. Subsequently, the same
year, 2,3,4,7,8-pentachlorodibenzofuran and 3,3',4,4',5-pentachlorobiphenyl were classified in Group 1 solely on the basis of similarity to
TCDD, being carcinogenic in animals via the same AhR-mediated mechanism. Evidence for genotoxicity has also been the basis for mechanistic upgrades. In 2014, based on inadequate evidence in humans and
sufficient evidence in experimental animals with a mechanistic upgrade
supported by a strong evidence for direct genotoxicity, 1,3-propane
sultone was classified as probably carcinogenic to humans (Group 2A).
Additionally, evidence of metabolism to reactive moieties has been
influential in cancer hazard classifications. One recent example is in the
classification of dichloromethane (DCM) in 2014 as probably carcinogenic
to humans (Group 2A). The classification was based on limited evidence
in humans for biliary tract cancer and non-Hodgkin lymphoma and sufficient evidence in experimental animals. The WG also took into account
the strong evidence that DCM metabolism via glutathione-S-transferase T1 (GSTT1) leads to the formation of reactive metabolites, that
GSTT1 activity is strongly associated with genotoxicity of DCM in vitro
and in vivo, and that GSTT1-mediated metabolism of DCM does occur in
humans. Mechanistic information, including receptor activation, direct
genotoxicity and evidence on metabolism to reactive intermediates can
thus provide early, robust evidence for carcinogenicity.

1082 Role of microRNAs in Nonalcoholic Fatty Liver
Disease

X. Li, Z. Wang, and J. E. Klaunig. Indiana University, Bloomington,
IN.
Nonalcoholic fatty liver disease (NAFLD) is a common liver disease
that can progress to non-alcoholic steatohepatitis (NASH), cirrhosis,
and hepatocellular carcinoma. MicroRNAs (miRNAs) are key regulators
of gene expression in the liver and miRNAs modulate many signaling
pathways including those related to lipid metabolism, inflammation,
and cell proliferation. We investigated the involvement of miRNAs in
diet induced NAFLD, and the underlying mechanisms responsible for
abnormal metabolic homeostasis and cell growth in rodent liver. Male
C57BL/6 mice were fed either a high fat (42% kcal from fat, HFD) or low fat
(control) diet. After 8, 12, and 16 wks. of treatment, mice were sampled
for hepatic histological examination. Hepatic RNAs (total) were isolated
from mice and total RNA and miRNA expression were profiled using
next-generation sequencing approaches with Illumina HiSeq platforms.
Mice on HFD showed a significant increase in body and liver weight. The
HFD produced a duration dependent increase in hepatic microsteatosis,
which progressed to macrosteatosis after 12 and 16 weeks. Focal areas
of inflammation were also seen in the liver after 16 weeks. Hepatocyte
DNA synthesis (BrdU labeling) was increased in the HFD group at all

sampling times. MiRNA sequencing analysis showed that 29 miRNAs
were upregulated and 25 miRNAs were downregulated (fold change >
1.5; weighted p < 0.01). With an average of 8.4-fold increase miR-582-5p
and miR-582-3p showed the greatest upregulation. Three members of
the miR-183 family (miR-96/182/183) showed the greatest decrease. A
total RNA expression profile identified 389 overexpressed RNAs (mostly
mRNA, with a small portion of lncRNA and small RNAs) and 418 suppressed RNAs in the liver of HFD mice. TargetScan Mouse (7.1) was used
to predict miRNA targets. MiRNA-mRNA integrative analysis revealed
that pdcd4, a gene involved in cell proliferation and liver tumorigenesis,
was the common target of miR-582-5p, miR-582-3p, and miR-292b-5p,
three of the most upregulated miRNAs in HFD group. Among the overexpressed mRNAs, pde4d was found to be targeted by 4 of the top 10
downregulated miRNAs. Differentially expressed miRNAs and mRNAs
were further analyzed using miRNA target filter tool within Ingenuity
Pathway Analysis. This study identified a panel of aberrantly expressed
miRNAs and revealed the involvement of miRNA-mRNA pairs in HFDinduced NAFLD. Functional validation is needed to further define the
significance of miRNAs in the pathogenesis of NAFLD.

1083 Carcinogenic Effects of Concurrent

Administration of 1,2-Dichloropropane and
Dichloromethane in Mice

S. Kawachi, M. Gi, M. Fujioka, K. Tatsumi, A. Kakehashi, T. Okuno,
and H. Wanibuchi. Department of Molecular Pathology Osaka City
University Medical School, Osaka, Japan.
Given the possibility that the occurrence of occupational cholangiocarcinoma in Japan might be attributed to exposure to multiple chemicals,
studies are needed to determine the carcinogenic effects of concurrent
exposure to 1,2-dichloropropane (1,2-DCP) and dichloromethane (DCM)
or other organic solvents contained in the stripers to which the workers
with cholangiocarcinoma were exposed. The purpose of the present
study is to determine the carcinogenic effects of concurrent administration of 1,2-DCP and DCM in mice. Male C3H mice were divided into
three groups and treated twice a week for 52 weeks as follows: vehicle
(control group); 500 mg/kg 1,2 DCP; and co-administration of 500 mg/
kg 1,2-DCP and 500 mg/kg DCM. Incidence and multiplicity of hepatocellular adenomas were significantly increased in co-administered
group compared with the 1,2-DCP alone group. Furthermore, The Ki-67
labeling index was significantly increased in the HCAs in the co-administered group compared with the HCAs in the 1,2-DCP alone group. In
addition, microarray analysis revealed that expression of 12 tumor cell
proliferation-related genes were significantly dysregulated in the HCAs
induced by 1,2-DCP and DCM but not in the HCAs induced by 1,2-DCP
alone. These findings indicated that concurrent exposure of 1,2-DCP and
DCM exerted a stronger hepatocarcinogenic effects than 1,2-DCP alone
in mice.

1084 Long-Term Sodium Arsenite Treatment Impairs
Differentiation of Human HepaRG-Hepatic
Progenitor Cells

O. E. Orisakwe1, K. Dreval2, V. Tryndyak2, F. Beland2, and I.
Pogribny2. 1University of Port-Harcourt, Rivers State, Nigeria; and
2US FDA/NCTR, Jefferson, AR.
Inorganic arsenic, a ubiquitous environmental contaminant of food and
drinking water, is a human carcinogen associated with lung, liver, prostate, renal, and bladder cancer. It has been postulated that inorganic
arsenic targets stem cells or partially differentiated progenitor cells,
causing their oncogenic transformation and that this is one of the key
events in arsenic-associated carcinogenesis; however, the underlying
mechanisms for this process remain largely unknown. To address this
question, human HepaRG-hepatic progenitor cells were continuously
treated with sodium arsenite, at a non-cytotoxic concentration of 1 μM,
starting from days 3 and 14 of the proliferation stage throughout the
differentiation stage for 25 and 14 days, respectively. Sodium arsenite
inhibited the differentiation of HepaRG-progenitor cells into mature
hepatocyte-like cells, as evidenced by the lack of alterations in the cell
morphology and by the absence in expression of differentiated hepatocyte markers. Transcriptomic analysis of arsenic-treated cells identified 381 and 401 (p-value ≤ 0.01 and fold change ≥ 1.5) differentially
expressed genes at 25 and 14 days of treatment, respectively, among
which 234 genes were expressed in common. Pathway analysis of
common differentially expressed genes in the arsenic-treated HepaRG
cells demonstrated a substantial inhibition of cellular metabolic pathways, mainly lipid and xenobiotic metabolism, and cell death pathways.
In contrast, cell proliferation and cell survival, inflammation, and several
liver cancer-related pathways were substantially activated by the arsenic
treatment. Importantly, among the deregulated pathways, the greatest
enrichment was found in genes involved in the inhibition of cell death
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HCC. Among the differentially expressed miRNAs, miR-31 was uniquely
down-regulated in GBE-induced HCC and was confirmed by QRT-PCR.
miR-31 is described as a tumor suppressor miRNA in a wide variety tumor
types such as breast cancer but has not been reported in hepatocellular
carcinomas or in rodent tumors. Employing in silico analysis, we discovered a potential miRNA response element (MRE) in the 3’-untranslated
region (3’-UTR) of Cdk1 mRNA and hypothesized that miR-31 expression
levels could be regulated by ectopic expression of synthetic precursor
(mimic) and antisense oligonucleotides (AsOs). Three copies of putative Cdk1 MREs in tandem were inserted downstream from a luciferase
coding sequence in a pMIR reporter vector and transfection with miR-31
precursors or AsOs decreased or increased luciferase activity in mouse
hepatoma cell line HEPA-1 cells, respectively. Similarly, transfection of
the miR-31 precursors or AsOs decreased or increased CDK1 protein
level in HEPA-1 cells, respectively. Neither miR-31 precursors nor AsOs
affected Cdk1 mRNA levels, indicating that alteration in CDK1 protein
expression was due to a post-transcriptional effect. In summary, these
results indicate that Cdk1 is post-transcriptionally regulated by miR-31 in
GBE-induced HCC in B6C3F1/N mice.

and activation of cell survival and proliferation, two hallmark pathways
dysregulated during carcinogenesis. In summary, the present study
demonstrates that inhibition in the differentiation of progenitor cells
and disruption of cell death and cell proliferation pathways favoring cell
survival and proliferation of undifferentiated cells may be critical events
in arsenic-mediated oncogenesis.

control. Similarly, DNA damage analysis of the epidermal sheets indicated that UVB irradiation caused an increase in pyrimidine (6-4) pyrimidone photodimers and this effect was also reduced by ligand activation of PPARβ/δ with both the synthetic and natural ligands. Results
from these studies provide strong evidence that ligand activation of
PPARβ/δ both prevents and treats UVB-induced skin cancer by targeting
p53 mutant cells and inhibits UVB-induced DNA damage. (Supported by
CA124533, CA140369)

1085 CF3-DODA-Me Inhibits Specificity Protein

Transcription Factors and Growth of
Rhabdomyosarcoma Cells through Induction of
Reactive Oxygen Species

R. Kasiappan2,3,, K. B.Karki4, I. Jutooru1, and S. Safe4. 1Covance Inc.,,
Madison, WI; 2CSIR-Central Food Technological Research Institute,
Mysore-570020, India; 3Department of Veterinary Physiology and
Pharmacology, Texas A&M University, College Station, TX; and
4Texas A&M University, College Station, TX.
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Specificity protein (Sp) transcription factors&nbsp;including Sp1, Sp3
and Sp4 are highly expressed&nbsp;in rhabdomyosarcoma&nbsp;(RMS)
patients and play an important role in carcinogenesis. RMS patients are
currently treated with cytotoxic drugs and radiotherapy and limited
the success of this treatment is tempered by serious health effects.
Therefore, development of novel mechanism-based drugs that target
underlying invasion pathways are critical for improving treatment
efficacy and decreasing toxicity. Hence, the objective of this study
was to investigate the therapeutic potential of novel synthetic triterpenoid, methyl 2-trifluoro-3, 11-dioxo-18β-olean-1, 12-dien-30-oate
(CF3-DODA-Me) and its molecular mechanisms of action in RMS cells.
Here, we show that 2.5 μM of CF3-DODA-Me treatment induced reactive oxygen species (ROS) and this effect was important for inhibition
of RMS cell proliferation, migration and induction of apoptosis in RMS
cells. CF3-DODA-Me induced ROS-dependent downregulation of Sp
transcription factors including Sp1, Sp3 and Sp4 and this was accompanied by decreased expression of several oncogenic Sp-regulated genes
including survivin, VEGF and cyclin D. Treatment with CF3-DODA-Me
also decreased c-Myc and c-Myc-regulated miRs17, -20a and -27a and
this resulted in upregulation of miR-regulated Sp repressors ZBTB10/
ZBTB4 and ZBTB34. CF3-DODA-Me-induced ROS and the inhibitory
effects of this drug on cell proliferation, survival and migration as well as
inhibition of Myc-miR:ZBTB-Sp transcription factor axis were attenuated
after co-treatment with antioxidant glutathione. CF3-DODA-Me also
inhibited RMS tumor growth in vivo using a mouse xenograft model.
These results suggest that CF3-DODA-Me is a potential ROS-inducing
agents that downregulates Sp transcription factors and represents a
promising therapeutic agent for a future clinical applications for treating
RMS and subsequently other cancers.

1087 Targeting the HSP40/HSP70 Chaperone Axis As
a Novel Strategy to Treat Castration-Resistant
Prostate Cancer

M. A. Moses1, M. Watson1, G. Rivera-Marquez1, S. Lee1, J. Trepel1, J.
Gestwicki2, and L. Neckers1. 1National Cancer Institute, Bethesda,
MD; and 2University of California, San Francisco, San Francisco, CA.
Castration-resistant prostate cancer (CRPC) is, in part, frequently characterized by expression of a constitutively active androgen receptor
(AR) splice variant (ARv7) which lacks a ligand binding domain (LBD).
As such, ARv7 is ligand-independent and correlates with poor patient
prognosis, reduced survival, and resistance to existing LBD-targeted
standard of care therapy. Thus, a single strategy able to target AR/ARv7
remains a critical unmet need. The AR requires molecular chaperones
(heat shock proteins, HSPs) HSP40/HSP70/HSP90 for remodeling of the
AR LBD to bind ligand. Notably, HSP90 inhibitors promote AR degradation and display efficacy in prostate cancer xenograft models. Although
it has been shown that ARv7 functions independently of HSP90, additional chaperone requirements of LBD-deficient ARv7 are not known.
Thus, we tested the hypothesis that both AR/ARv7 are dependent on
HSP40/HSP70 and that targeting these chaperones with specific inhibitors (C86, JG98, respectively) will lead to AR/ARv7 destabilization and
loss of transcriptional activity in CRPC models. Transfecting 22Rv1 CRPC
cells with FLAG-HSP40 or FLAG-HSP70 revealed that both chaperones
coimmunoprecipitated with AR/ARv7. Further, probing 22Rv1 lysate
with biotinylated-C86 determined this small molecule binds HSP40 in a
complex with AR, ARv7, and HSP70. These data suggest potential functional dependence of AR/ARv7 on HSP40/HSP70 and that this complex
may be targeted with HSP40/HSP70 inhibitors. Thus, treating 22Rv1 cells
with C86 or JG98 led to a time and dose-dependent decrease in AR/ARv7
protein, concomitant with a significant loss of viability and reduced AR/
ARv7 transcriptional activity, as indicated by decreased KLK3, TMPRSS2,
and UBE2C target gene expression. Finally, treatment of mice bearing
22Rv1 xenografts with JG231 (an analog of JG98 with enhanced PK
properties) led to significantly smaller tumors relative to vehicle treated
mice. Together, these data confirm the continued dependence of AR/
ARv7 on HSP40/HSP70 molecular chaperones and they demonstrate
the feasibility of targeting the HSP40/HSP70 axis to abrogate sustained
AR-mediated signaling in CRPC.

1086 Ligand Activation of Peroxisome Proliferator-

Activated Receptor-β/δ (PPARβ/δ) Inhibits UVBInduced Skin Cancer and Targets P53 Mutant
Cells

D. Ralph2, F. Gonzalez1, and J. Peters2. 1National Cancer Institute,
Bethesda, MD; and 2The Pennsylvania State University, University
Park, PA.
Skin cancer is the most common type of cancer in the US with an estimated 8,500 people diagnosed each day. UV-induced sun damage
causes 90% of non-melanoma skin cancers and mutations in p53 are an
early indicator of skin cancer development. Previous studies have shown
that ligand activation of peroxisome proliferator-activated receptor
β/δ (PPARβ/δ) inhibits chemically-induced skin cancer. The hypothesis
that ligand activation of PPARβ/δ inhibits UVB-induced skin cancer was
examined in this study. Female SKH-1 mice (wild-type or Pparβ/δ-null)
were UVB irradiated (180 mJ/cm2) 3 times/week followed by topical
application with vehicle control, the highly specific PPARβ/δ ligand
(GW0742: 1.0, 2.5, or 5.0 µM), or the natural PPARβ/δ ligand (oleic acid:
25, 50, or 100 µM). The onset of tumor formation and tumor multiplicity
were significantly decreased in response to ligand activation of PPARβ/δ
as compared to control, and these effects were not found in Pparβ/δnull mice. To begin to determine the mechanisms for the chemopreventive effects of ligand activation of PPARβ/δ, an early indicator of tumor
development (p53 mutant patches) was evaluated. Female SKH-1 mice
(wild-type or Pparβ/δ-null) were UVB irradiated (30 mJ/cm2) 2 times/
week followed by topical application with vehicle control, the synthetic
PPARβ/δ ligand, or natural PPARβ/δ ligand as described above. After 10
or 20 weeks, epidermal sheets were isolated and immunohistochemical
analysis was performed to detect cellular patches (>8 adjacent cells/
patch) of mutant p53. UVB irradiation caused an increase in mutant p53
patches as compared to control, and ligand activation of PPARβ/δ significantly decreased the number of p53 mutant patches compared to

1088 Nrf2 Deficiency Promotes Melanoma Growth and
Lung Metastasis

Z. Jia3, H. Zhu1, M. A. Trush2, and R. Y. Li1. 1Campbell University
School of Osteopathic Medicine, Buies Creek, NC; 2Johns Hopkins
University Bloomberg School of Public Health, Baltimore, MD; and
3University of North Carolina at Greensboro, Greensboro, NC.
The role of Nrf2, a key regulator of antioxidant and cytoprotective
genes, in tumorigenesis remains controversial. Here we showed that
Nrf2 deficiency led to increased local tumor growth in mice following
subcutaneous injection of B16-F10 melanoma cells, as indicated by
increased proportion of animals with locally palpable tumor mass and
time-dependent increases in tumor volume at the injection site. In vivo
bioluminescence imaging also revealed increased growth of melanoma
in Nrf2-null mice as compared with wild-type mice. By using a bioluminometric assay, we further found that Nrf2 deficiency resulted in a
remarkable increase in lung metastasis of B16-F10 melanoma cells as
compared with wild-type mice. Taken together, the results of this short
communication for the first time demonstrated that Nrf2 deficiency promoted melanoma growth and lung metastasis following subcutaneous
inoculation of B16-F10 cells in mice.

Mixture of Curcumin, Quercetin, Green Tea
Extract, and Resveratrol in Human HCC HepG2
Cells

M. W. Roomi, L. Shi, M. Rath, and A. Niedzwiecki. Dr. Rath Research
Institute, Santa Clara, CA.
Incidence of HCC, which has recently dramatically increased worldwide,
has been attributed to increased hepatic C virus infection rate. Invasion,
metastasis and recurrence are the prevalent causes of death. The main
aim was to assess the effect of a specific polyphenol mixture (PB) of curcumin, quercetin, green tea extract and resveratrol on viability, invasion, secretion of MMPs, cell migration and morphology of HCC HepG2
cells. Human HCC HepG2 cells (ATCC) were cultured in DEM media, supplemented with bovine serum and antibiotics in 24-well tissue culture
plates. At near confluence, cells were treated with PB at 0, 10, 25, 50 and
100 μg/ml in triplicate at each dose. Cells were also treated with PMA for
MMP-9 induction. Cell proliferation was assayed by MTT assay, MMPs
by gelatinase zymography, invasion through Matrigel, cell migration by
scratch test and morphology by H&E staining. PB inhibited proliferation by 20, 40, 60 and 70% at 10, 25, 50 and 100 μg/ml, respectively.
Zymography demonstrated expression of MMP-2 and MMP-9, with
strong induction of MMP-9 by PMA. Both MMP-2 and MMP-9 were inhibited by PB in a dose dependent manner with virtual block at 50 μg/ml.
PB also inhibited invasion through Matrigel by 90% at 25 μg/ml and
100% at 50 μg/ml. The cell migration assay revealed dose dependent
inhibition with complete block at 50 μg/ml. H&E staining showed no
morphological changes even at higher concentrations. These results
suggest that NM has therapeutic potential in treatment of HCC.

1090 Does Estrogen Provide Protection against
Benzo(a)Pyrene [B(a)P]-Induced Colon
Carcinogenesis?

K. J. Harris1, K. L. Harris3, A. E. Archibong1, M. K. Washington4, J.
M. Amos-Landgraf2, and A. Ramesh1. 1Meharry Medical College,
Nashville, TN; 2University of Missouri, Columbia, Columbia, MO;
3US FDA/NCTR, Jefferson, AR; and 4Vanderbilt University, Nashville,
TN.
Colorectal cancer (CRC) is the third most common diagnosed cancer and
the third leading cause of cancer-related deaths in the United States. It
has also been reported that colon cancer incidence and mortality rates
are higher in men than woman, but the mechanism that underlie the
sex specific differences in CRC initiation and progression is yet to be
determined. Benzo(a)pyrene [B(a)P], a member of the polycyclic aromatic hydrocarbon (PAH) family of compounds is a well-characterized
environmental toxicant that has been proven to be a major contributor to the development of sporadic colon cancer. Aryl Hydrocarbon
Receptor (AhR), receptor for [B(a)P], has been reported to bind to
estrogen receptor (ER) and negatively affect AhR-target gene transcription. This study aims to elucidate the protective effects of estrogen on
B(a)P-induced colon cancer in adult female Polyposis In the Rat Colon
(PIRC) model. Groups of female and male PIRC rats (n = 8/dose/gender)
received sub-chronic exposure to 25, 50 and 100 µg B(a)P/kg body wt. via
oral gavage for 60 days. Female rats that received no [B(a)P] treatment
and males with corresponding doses of [B(a)P] served as controls. [B(a)P]
was shown to have no significant effect on body weight of these animals
and female PIRC rats that received 25, 50 and 100 µg B(a)P/kg body wt.
showed significant decrease in total polyp count when compared to
males with respective doses. Polyp sizes of female PIRC rats receiving 25,
50 and 100 µg B(a)P/kg body wt. were also significantly decreased when
compared to males respectively. Histopathological analysis of colon
polyps revealed that female animals exhibited low-grade to no dysplasia
while high-grade dysplasia was recorded in male animals treated with
corresponding doses. In future studies, by measuring the expression of
drug metabolizing enzymes (DME), circulating estrogen levels, ROS and
[B(a)P] metabolite profile this research will provide insight into if and
how estrogen protects females from colon cancer.

1091 Stress Responses Controlled by Circadian

Rhythm Is Associated with Susceptibility to
Mammary Carcinogenesis

M. Fang, and H. Zarbl. NIEHS Center for Environmental Exposures
and Disease, and Cancer Institute of New Jersey, Rutgers
University, Piscataway, NJ.
About 10% of mammalian genes, including many involved in DNA
damage responsive and repair (DDRR), show circadian patterns of
expression. Environmental stressors that disrupt circadian rhythm are
associated with an increased risk of breast cancer. We previously demonstrated that methylselenocysteine prevents N-Nitroso-N-methylurea
(NMU)-induced mammary carcinogenesis in the susceptible Fischer
344 (F344) rat by restoring intracellular NAD+/NADH levels, increasing
SIRT1 activity and resetting circadian expression of Period 2 (Per2). In
the present study, we investigated how differential circadian responses
to environmental stressors affect genetic susceptibility of rat strains to
mammary carcinogenesis. Our results showed that compared to the
genetically resistant Copenhagen (COP) strain, mammary glands of the
susceptible F344 rat show a 4-hour phase delay in circadian expression
of Per2 at baseline. As a result, F344 rats failed to increase SIRT1 activity
and circadian expression of Per2 and DNA damage responsive and repair
(DDRR) genes in response to NMU. Exposure of the genetically resistant COP strain to the same carcinogenic dose of NMU had the opposite
effect, enhancing SIRT1 activity, increasing circadian expression of Per2
and sustaining circadian expression of DDRR genes in mammary glands.
These results indicate that the resistant COP strain has an increased
capacity to maintain NAD+ levels and NAD+-dependent SITRT1 activity
under genotoxic stress. Although resistant to disruption of circadian
control by genotoxic stress, jet-lag disrupted circadian expression of
Per2 and DDRR genes in the resistant COP rat. These results suggest that
uncoupling of DDRR responses from circadian control by environmental
stressors induces a promutagenic state that increases susceptibility to
mammary carcinogenesis. (Supported by NIEHS grants, U19ES011387 and
P30ES005022 to H.Z.)

1092 Mouse-Specific CYP2F2 Metabolism Is the

Only Reasonable Mode of Action Responsible
for Short- and Long-Term Lung Toxicity and
Tumorigenicity of Styrene

G. Cruzan7, J. Bus2, M. Banton4, S. Sarang6, R. Waites5, D. Layko3,
and J. Raymond1. 1Charles River Laboratories, Frederick, MD;
2Exponent, Midland, MI; 3Hamner Institutes for Health Sciences,
Research Triangle Park, NC; 4Lyondell Chemical Company,
Houston, TX; 5SABIC, Mount Vernon, IN; 6Shell International,
Houston, TX; and 7ToxWorks, Bridgeton, NJ.
Styrene is a mouse-specific lung carcinogen, and short-term Mode of
Action studies have demonstrated that cytotoxicity, genomic changes,
and cell proliferation are dependent on CYP2F2 metabolism. The current
study examined histopathology, genomic changes, and cell proliferation in CD-1, C57BL/6 (WT), CYP2F2(-/-) (KO), and CYP2F2(-/-)(CYP2F1,
2B6, 2A13-transgene) (TG; humanized) mice following up to 104 weeks
of exposure to 0 or 120 ppm styrene vapor. Five mice/treatment group
were sacrificed at 1, 26, 52, and 78 weeks. Additional 50 mice/treatment
group were followed until death or 104 weeks of exposure. Cytotoxicity
was present in the terminal bronchioles of some CD-1 and WT mice
exposed to styrene, but not in KO or TG mice. Hyperplasia in the terminal
bronchioles was present in CD-1 and WT mice exposed to styrene, but
in KO or TG mice. Increased cell proliferation, measured by BrdU incorporation or KI-67, occurred in CD-1 and WT mice exposed to styrene for
1 week, but not after 26, 52, or 78 weeks, nor in KO or TG mice. Styrene
increased the incidence of bronchioloalveolar adenomas and carcinomas in CD-1 mice. No increase in lung tumors was found in WT, KO or
TG mice. The absence of preneoplastic lesions and tumorigenicity in KO
and TG mice indicates that mouse-specific CYP2F2 metabolism is likely
the only MoA responsible for both the short-term and chronic toxicity
and tumorigenicity of styrene.
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1089 In Vitro Antitumor Effect of a Specific Polyphenol

1093 Piperlongumine Targets Sp Transcription

Factors in Cancer Cells by ROS-Dependent
Epigenetic Repression of cMyc

K. B. Karki2, U.-H. Jin2, E. Hederick2, S. Safe2, R. Kasiappan2, G.
Chadalapaka2, and I. Juturoo1. 1Covance Inc,, Madison, WI; and
2Texas A&M University, College Station, TX.
Piperlongumine (PL) is a natural product isolated from the plant species
Piper Longum L that was identified in a cell-based small molecule
screening assay for anticancer agents that selectively kill cancer vs noncancer cells. Piperlongumine enhances cellular stress by induction of
ROS and we investigated the effects of PL on ROS-dependent downregulation of specificity protein (Sp) transcription factors Sp1, Sp3 and
Sp4 and pro-oncogenic Sp-regulated gene products. Preliminary studies
show that 5, 10 and 15 μM PL inhibited growth of Panc-1 & L3.6PL pancreatic, A549 lung, 786-O kidney and SKBR3 breast cancer cells after
treatment for 24 or 48 hours and EC50 values for growth inhibition were
10 & 9.46, 21, 15, 15 μM (24 hours) and 14 & 6.71, 10, 14, 11 μM (48 hours)
respectively. These same cell lines were also treated with PL plus the
antioxidant glutathione (GSH) and growth inhibition was attenuated
at all concentration of PL indicating that piperlongumine-induced ROS
was the major induced cytotoxic response. Treatment of the cancer
cell lines with 10 μM PL for 24 or 48 hours also downregulated expression of Sp1, Sp3 and Sp4 proteins and co-treatment with GSH reversed
this response. PL also downregulated expression of Sp-regulated survival (survivin, bcl-2) growth promoting (cyclin D1, epidermal growth
receptor [EGFR]) and angiogenic (vascular epithelial growth factor
[VEGF]) genes in several different cancer cell lines. PL also decreases
expression of Myc and other Myc regulated genes including miR-17,
miR-20a and miR-27a and these effects were also attenuated in cells
co-treatment with PL plus GSH. PL also induced ROS-dependent epigenetic repression of cMyc, downregulated miR-27a and miR-20a/miR-17
and induced cMyc regulated transcriptional repressors ZBTB10, ZBTB34
and ZBTB4 in cancer cells. Our results demonstrate that the selective
ROS-dependent cytotoxicity of PL is due, in part, to downregulation of
Sp proteins and pro-oncogenic Sp-regulated genes via cMyc-miR-ZBTB
pathway.

1094 Mitochondrial Roles in Tumorigenesis
22

W. Irwin. US EPA, Arlington, VA.
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Mitochondria supply ~90% of the ATP in most eukaryotic cells for normal
functions by oxidative phosphorylation. Solid tumors can have hypoxic
cores inhibiting oxidative metabolism. Despite their rapid proliferation,
paradoxically tumor cells have predominantly glycolytic metabolism
even in the presence of oxygen (Warburg Effect), a survival advantage.
The mitochondrial electron transport chain is the source of ~90% of the
reactive oxygen species in cells (DNA damage linked to carcinogenesis).
Apoptosis is a mechanism by which the body kills tumor cells, with
key check points in the mitochondria. Induction of the mitochondrial
permeability transition pore (PTP) causes mitochondrial damage and
induces cell death via apoptosis or necrosis. Some viruses which desensitize apoptosis and citric acid cycle inhibition can promote tumorigenesis. Wistar rats were fed the liver carcinogen acetylaminofluorene (AAF)
at 100-400 ppm for up to 16 weeks, then liver cells and mitochondria
were assayed for resistance to cell death, TUNEL staining and PTP induction, as described previously (PNAS 100: 10014). Also, chemicals with
potential effects on mitochondrial biology were screened for induction/
inhibition of the PTP/cell death (oligomycin, dantrolene, 4-hydroxynonenal, cyclosporine, etc). Our results showed that AAF induces liver
tumors which is preceded by resistance to PTP inducers (i.e. arachidonic
acid, calcium overload) and tolerance to cell death/caspase activation in
vivo by hepatotoxins (lipopolysaccharide + galactosamine). Our unpublished data shows that AAF upregulated the anti-apoptotic mitochondrial cytochrome c oxidase (critical in oxidative phosphorylation) and
a modulator of this enzyme abolished AAF PTP inhibition. Importantly,
our original results also show that compounds which inhibit the PTP
or apoptosis correlate with increased risk for tumorigenesis while compounds which induce the PTP are toxic to tumor cells. Thus, inhibition
of the PTP or apoptosis are mechanisms by which abnormal cells can
survive and proliferate. Mitochondria generate energy for normal biological functions and are important cell death checkpoints which can
be exploited as targets for cancer therapies. Conversely, aberrations in
mitochondrial function have pivotal roles in tumor cell survival and proliferation. Disclaimer: The views on this abstract are those of the authors
alone and do not represent Agency policy or endorsement. Mention of trade
names of commercial products should not be interpreted as an endorsement by the US Environmental Protection Agency.

1095 Hydroxyphenyl-Bisindole Isomers As Specific
Ligands for Nuclear Receptor 4A1 (NR4A1)

X. Li, E. Hedrick, A. Lacey, and S. Safe. Texas A&M University,
College Station, TX.
The nuclear receptor 4A1 (NR4A1/Nur77/TR3) plays an important role in
normal physiology and several types of diseases and there is evidence
that this receptor is overexpressed in multiple tumors and exhibits
oncogene-like activity. 1,1-Bis(3’-indolyl)-1-(p-hydroxyphenyl)methane
(DIM-C-pPhOH) has previously been identified as an NR4A1 ligand that
acts as an NR4A1 antagonist in cancer cell lines and inhibits NR4A1dependent genes/pathways in colon, pancreatic, breast and kidney
cancer cells and in rhabdomyosarcoma (RMS) cells. In this study, we
compared the relative activities of DIM-C-pPhOH and the m-hydroxyphenyl (DIM-C-mPhOH) and o-hydroyphenyl (DIM-C-oPhOH) isomers in
transactivation assays and in regulation of NR4A1-dependent genes. In
transactivation assays, Panc1 pancreatic cancer cells were transfected
with a GAL4-NR4A1 (full length) chimera and UAS-luciferase reporter
gene and we observed that all of these isomers decreased transactivation and exhibited NR4A1 antagonist activity. In addition, the specificity of DIM-C-pPhOH, DIM-C-mPhOH and DIM-C-oPhOH for NR4A
receptors was determined in Panc1 cells transfected with GAL4-NR4A2
and GAL4-NR4A3 where the receptors are also full length. The results
show that these compounds were specific for NR4A1 and did not modulate luciferase activity in cells expressing GAL4-linked NR4A2 or NR4A3.
We further evaluated the effects of these compounds to downregulate NR4A1-dependent expression of thioredoxin domain containing 5
(TXNDC5) and beta-1 integrin in Panc1 cells and SKBR3 breast cancer
cells and PAX3-FOXO1A and TXNDC5 in Rh30 RMS cells. The results
demonstrated that all these compounds inhibited expression of these
NR4A1-regulated genes in the different cancer cell lines and their
order of potency was DIM-C-oPhOH > DIM-C-mPhOH > DIM-C-pPhOH.
Current studies are focused on developing more potent NR4A1 ligands
and examining their in vivo anticancer activities and potential for clinical applications in cancer chemotherapy for patients overexpressing
NR4A1.

1096 Dose Response of Multi-Walled Carbon
Nanotube-Induced Lung Tumors

Sargent2,

L. M.
D. W. Porter2, D. Lowry2, L. Battelli2, K. Siegrist2, M.
L. Kashon2, B. T. Chen2, A. F. Hubbs2, L. Staska1, W. McKinnney2, M.
Andrew2, M. Andrew2, S. Tsuruoka3, M. Endo3, V. Castranova4 , and
S. H. Reynolds2. 1Charles River, Durham, NC; 2NIOSH, Morgantown,
WV; 3Shinshu University, Nagano, Japan; and 4West Virginia
University, Morgantown, WV.
Mitsui-7 MWCNTs are strong lung tumor promoters in B6C3F1 mice.
B6C3F1 mouse lung tumors have many molecular and morphological
similarities to human pulmonary tumors. In previous work, we have
demonstrated that exposure to inhaled Mitsui-7 following exposure to
a DNA damaging agent caused potent promotion of lung tumors. To
investigate a possible threshold for Mitsui-7-induced carcinogenesis, we
exposed B6C3F1 mice to a single dose of either methylcholanthrene
(MC, 10 µg/g BW, i.p.) or vehicle (corn oil). One week after i.p. injections,
mice were exposed by inhalation to MWCNTs (5 mg/m3, 5 hours/day, 5
days/week) or filtered air (controls) for a total of 2, 5 or 10 days. At 17
months post-exposure, mice were euthanized and examined for lung
tumor formation. Thirty six percent of the filtered air controls, 33% of
the MWCNT-exposed, and 47% of the MC-exposed, had a mean of 0.33,
0.33 and 0.4 tumors per mouse, respectively. By contrast, 94% of the
mice which received MC followed by 10 days MWCNT had an average
of 2.9 tumors per mouse while 81% of the mice exposed to 5 days of
MWCNTs had 1.9 tumors per mouse, and 73% of the mice exposed to 2
days of MWCNTs had 1.2 tumors per mouse. Additionally, mice exposed
to MWCNTs or MC followed by MWCNTs had larger tumor volumes than
their corresponding air-exposed control groups. Preliminary data indicate a dose response in the percent of animals with tumors as well as the
number of tumors per animal following exposure to MC and MWCNTs.
In this study, mouse MWCNT lung burden approximates feasible human
occupational exposures.

Intercellular Communication in Canine
Mammary Carcinoma

S. Luu, and A. Nguyen. Kansas State University, Manhattan, KS.
Incidence of mammary carcinoma in dogs is three times that of humans.
Mammary tumors are the most common type of cancer in intact female
dogs and account for about half of all neoplasms in these dogs. Previous
studies showed that human breast cancer cells have a loss of cell-cell
communication due to the lack of gap junctional intercellular communication and low expression of gap junction proteins; however, there
is little known about cell-cell communication in canine mammary carcinoma cells. Gap junctions are intercellular channels composed of
connexin proteins, which mediate the direct passage of small chemicals from one cell to the next. They are involved in regulation of the
cell cycle, cell differentiation, and cell signaling. Thus, the goal of this
study is to characterize cell-cell communication in canine mammary carcinoma. Three cell lines - CMT12, CMT27, and CF41.Mg - derived from
canine mammary tumors, were used to profile the cell communication pathway, consisting of connexin proteins and the protein kinase
C (PKC) family. Profiling of gap junctional intercellular communication
via immunofluorescence and Western Blot analyses was performed. The
results show a distinct differential pattern of connexins in these three
cell lines. There was at least a 2-fold decrease of connexin 43 and 45 in
CMT27 cells compared to connexins 26, 32, 46, and 50 observed in both
immunofluorescence and western blot analyses. Further analysis into
the mechanism of downregulation of connexin 43 in CMT27 cells was
investigated. Results show that PKC beta and PKC alpha localize in the
cell membrane, suggesting that these kinases may impact the downregulation of connexin 43. Overall, the study provides an insight into
the role of cell-cell communication in canine mammary carcinoma and
potential for a therapeutic target.

1098 Penfluridol Reduces Paclitaxel Resistance in
Breast Cancer by Inhibiting HER2/β-Catenin
Signaling

N. Gupta, P. Gupta, and S. Srivastava. Texas Tech University Health
Sciences Center, Amarillo, TX.
Metastatic breast cancer is a major cause of mortality, making it the
second leading cause of cancer related deaths. Paclitaxel is clinically
employed as a first line treatment option for the patients with metastatic
breast cancer. However, inherited or acquired resistance is a major limiting factor for successful therapy with paclitaxel in many patients. HER2
is an oncogene overexpressed in about 40% of breast cancer patients
and plays role in drug resistance leading to poor prognosis. The mechanism of paclitaxel resistance remains obscured and has hindered the
development of useful therapeutic strategies. To identify more clinically
relevant mechanism of paclitaxel resistance, we developed two paclitaxel resistant breast cancer cell lines (MCF-7, 4T1).The continuous exposure to paclitaxel for several months resulted in >1000 fold resistance in
MCF-7 cells and >100 fold resistance in 4T1 cells. Western blot analysis
showed enhanced expression of HER2, β-catenin and its downstream
molecules in these resistant cell lines. Interestingly, HER2 was substantially localized in the nucleus of resistant cells as compared to parent
cells. Hence, we hypothesized that HER2/β-catenin mediates paclitaxel
resistance in breast cancer and suppression of HER2/β-catenin signaling
could overcome paclitaxel resistance. In another study, we recently
demonstrated that penfluridol, an anti-psychotic drug suppresses the
growth of triple negative metastatic breast cancer cells (Ranjan and
Srivastava, Cancer Res 2016; 76(4): 877-890). Our current results showed
that penfluridol treatment not only suppressed the expression of HER2
but also inhibited β-catenin and its downstream resulting in reduced
survival of paclitaxel-resistant cells. Further we observed that penfluridol treatment synergistically enhanced the growth suppressive effects
of paclitaxel. Also, enhanced down regulation of proteins involved in
paclitaxel resistance was observed when paclitaxel treatment was combined with penfluridol. Taken together our results provided a novel
insight into the mechanism of resistance to paclitaxel and also opened
new avenues for application of penfluridol in cancer therapeutics. It is
important to note that penfluridol is an US FDA approved anti-psychotic
agent with established safety and efficacy profile. Hence, penfluridol
can be made available to the patients resistant to paclitaxel in relatively
shorter period of time.

1099 Mode of Action and Lack of Human Health

Relevance of Increased Hepatocellular Adenoma
in Male CD1 Mice Treated with ADEPIDYN

D. Cowie2, R. Peffer1, and E. Barnes2. 1Syngenta Crop Protection,
LLC, Greensboro, NC; and 2Syngenta LTD, Bracknell, United
Kingdom.
In an 18 month carcinogenicity study, ADEPIDYN, a fungicide that
inhibits succinate dehydrogenase, resulted in increased incidences of
hepatocellular tumours in male CD-1 mice at dietary levels of 375 and
2250 ppm, but not 75 ppm. A non-genotoxic mode of action (MOA),
initiated via activation of the constitutive androstane receptor (CAR) was
demonstrated using in vitro and in vivo mechanistic studies. CAR activation was demonstrated using a CAR transactivation assay. In a 28-day
MOA study, ADEPIDYN at 2250 ppm increased hepatic PROD activity
by up to 37-fold, along with large increases in liver weight and centrilobular hypertrophy. A key event in the CAR-mediated MOA, increased
cell proliferation was maximal after 2 days of treatment (13-fold), with
smaller changes at 7 and 28 days. In contrast the tumour NOEL of 75
ppm produced only minor changes in a small subset of the measured
liver parameters. The following alternative MOAs for tumour formation
were evaluated and excluded with experimental data: genotoxicity,
AhR, PPARα, oestrogenicity, and cytotoxicity and subsequent regenerative growth. The lack of human relevance for the proposed MOA was
assessed by comparing the effects of ADEPIDYN on primary cultures
of mouse and human hepatocytes. Treatment of mouse hepatocytes
resulted in CYP450 induction and replicative DNA synthesis. In contrast,
treatment of human hepatocytes resulted in CYP450 induction, but not
replicative DNA synthesis, indicating a qualitative species difference in
response to CAR activation. The lack of proliferative response in human
hepatocytes means it can be concluded that ADEPIDYN is not hepatotumourigenic in humans.

1100 Insoluble Nickel Compounds Disrupt Fifteen

Signal Transduction Pathways, Leading
to Differential Expression of 144 Genes,
and Morphological, A. I., and Neoplastic
Transformation of C3H/10T1/2 Mouse Embryo
Fibroblasts

J. R. Landolph, A. T. Pehl-DeSilva, and K. A. Akinwumi. Keck School
of Medicine, University of Southern California, Los Angeles, CA.
Workers who inhaled Ni sulfidic ore dusts/smoked cigarettes in Ni refineries had increased nasal/lung cancer incidences. Inhalation of Ni3S2/
green NiO induced resp. cancer in rats. Ni3S2 and green/black NiO
induced chromosomal abs., cytotoxicity, and morphologic, A. I., and
neoplastic transformation in 10T1/2 cells. 144 genes were differentially
expressed between non-transformed (Tx) vs. Ni+2 ion-Tx/MCA-Tx 10T1/2
cell lines. In Ni/MCA-Tx cell lines, 6 driver genes were over-expressed,
causing over-expression of 52 genes; 9 tumor suppressor-like genes
were under-expressed/not expressed, causing under-/no expression
of 77 genes. Ni+2-TxMCA-Tx cell lines had 1) ect-2 gene amplification/higher levels of ect-2 mRNA/protein, and higher levels/aggregation
of microtubules (MTs)/altered cell shapes compared to non-Tx cells,
and 2) higher levels of calnexin mRNA/protein and 3) Wdr1 mRNA.
4) Non-Tx 10T1/2 cells had Vitamin D interacting protein (DRIP) gene
mRNA; Tx cell lines had none detectable. 5) β-centaurin-2 mRNA was
expressed in 10T1/2 cells, not detected in Ni-/MCA-Tx 10T1/2 cell lines.
Microfilaments (MFs) were expressed in 10T1/2 cells; there were higher
levels of/aggregation of MFs in Tx cell lines. Ni+2 ions a) amplified ect-2,
causing over-expression of MTs/altered cell shapes, and b) silenced
β-centaurin-2, causing over-expression of MFs/- altered cell shapes; c)
Ni+2 ions silenced DRIP80, and enhanced expression of calnexin, altering
Ca+2 distributions in Tx 10T1/2 cell lines. These Ni-induced events caused
differen. expression of 144 genes, leading to induction/maintenance of
Tx phenotypes. Supported by: R01 ES03341, NIEHS/NIH (P. I., JRL); M. S.
Prog./discret. funding, Dept. Micro., to JRL; Cancer Center Core Grant 5
P30 CA 09320 to USC Cancer Center from U. S. NCI/NIH.
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1097 Comparative Approach of Gap Junction

1101 Genetic Engineering of a 3D In Vitro Human
Airway Model Sensitive to Carcinogens

H. Benainous2, S. Huang1, L. Wiszniewski1, S. Constant1,2,, and C.
Mas2. 1Epithelix, Plan-les-Ouates, Switzerland; and 2OncoTheis,
Plan-les-Ouates, Switzerland.
Chemical mixtures and exposure circumstances are becoming more
and more complex rendering the identification of carcinogenic risks for
human highly challenging. Today no predictive in vitro human model
is available to evaluate the carcinogenic potential of chemicals upon
inhalation exposure. We recently reported an advanced 3D human lung
cancer model, OncoCilAir, in which human primary bronchial cells, lung
fibroblasts and lung adenocarcinoma cells are co-cultured to reproduce
in vitro malignant nodules invading a human functional airway epithelium. While OncoCilAir is a relevant predictive tool for targeted therapies
evaluation, because of its constitutive nature it does not allow studying
the early steps of the disease, i.e. initiation and promotion of cancer.
Here we described the development of a new model, a Genetically
Modified OncocilAir (GM-OncoCilAir), to study in vitro carcinogenesis
and progression of the disease. Using lentivirus, KRAS and TP53 mutations were introduced in a fraction of the healthy bronchial primary
cells composing GM-OncoCilAir. Then, the size of forming colonies was
assessed over time in different genetic backgrounds (Normal, Smoker
and COPD) by fluorescence measurement. Remarquabely, all mutant
combinations induced proliferative clusters inside the 3D tissue, a phenotype reminiscent of the early lung cancer step dysplasia, but none of
them reached full transformation. These results underly the potential
of this early stage committed cancer model to undergo further steps
of lung carcinogenesis upon carcinogens exposure. Effect of NNK and
BAP carcinogens exposure will therefore be reported to document the
carcino-sensor potential of such a model.

1102 Comparison of Short- and Long-Term Arsenic

Exposure for the Assessment of Slbp Expression
In Vivo

Q. Y. Chen, J. Li, X. Zhang, F. Wu, T. Kluz, D. Chen, Y. Zhu, T.
Des Marais, A. Jordan, H. Sun, C. Jin, and M. Costa. New York
University School of Medicine, Tuxedo, NY.
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Naturally occurring inorganic arsenic has been identified as the causal
agent in lung, bladder, liver, and prostate cancers. Although arsenic has
long been known to induce toxicity and carcinogenicity via epigenetic
mechanisms, alteration in histone gene expression is scarcely studied.
The replication-dependent histone mRNAs end in a conserved 26-nucleotide sequence, and is the binding site for the stem loop binding protein
(SLBP). As a critical protein for canonical histone pre-mRNA processing,
the loss of SLBP has been shown to induce aberrant polyadenylation of
H3.1mRNA, which can lead to cellular transformation. This study is the
first to address in vivo effects of arsenic on SLBP expression. Here we
report that lung tissues of A/J mice exposed to 10uM of NaAsO2 through
inhalation for 1 week resulted in significant decrease in SLBP levels.
However, liver tissues from mice exposed to 5 and 10uM of NaAsO2
in drinking water for 7 weeks exhibited dose-dependent increase in
SLBP levels. Real-time PCR data of peripheral blood mononuclear cells
from participants chronically exposed to arsenic also showed heightened SLBP. Furthermore, in contrast to 48hr arsenic exposure, BEAS-2B
cells treated with 0.1uM NaAsO2 for 6 months showed rebound in SLBP
level. Because SLBP accumulation is regulated by the cell cycle, during
S-phase, SLBP level may undergo a 20-fold increase. The remarkable
increase in SLBP level under long-term arsenic exposure may be an
indicator of cell proliferation and regeneration which will be tested by
assessing Ki-67 expression, a nuclear protein required for maintaining
cell proliferation. We hypothesize that the loss of SLBP found in shortterm arsenic exposure may prevent proper canonical histone pre-mRNA
processing, and that elevated SLBP level may be a reflection of cell proliferation after long-term damage and transformation as a result of aberrant H3.1 mRNA polyadenylation.

1103 Integrating the Low-Dose Mixture Hypothesis
of Carcinogenesis into the Future of Cancer
Research

M. Miller3, W. H. Goodson1, L. Lowe2, M. H. Manjili5, N.
Kleinstreuer3, and W. H. Bisson4. 1California Pacific Medical Center
Research Institute, San Francisco, CA; 2Getting to Know Cancer,
Truro, NS, Canada; 3NIEHS, Research Triangle Park, NC; 4Oregon
State University, Corvallis, OR; and 5Virginia Commonwealth
University Massey Cancer Center, Richmond, VA.
The Halifax Project was undertaken to explore the hypothesis that combined mixtures of multiple low-dose environmental chemicals can act
in tandem to lead to carcinogenesis. Here we describe the scientific
underpinnings that support this theory, identify knowledge gaps, recommend future methodologies that will provide enhanced hypothesis
testing, and explore the application of the low-dose mixture hypothesis in approaches for preventative risk assessment and policy decision making. Further, we will provide examples of the application of
this hypothesis in current and future research opportunities. This presentation will highlight the findings from a workshop that was held at
the NIEHS to evaluate the scientific support for the Low-Dose Mixture
Hypothesis of Carcinogenesis, and develop a research agenda to identify and address critical information gaps. Expert recommendations to
address data gaps included the need for insights into the process of
carcinogenesis, the development of biomarkers which can distinguish
genetic and epigenetic alterations that facilitate cellular transformation,
and investigations of the role of key defense mechanisms in maintaining
transformed cells in a dormant state early during chemical exposure
or how changes might persist in dormant cells after early exposure. In
addressing the methodologies necessary to further validate the current
hypothesis, the scientific community will need to 1) acknowledge limitations of animal-based models in predicting human responses, 2)
evaluate biological events leading to carcinogenesis from spatial/temporal approachs, 3) examine overlaps between cancer hallmarks and
characteristics of carcinogens, 4) incorporate epigenetic biomarkers, in
silico modelling and simulations, high-performance computing and in
vivo high-resolution imaging, the microbiome, metabolomics, and transcriptomics, and 5) utilize Pathways of Toxicity and Adverse Outcome
Pathways to build molecular annotations of network perturbations. The
restructuring of many existing regulatory frameworks will require adequate testing of relevant environmental mixtures.

1104 Leptomycin B Combined with EGFR Tyrosine

Kinase Inhibitor Gefitinib Is Effective in Reducing
Gefitinib-Induced Resistance in H1650 Cells

Z. Liu, and W. Gao. Texas Tech University, Lubbock, TX.
EGFR tyrosine kinase inhibitor gefitinib has demonstrated dramatic clinical efficacy in non-small cell lung cancer (NSCLC) patients. However, the
therapeutic efficacy of gefitinib is ultimately limited by the development
of acquired drug resistance. Our previous studies have demonstrated
that chromosome region maintenance 1 (CRM1) is overexpressed in
lung cancer and CRM1 inhibitor, leptomycin B (LMB) might be an effective adjuvant regimen for lung cancer treatment. The aim of this study
was to explore the potential utility of overcoming gefitinib-resistance
with combined use of gefitinib and LMB in NSCLC H1650 cells. H1650
cells were treated with progressively increasing concentrations of gefitinib or in combination with 0.5 nM LMB over 10 months to generate
gefitinib resistance. The malignant transformations of gefitinib resistant
cells (H1650GR) and genfitinib+LMB resistant cells (H1650GLR) were
evaluated by soft agar colony formation assay, scratch assay, and transwell migration assay. The expression levels of EGFR downstream signaling molecules and epithelial-mesenchymal transition (EMT) markers
were detected by Western blot and Luminex magnetic bead assay.
The 50% inhibitory concentration (IC50) of gefitinib increased from
24 µM in parental H1650 cells to 50 µM in H1650GR, but was 42 µM
in H1650GLR (P<0.05, H1650GR vs. H1650GLR). Western blot analyses
revealed upregulation of vimentin but downregulation of E-cadherin
in H1650GR compared to H1650, which reflected typical EMT. However,
this phenomenon was not observed in H1650GLR. In addition, Western
blot and Luminex magnetic bead assay demonstrated significant differences in the expressions of p-Erk1/2, p-MEK, p-STAT3, and p21 between
H1650GR and H1650GLR. Both resistant cells showed significantly
higher motilities in the scratch assay and greater invasion potential in
the transwell assay than parental H1650 cells. A significant increase in
colony number and size was observed in H1650GR, while a significant
decreased colony number but an increased colony size was found in
H1650GLR compared with the parental H1650. In conclusion, LMB at a
very low concentration could delay the occurrence of gefitinib-induced
resistance in H1650 through regulating signals/pathways involved in
the resistant development. Our findings suggest a great potential of
LMB to overcome genfitinib acquired resistance in clinical applications.

Amines by Gut Microbiota Alters Toxic Potency

S. J. Sturla. ETH Zurich, Zurich, Switzerland. Sponsor: M. Stamou.
Shifts in the human gut microbial community are associated with
altered susceptibility to colon cancer, but there is limited information
regarding the functional basis of how microbiota mitigate carcinogenesis risk in the colon. Gut microbiota may influence initiation of carcinogenesis by mediating chemical transformations of genotoxic xenobiotic
chemicals. Heterocyclic aromatic amines (HCAs), including 2-Amino-1methyl-6-phenylimidazo(4,5-b)pyridine (PhIP), are formed in well-done
meat and Lactobacillus rhamnosus GG and Bifidobacterium longum have
been shown to interact with PhIP, but these are represent a small fraction of the community. On the other hand, Bacteroides, Clostridia, and
Eubacterium are present in populations up to three orders of magnitude
larger than Lactobacillii, however require anaerobic conditions for growth
in vitro. In this study, heterocyclic amines were incubated anaerobically
with bacterial effluent derived from an in vitro gut model representing
the proximal and the distal colon bacterial community. Additionally, a
panel of representative human gut microbiota species were tested for
their ability to transform HCAs in the presence of glycerol. Novel glycerol-HCA conjugates were identified, the contributions of active strains
to the biotransformation reaction were established, and the chemical
mechanism of metabolite formation was characterized to involve the
conversion of glycerol to acrolein and bimolecular reaction with the
HCAs. In vitro characterization of the metabolites relative to starting
HCAs with regards to altered cell viability in a human colon epithelial
cell line and in the ames assay indicate that the HCA-glycerol conjugates
have slightly reduced cytotoxic and mutagenic potency relative to the
starting HCAs. These results suggest that composition of the gut microbiome is an important factor dictating individual susceptibility to HCA
carcinogenesis.

1106 Estrogenic Endocrine Disruptors–PCBs,

Phthalates, and BPA–and Their Association with
Gynecologic Cancers in NHANES Data of US
Women

M. Morgan, A. Deoraj, Q. Felty, C. Yoo, and D. Roy. Florida
International University, Miami, FL.
Polychlorinated biphenyls (PCBs), phthalates and bisphenol A (BPA)
are recognized as Estrogenic Endocrine Disruptors (EEDs) because they
induce or block estrogen actions to interfere with reproductive and
developmental pathways in animals and humans. Purpose of this study
was to examine the cross-sectional relationship between selected EEDs
and gynecologic cancers (cervical, ovarian, and uterine) in US women
by analyzing CDC’s National Health and Nutrition Examination Survey
(NHANES) data. NHANES blood and urine data (1999-2010) from female
participants (20 years and older) were analyzed to assess lipid adjusted
serum levels of 6 individual PCB congeners, the sum of dioxin- and
non-dioxin-like PCBs, 8 urinary phthalate metabolites, the sum of DEHP
metabolites, the sum of total phthalates and urinary BPA. Data from
medical and reproductive health questionnaires in conjunction with
Age, race/ethnicity, body mass index (BMI; kg/m2) and age at menarche
as confounding variables were also included. We used logistic regression models to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for association between EED levels and gynecologic cancers.
Weighted geometric mean (GM) levels of PCB congeners were significantly higher in women with ovarian and/or uterine cancers. Mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) was significantly higher
and BPA was higher among women with ovarian cancer compared to
women without any gynecologic cancer. Adjusting for confounding
variables showed significant association of PCB 138 with cervical cancer,
and uterine cancer [odds ratios of 3.05, 95% CI: 1.21-7.69; and 5.83, 95%
CI: 1.63-20.9], while PCB 74 and 118 showed significant association with
ovarian cancer [odds ratios of 6.47, 95% CI: 1.23-3.41 and 6.68, 95% CI:
1.39-32.3), respectively. The sum of non-dioxin-like PCBs also showed
significant association with uterine cancer (OR of 1.12, 95% CI: 1.03-1.23)
and the sum of dioxin-like PCBs with ovarian cancer (OR of 2.02, 95% CI:
1.06-3.85). No significant associations between urinary phthalates and
BPA and gynecologic cancers were found. In conclusion, we showed
that exposures to environmental PCBs increased the risk of cervix,
ovarian and uterine cancers among US women included in this study.
There are limitations of these findings due to self-reporting of cases and
small size of samples.

1107 Distinct Estrogen Metabolism in Normal,

Precancerous, and Malignant Mammary Gland
Tissues in Female ACI Rats: Impact of Isoflavones

D. Pemp2, R. Hauptstein2, F. J. Möller1, C. Kleider2, H. L. Esch2, G.
Vollmer1, and L. Lehmann2. 1University of Dresden, Dresden,
Germany; and 2University of Wuerzburg, Wuerzburg, Germany.
Female August Copenhagen Irish (ACI) rats exposed to 17β-estradiol
(E2)-releasing implants are an accepted model to study the etiology of
breast cancer, but neither E2 metabolism in mammary gland tissues
(MG) during tumorigenesis, nor the impact of isoflavone(IF)-rich diet
(IRD), which has been shown to affect tumorigenesis in this model,
thereon has been investigated yet. Thus, ACI rats fed lifelong either
IF-depleted diet or IRD, were exposed to E2 by silastic implant or placebo
(-E2). At postnatal day 285, MG and palpable tumors (PT) were characterized histologically. Levels of E2, estrone (E1), their methoxy (MeO-)
metabolites and conjugates (GC- and UHPLC-MS/MS) as well as of 49
transcripts coding for enzymes involved in metabolism of E2, estrogen
receptor (ER) activation and cellular stress (TaqMan®-PCR) were quantified. External E2 increased levels of E2 in plasmas (n=39) as well as of E2
and E1 in tissues. Tumorigenesis and IRD affected levels of transcripts
coding for enzymes involved in conjugation of estrogens, yet no conjugates of estrogens were detected. Compared to normal tissues (n=12,
all in -E2 group), levels of E2 were increased and E1 as well as 2-MeO-E1
(the only methylated estrogen catechol detectable) reached maximum
levels in hyperplastic tissues (n=18), accompanied by an increase
in levels of Cyp1a1. Furthermore, levels of Gstm and Gstt, involved in
deactivation of estrogen quinones, were reduced. Consequently levels
of Mt1a, indicating oxidative stress, and of Bmf, indicating apoptosis,
were increased. In contrast, PT (n= 7) exhibited maximum levels of E2
as well as increase in ER activation indicated by levels of Pgr and Areg.
Moreover, ratios of levels of E2 in tissues to levels in plasma as well as
E2/E1 ratios were elevated. Yet, levels of Hsd17b2 and Hsd17b7 were not
affected and Cyp19a1 was not detectable in most samples, including PT.
In contrast, ratios of tissue/plasma of E1 were decreased and levels of
E1, 2-MeO-E1 and Cyp1a1 were reduced to normal levels. Despite IRD
induced an increase in levels of E2 in plasmas and E2/E1 ratio in PT, proliferation was reduced in general (Ccnd1, Mki67) and in normal tissues
specifically (Mki67) by IRD. Supported by DFG Le-1329/10-1.

1108 Anticancer Activities of PPARγ in HER2+ Breast
Cancer

E. D. Lightbody, H. T. Newton, K. M. O’Connell, R. E. Rubino, S.
K. SenGupta, A. J. Apostoli, and C. J. Nicol. Queen’s University,
Kingston, ON, Canada.
Breast tumours overexpressing human epidermal growth factor
receptor 2 (HER2+) grow and spread faster than HER2-negative tumours,
resulting in poor patient prognosis. Peroxisome proliferator-activated
receptor (PPAR)γ is a nuclear transcription factor that we previously
showed suppresses environmental carcinogen (DMBA)-mediated breast
tumour progression in vivo. Since the role of PPARγ during HER2+
breast tumourigenesis is unclear, we hypothesized PPARγ loss enhances
HER2+ breast tumour progression. To test this, we generated a spontaneous breast tumour mouse model (NIC; PPARγKO) in which targeted
PPARγ deletion occurs in the same HER2+ transformed mammary epithelial cells that drive breast tumourigenesis. Compared to NIC;PPARgWT
mice, NIC;PPARγKOs have increased mammary tumour incidences and
mammary tumour lung metastasis. Protein analysis of NIC;PPARγ KO
tumours shows PPARγ loss is inversely correlated with increased HER2
phosphorylation at tyrosine 877 (pY877HER2) in tumourigenic tissue.
Immunofluorescent analysis also showed HER2 H-scores was significantly highest among tumours from NIC;PPARγKOs, but also correlated
with targeted PPARγ loss in DMBA-induced primary and metastatic
mammary tumours among PPARgWT and PPARγKO mice (p<0.05). To
further investigate the role of PPARγ in the metastatic process, we established cell lines from the freshly isolated lung metastatic tumours harvested from the NIC;PPARγKO model (NIC;PPARγKO-lmet). In vitro analysis of
several human HER2+ breast cancer cells lines and our NIC;PPARγKO-lmet
cells shows migration, invasion and tumoursphere forming potential
were significantly increased after epidermal growth factor (EGF, 20ng/
ml) treatment, and more interestingly, that co-treatment with a PPARγ
activating drug (rosiglitazone, 10µM) significantly abrogated these
effects (p<0.05). Together, these data provide the first evidence that
PPARγ may be a useful prognostic/predictive biomarker for HER2+
breast tumours, and suggest the novel inclusion of PPARγ activating
drugs may benefit a subset of HER2+ breast cancer patients.
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1105 Biotransformation of Dietary Heterocyclic

1109 Identification of Angiogenesis Modulators

through Comparative In Vitro Studies with
Primary and iPSC-Derived Endothelial Cells

B. Cai, S. Feng, K. Kordestani, P. M. McDonough, J. H. Price, and D.
R. Rines. Vala Sciences, San Diego, CA.
Angiogenesis, or blood vessel formation, is central to many physiological and pathological processes, including growth, development, and
wound healing. It is also a critical step in tumor growth and metastasis. Therefore, screening for compounds that modulate angiogenesis
is useful for research and development of anti-cancer drugs. We have
developed two in vitro model systems for assessing compounds that
modulate angiogenesis. Primary endothelia cells and induced pluripotent stem cells (iPSC) derived endothelial cells were both used to study
the angiogenetic properties of compounds. Here we compare primary
endothelial cells against iPSC derived endothelial cells in their ability
to form tubules under growth factor stimulation, and their response to
inhibitors such as suramin; as well as other advantages and disadvantages of each model for upscaling possibilities, our goal was to utilize
these platforms in large-scale screening of compounds that affect angiogenesis. Fluorescent staining with CD31 antibody was used to visualize
tubules and imaged on an automated fluorescent microscope. A custom
image analysis algorithm, developed in house, was employed to quantify tubules for image analysis. Total tubule length and mean tubule
length were reported as primary measurement outputs for angiogenesis
progression. Additional information that may relate to the mechanism
of action for compounds such as the node count and area, and branch
points were also analyzed. Both of these model systems enabled us to
screen a set of training compounds, as well as a library of EPA ToxCast
compounds, from which we were able to identify both angiogenesis
promotors and inhibitors. Our in vitro assays integrated physiologically
relevant models with this high-content screening approach and allow
us to perform for large-scale screening of compounds that affect angiogenesis.

1110 Study of Cisplatin Binding to Monomers

and Dinucleotides Containing 8-Oxo-7,8Dihydroguanine
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J. Morris, and M. Resendiz. University of Colorado at Denver,
Denver, CO. Sponsor: J. Brown.
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RNA is vulnerable to oxidative stress. Lesions produced from this
process are known to cause translational errors, protein synthesis
impedance, and have been linked to cancer. Guanosine has the lowest
redox potential amongst all canonical nucleobases and thus is a site
with high reactivity towards reactive oxygen species. The main oxidative
lesion produced from these interactions is 8-oxo-7,8-dihydroguanine
(8-oxoGua) and can be formed endogenously or exogenously. The focus
of this research relies on the reactivity of this lesion with the anti-tumor
drug cis-diamminedichloroplatinum(II) (cisplatin). The binding of cisplatin is known to occur in DNA selectively at G-sites via the N7-position.
Reactions with RNA display the same reactivity, determined through
NMR, X-ray, and enzymatic degradation. Oxidative lesion monomers
were prepared from the C8 bromination of guanosine in the presence
of acetic anhydride and sodium acetate. The resulting nucleoside was
then deprotected using ammonia and heat to yield 8-oxo-7,8-dihydroguanosine (8-oxoG) (ca. 86%). For analysis of the reactions, the C2’
and C3’ positions were protected with 2,2-dimethoxymethane and acid
to obtain the acetonide analog of 8-oxoG (ca. 80%). All products were
characterized via NMR and MS. Monomers and dinucleotides containing
8-oxoGua were combined with cisplatin and its reactivity was compared
to the canonical analog (Gua). Experiments performed on monomers
of 8-oxoGua in the presence of cisplatin yielded one major product.
Characterization of this product via NMR and UV-vis spectroscopy is
consistent with the formation of an 8-oxoGua:Pt complex, though it is
unlikely that the reaction occurs via the N7-position. Experiments are
underway to characterize this product, however, due to structural differences between Gua and 8-oxoGua at the N7 position it is possible that
cisplatin reacts via the N9 or N3 positions. Interestingly, experiments
followed via reverse-phase chromatography (HPLC) and NMR showed
rates of reaction (ca. 4-fold) larger in the formation of the 8-oxoGua:Pt
complex when compared to control reactions with the Gua:Pt product.
It is therefore reasonable to conclude that if this lesion is present in cellular RNA, it may be a competitive target to the cisplatin drug. While
further studies are needed to assess the effects of the reactivity between
oxidative lesions and cisplatin, the results presented herein suggest that
platinum (II) complexes may be used to detect these lesions in vitro.

1111 Akt Phosphorylation of RNF6 Is Required

for the RNF6-Mediated Ubiquitination and
Transcriptional Regulation of the Androgen
Receptor

H. Shimelis1, D. Deshmukh2, Y. Xi2, and Y. Qiu2. 1Mayo Clinic,
Rochester, MN; and 2University of Maryland School of Medicine,
Baltimore, MD.
The Androgen Receptor (AR) and the PI3K/AKT/mTOR pathway play an
important role in the progression of castration resistant prostate cancer
(CRPC). RNF6 is an ubiquitin E3 ligase and is overexpressed in human
hormone-refractory prostate cancer tissues and required for prostate
cancer cell growth under androgen-depleted conditions. Earlier, we
had shown that RNF6 modulates AR transcriptional activity and specificity by ubiquitinating AR. Here, we show that AKT binds to RNF6 and
induces phosphorylation of RNF6. This phosphorylation was found to be
required for the association of RNF6 with AR. Moreover, this phosphorylation modulated the RNF6 mediated ubiquitination and transcriptional
activity of AR. Loss of AKT-induced RNF6 phosphorylation significantly
reduced AR activity. Our data suggest that there is crosstalk between the
cell survival PI3K/AKT pathway and the AR via RNF6 and that this crosstalk might drive prostate cancer progression under androgen depleted
conditions.

1112 In Vitro Three-Dimensional (3D) Multicellular

Tumor Spheroids and Tumorospheres Assays
to Decipher Heterogeneity of Estrogen-Induced
Tumor Initiating Breast Cancer Cells

J. K. Das2,1,, and D. Roy2,1,. 1Bruce W. Carter VA Medical Center,
Miami, FL; and 2Florida International University, Miami, FL.
Estrogen (E2) is a breast carcinogen. We have recently shown that
chronic E2 exposure to normal breast epithelial cells produce breast
tumor initiating cells (BTICs). We observed that E2 induced BTICs/cancer
stem cells (CSCs) were heterogeneous and had different transcriptional
and biomarker profiles of CD24, CD44, CD39f, CD133, ALDH1A1, CXCR4,
JRK and NRF1. It is not clear whether heterogeneity arises as a result of
different levels of E2 modified genes or is regulated by different levels
of DNA damages or different redox signaling pathways from that same
microenvironment. We used in vitro 3D tumorospheres and multicellular
tumor spheroids with flow cytometry, transcriptomics and proteomics
approaches to decipher molecular mechanisms of heterogeneity of
BTIC subpopulations from NRF1 overexpressing and dominant negative NRF1 MCF10A cells exposed to E2. We tested the hypothesis that
the overexpression of NRF1 with E2 reprograms the molecular signature of normal cells to BTICs/CSCs. E2 increased both the number and
sizes of tumorospheres. Tumorosphere cells were resistant to apoptosis,
mitophagy and were highly invasive and transmigrant. NRF1 overexpressing cells resided more in G0/G1 phase and showed higher level
of breast CSCs markers CD39f, CD44, ALDH1, CD133, CXCR4 and pluripotency markers Oct-4, Nanog and Sox-2 than wild-type vector. NRF1
overexpressing E2 treated cells showed a significant increase in BNIP3,
PINK1, PARK7 and loss of PARK2. In both 3-D culture model and tumorsopheres assay, we observed that NRF1 was essential for the growth
of spheroids and tumorospheres. Our findings demonstrate that NRF1
generated BTICs have the capacity to participate in tumor formation and
cancer stem-like molecular signatures are regulated in part by both E2
and NRF1 signaling. In summary, our findings suggest that different E2
signaling and NRF1 genomic and/epigenomic networks may be responsible for heterogeneity of BTICs. A better understanding of how breast
neoplasms heterogeneity depends on NRF1 network may open new
avenues for the prevention and treatment of breast carcinoma. This
work was in part supported by VA MERIT Review (VA BX001463) grant.

1113 Exposure to 1,2-Dichloropropane Enhances

mRNA Expression of Activation-Induced Cytidine
Deaminase in Human Cholangiocytes

S. Takasu4, T. Sakurai4, Y. Kimura4, S. Ichihara2, Y. Endo1, G. Endo3,
and G. Ichihara4. 1Kansai Rosai Hospital, Amagasaki, Japan; 2Mie
University, Tsu, Japan; 3Ohara Memorial Institute for Science of
Labour, Tokyo, Japan; and 4Tokyo Univesity of Science, Noda,
Japan.
Epidemiological studies reported 1,2-dichloropropane (DCP) as the causative agent for occupationally-induced cholangiocarcinoma in offset
printing workers in Japan. However, the mechanism of DCP-induced
carcinogenicity remains elusive. In a recent study on human cases, DCPinduced cholangiocarcinoma showed 30 fold higher in somatic mutations than the control common cholangiocarcinoma. The authors dis-

1114 Hepatic Proteome Alterations Due to PCB
Exposure and a High-Fat Diet

J. Hardesty2, C. Falkner2, H. Clair2, H. Shi2, B. Wahlang1, D. Wilkey2,
R. Prough2, M. Merchant2, and M. Cave2. 1University of Kentucky,
Lexington, KY; and 2University of Louisville, Louisville, KY.
Poly-chlorinated biphenyl (PCB) exposure has been associated with
increased prevalence of liver disease in epidemiological studies and
worsens liver disease in animal models. PCBs are thought to be receptor-based toxicants described as being either dioxin or phenobarbital
like whose signaling is mediated by the Aryl hydrocarbon or Constitutive
androstane receptors, respectively. Recent studies demonstrate that
PCBs inhibit Epidermal Growth Factor Receptor (EGFR) signaling and
diminished expression of downstream effector proteins. Effects of diet
and PCB exposure on the hepatic proteome have not been previously
characterized. This led us to explore the hypothesis that PCBs alter the
hepatic proteome through receptor based mechanisms. Methods: Mice
were fed either a control diet or high fat diet and treated with either
corn oil or Aroclor1260 (20mg/kg) in corn oil by gavage. Livers were
removed and prepped for LC/MS/MS analysis and western blot analysis
of proteins of interest. Identified proteins were processed by MASCOT
and interpreted through Scaffold 4. Peptide abundance was normalized
to total spectra and identified with a FDR of .05. Identified peptides were
statistically compared by two-way ANOVA. MetaCore software was used
for pathway analysis. Results: Aroclor 1260 exposure diminished the
protein expression of antioxidant and diminished fatty acid oxidation
enzymes which we propose contributes to the worsening of steatosis.
PCB exposure increased expression of proteins involved in inflammatory response and metabolism of linoleic acid to isoleukotoxins which
we hypothesize worsens steatohepatitis. Transcription factors predicted
to be downregulated by PCB exposure were HNF4α, cMyc, and STAT3
which are downstream of EGFR. A decrease in HNF4α protein expression with Aroclor 1260 exposure was validated by western blot analysis.
Conclusion: Aroclor 1260 exposure diminished expression of proteins
most tightly associated with antioxidation pathways, fatty acid oxidation, and increased expression of proteins associated with inflammatory
response. Future directions will be to establish how these proteomic
alterations occur and if intervention can prevent the NASH pathologic
features previously established with PCB exposure and a HFD.

1115 Mining Human Biomonitoring Data to Identify
Prevalent Chemical Mixtures

Kapraun2,

Wambaugh2,

Ring1,

Tornero-Velez2,

D. F.
J. F.
C. L.
R.
and
R. W. Setzer2. 1Oak Ridge Institute for Science and Education, Oak
Ridge, TN; and 2US EPA, Research Triangle Park, NC.
Through food, water, air, and consumer products, humans are exposed
to tens of thousands of environmental chemicals, and most of these
have not been evaluated to determine their potential toxicities. In recent
years, high-throughput screening (HTS) methods have been developed
that begin to address the need for more efficient toxicity assessment,
but testing still tends to focus on individual chemicals. Meanwhile, the
exposures that people actually experience involve mixtures of chemicals. Unfortunately, the number of mixtures that can be formed from
the thousands of environmental chemicals is huge, and testing all of
them would be impossible, even using HTS techniques. We therefore
need tools for identifying those mixtures that are most relevant. By
applying frequent itemset mining (FIM), a technique traditionally used
for finding patterns in consumer purchasing behavior, to data from
the 2009-2010 cycle of the National Health and Nutrition Examination
Survey (NHANES), we were able to identify 90 prevalent chemical combinations consisting of 4 or fewer chemicals that occur in at least 30% of
the US population, as well as 3 combinations consisting of 24 or more

chemicals that occur in a small but non-negligible proportion of the US
population. We have thus demonstrated a method for reducing a large
set of possible chemical combinations to a much smaller set of prevalent chemical combinations. The views expressed herein are those of the
authors and do not necessarily reflect the views or policies of the US EPA.

1116 Assessing Health Impact of Diverse Mixtures in
the Environment

M.
P. McClure2, and H. Pohl1. 1ATSDR/CDC, Atlanta, GA;
2
and SRC, Syracuse, NY.
Mumtaz1,

To promote consistency among assessments, ATSDR develops guidelines recommending procedures for assessing health impacts from
individual chemicals and their mixtures. Guidelines are updated to
use current research and acquired knowledge. ATSDR is updating the
guidance for mixtures to include a tiered approach for the first time.
Following problem formulation activities (scoping, planning, data collection), Tier 1 evaluates exposure and health effects data for individual
chemicals or mixtures with health-based guidance values. Tier 2 evaluates health effects from combined exposure to multiple chemicals,
using the hazard index approach for non-cancer effects and response
addition for cancer risks. Tier 3 conducts refined analyses, if community
concerns are high and appropriate data and resources are available. Tier
3 can include grouping of chemicals, evidence for interactions among
chemicals, and probabilistic exposure analysis. Two cases of health concerns from environmental contamination with complex petroleum mixtures were analyzed applying the draft guidance framework: 1) workers
breathing indoor air in a building adjacent to a closed fueling station
that previously contaminated ground water with gasoline and 2) people
recreationally exposed to submerged oil in sediments in a river and a
lake resulting from a previous spill of crude oil. Problem formulation
provided rationales for focusing on exposure pathways and chemicals
to be analyzed in selected media, including BTEX (benzene, toluene,
ethylbenzene and xylenes), other volatile organic compounds (e.g.,
naphthalene), and groups of other petroleum hydrocarbons of varying
molecular size classes for both cases, and, in addition, polycyclic aromatic hydrocarbons and some metals for case 2. For case 1, only Tier
1 analysis was needed to conclude that air concentrations, predicted
with a vapor intrusion model, did not approach or exceed non-cancer
Minimal Risk Levels for workers breathing indoor air. For case 2, Tier 1
and 2 analysis supported a conclusion that repeated skin contact and
accidental ingestion of small amounts of oil in submerged sediments
would not result in chronic non-cancer health effects or extra cancer
risk. The case analyses demonstrate the fit-for-purpose design of the
framework and that all three tiers are not necessary for every mixtures
assessment. The framework promotes consistent insights on the closeness of exposure to mixtures and exposure levels associated with health
effects.

1117 Using Adverse Outcome Pathways to Build

Chemical Groups: A Case Study for Hepatic
Steatosis

M. Nelms2,3,, C. Mellor1, M. Angrish3, B. Chorley3, S. Enoch1, J.
Madden1, J. E. Simmons3, M. Cronin1, and S. Edwards3. 1Liverpool
John Moores University, Liverpool, United Kingdom; 2Oak Ridge
Institute for Science Education, Oak Ridge, TN; and 3US EPA,
Research Triangle Park, NC.
The Adverse Outcome Pathway (AOP) framework systematically documents the mechanisms underlying effects of chemicals. Ideally, the AOP
includes the initial interaction of chemicals with the biological system.
Thus, AOPs should help inform chemical grouping by identifying chemicals that interact with a common biological molecule. Establishing such
groups will enable read-across approaches for both toxicological evaluation and risk assessment of chemical mixtures. We have developed
mechanism-based chemical groups by combining high-throughput
toxicity data (HTT) and structural alerts based on an AOP network for
hepatic steatosis (Angrish et al 2016). We extracted HTT data from
ToxCast for nine nuclear receptors (NRs) associated with steatosis: AHR,
ER, FXR, GR, LXR, PPAR, PXR, RAR, RXR. We identified chemicals that were
active in at least one out of the suite of assays for each individual NR (2
to 20 assays/NR). The number of chemicals active in at least one assay
varied with LXR and RAR having the fewest (76 actives) and ER the most
(1439 actives). We profiled each list of chemicals against previously
developed structural alerts relating to NR initiation of steatosis (Mellor et
al 2016). Increasing the number of positive assays required to consider a
chemical active revealed a positive association between the percentage
of chemicals that triggered an alert for the specific NR (e.g. chemicals
active in ER assays triggered an ER alert) for five of the nine NRs (ER, FXR,
GR, PPAR, PXR). Assuming this is due to a reduction in false positives, an
iterative process of assay filtering followed by structural evaluation iden-
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cussed possible involvement of activation-induced cytidine deaminase
(AID) with the mutations based on the observed unique trinucleotide
mutational changes and expression of AID in the transformed epithelial
cells of the cholangiocarcinoma suggested by their immunohistochemical study, although the latter data has not been demonstrated. Based
on the above study, we hypothesize that exposure to DCP enhances
expression of AID in cholangiocytes. Human cholangiocyte cell line was
exposed to DCP or dichloromethane (DCM) at various concentrations of
0, 0.1, 0.5, 1.0 μM. Total RNA was extracted after exposure to DCP or DCM
for 6 hours. Then mRNA of AID was measured by quantitative reverse
transcription PCR. Exposure to DCP increased mRNA expression of AID
dose-dependently with significant changes at 0.5 and 1.0 μM, but exposure to DCM did not induce significant changes at any concentrations.
The present study is the first to demonstrate that exposure to DCP, but
not DCM, induces mRNA expression of AID in human cholangiocytes.
The study supports the hypothesis that DCP induces mutations of cholangiocytes by upregulation of AID.

tified the optimal balance between group size and false positives for
each NR. Existing alerts for three of the nine NRs (LXR, RAR, and RXR) only
identified between 0-1% of the chemicals that were active in at least one
NR-specific assay highlighting the need to expand the chemical space
of alerts for these NRs. This study shows the value of combining information garnered from HTT assays with chemical structure information
held in structure-activity relationships such as structural alerts to identify chemical groupings. (This abstract does not reflect the views or policies
of the US EPA)

1118 In Murine Primary Hepatocytes, Genes

Differentially Transcribed with PCB Treatment
Partially Overlap with AhR, PXR, CAR, and LXRDependent Differential Transcriptomes

K. C. Falkner, H. B. Clair, J. E. Hardesty, T. Kalbfleisch, R. A. Prough,
and M. C. Cave. University of Louisville, Louisville, KY.
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Purpose: Polychlorinated biphenyls (PCBs) are persistent organic pollutants associated with human metabolic diseases including steatohepatitis. Past studies attribute toxic effects of this complex mixture entirely
to arylhydrocarbon receptor (AhR) activation by dioxin-like congeners.
However, most bioaccumulated PCB congeners are non-dioxin-like and
may bind other xenobiotic nuclear receptors, such as the pregnane and
xenobiotic receptor (PXR) and the constitutive androstane receptor
(CAR). We hypothesized that the PCB-dependent transcriptome of
primary mouse hepatocytes would overlap with the transcriptional
output produced by AhR, PXR and CAR ligands. Further, because liver
X receptor (LXR) is implicated in hepatic steatosis and LXR binds similar
response elements to those recognized by CAR and PXR, we hypothesized that the PCB-dependent transcriptome and CAR/PXR-dependent
transcriptomes would overlap with the LXR-dependent transcriptome.
Methods: Primary mouse hepatocytes were seeded on collagen-coated
plates. Each well was treated with DMSO (control), Aroclor1260 (PCB),
or a prototypical ligand that specifically targets one of the 4 receptors
under investigation: AhR, PXR, CAR, or LXR. Cells were collected 6h after
treatment and RNA was extracted. RNA was sequenced to 40M reads per
sample using a NextSeq500. All sequences were aligned to the mouse
reference genome. Average FPKM units from 4 replicates per treatment
were compared to controls. MetaCore was used to analyze subsets of
differentially transcribed genes (DTGs). Results: PCB treatment yielded
123 DTGs, compared to 784 AhR, 736 PXR, 78 LXR, and 56 CAR DTGs. 82
genes were shared in common with at least one other evaluated transcription factor. 41 DTGs within the PCB set were unique. 28 LXR DTGs
overlapped with PXR, 6 with CAR, and 14 with PCB. Conclusions: We
conclude that direct PCB effects on hepatocytes may involve multiple
transcription factors, including AhR, CAR, PXR and LXR. DTGs unique to
PCB treatment may reflect PCB modulation of additional transcription
factors.

Results suggested that amendment of ASL soil with 15% of the batch of
CFA used in this experiment may not elicit mutagenic response in SG.
However, biochemical oxidative stress in SG increased with increasing
CFA concentrations, GSH actively reduced this stress at 15% CFA-soil
amendment, while AMF reduced oxidative stress at both 7.5 and 15%
(w/w) CFA levels in soil.

1120 Safety Evaluation and Bioactivity of Extracts of
Selected Plant Species Used to Treat Sexually
Transmitted Diseases in Southern Africa

P. Mamba2, S. A. Adebayo1, E. T. Tshikalange2, and P. Masoko1.
1University of Limpopo, Sovenga, South Africa; and 2University of
Pretoria, Pretoria, South Africa.
The World Health Organization reported than more than 1 million sexually transmitted infections (STIs) are acquired daily, with an estimated 357
million new infections caused by either chlamydia, gonorrhoea, syphilis
or trichomoniasis. Ten plant species used to treat these infections and its
related symptoms by locals were selected for evaluation. Crude acetone
extracts of the selected plant species were tested against six micro-organisms that causes STI’s and related infections. The determination of
antimicrobial susceptibility of plant extracts was done using the broth
micro-dilution assay. The minimum inhibitory concentration (MIC) was
determined for each plant extract using an indicator (dye) while the free
radical scavenging activity was determined by using the 2, 2-diphenyly-1-picrylhydrazyl (DPPH) methods. The cytotoxicity assay was done on
vero African monkey cells lines with 2, 3-bis [2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxanilide (XTT) reagents. The results
indicated that most of the plant extracts had anti-microbial activity at
concentrations of 12.5 to 0.4 mg/mL. The ethanolic root extract of Acacia
karroo had the lowest MIC value of 0.8 mg/mL in four of the tested
microorganisms; Klebsiella oxytoca, Klebsiella pneumoniae subsp. pneumoniae; Neisseria gonorrhoeae and Staphylococcus aureus. For the antioxidant activity, the lowest IC50 values were observed from Acacia karroo
and Rhoicissus tridentata subsp. cuneifolia with IC50 values of 0.83 µg/mL
and 0.06 µg/mL respectively. The plant extracts with lowest cytotoxicity
to the tested cell lines were extracts of Peltophorum africanum, Jatropha
Zeyheri, Abrus precatorius and Acacia Karroo with IC50 values of 133.3
µg/mL, 123.4 µg/mL, 118.5 µg/mL and 115.2 µg/mL, respectively. Our
results suggest that extracts of Acacia karroo and Rhoicissus tridentata
subsp. cuneifolia are potential candidate as antimicrobial agents in the
treatment of STDs and UTIs. Extracts of these plants had good antimicrobial and antioxidant activities. The cytotoxicity results also support the
safe use of extracts of the plants species with lower cytotoxicity values
on vero monkey cells.The results may support the anecdotal claims for
the use of the selected plant species to treat venereal diseases.

1121 The Role of Oxidative Stress and MT1F in the
1119 Toxicity of Coal Fly Ash and Toxicological

Response of Switchgrass Grown on CFAAmended Soil with or without Arbuscular
Mycorrhizal Fungi or Exogenous Glutathione

O. M. Awoyemi. Tennessee State University, Nashville, TN.
Coal fly ash (CFA) has been gaining attention as soil amendment for
agricultural production and the current focus on bioenergy provides
opportunities for using the byproduct for production of non-food,
bioenergy feedstock. This necessitates thorough investigations into
the molecular toxicological profiles of CFA for this intended purpose.
Experiments were conducted to assess mutagenic response of a mutant
strain of Salmonella typhimurium (TA100) to varying concentrations of
CFA-water extracts, determine molecular oxidative stress responses of
switchgrass (SG) grown in CFA-amended soil, and evaluate potential
roles of arbuscular mycorrhizal fungi (AMF) and reduced glutathione
(GSH) in reducing the oxidative stress response of the bioenergy feedstock. Exposure of TA100 to 0, 5, 10, 15, 20 and 25% CFA-water extracts
(w/v) elicited significant (p<0.05) mutagenic responses at 20 and 25
% (w/v) extract levels but not below the 15% level. Growth of SG in
soil amended with 7.5% and 15% CFA (w/w) caused 19.1% and 28.3%
decreases respectively, in activities of superoxide dismutase (SOD;
similarly, glutathione peroxidase (GPx) activities decreased by 75.9%
and 66.9%, respectively. In contrast, levels of malondialdehyde (MDA)
increased by 30.49% and 38.38%. These differences were significant
(p<0.05) compared to the control treatments. Soil fortification with
0.65 mM GSH solution increased the activities of SOD in SG at 7.5% and
15% CFA-soil amendment, enhanced the activities of GPx at 15% and
significantly (p<0.05) reduced MDA at 15%. Furthermore, soil inoculation with AMF, Rhizophagus clarus in the presence of 7.5% and 15%
CFA amendment significantly (p<0.05) increased the activities of both
SOD and GPx while it significantly (p<0.05) reduced the levels of MDA.

Toxicity of Cadmium and Arsenic Mixtures from
Hazardous Waste Sites in Placental JEG-3 Cells

O. Adebambo1, D. Shea1, and R. C. Fry2. 1North Carolina State
University, Raleigh, NC; and 2University of North Carolina, Chapel
Hill, Chapel Hill, NC.
The occurrence of the heavy metals cadmium (Cd) and inorganic arsenic
(iAs) as mixtures poses unique challenges because of the little known
health effects. The US EPA Risk Assessment Guidance for Superfund
acknowledges that “simultaneous sub-threshold exposure to several
chemicals could result in an adverse health effect” such that estimates
based on single chemicals might underestimate the overall risk. This
work builds on our initial preliminary study demonstrating that there
was a significant synergistic increase in the mRNA expression levels
of metal-responsive and oxidative stress genes – metallothioneins
(MT1A, MT1F and MT1G) and heme-oxygenase 1 (HO-1) in Cd and iAs
environmental mixture-treated cells. Oxidative stress in the placenta,
and dysregulated transforming growth factor beta (TGF-β) pathway
signaling in the maternal vasculature, have been widely investigated
for their contribution to improper placentation and therefore the
pathogenesis of certain pregnancy complications. Hence, we set out
to measure the induction of oxidative stress in placental JEG-3 cells
treated with environmental and laboratory-generated metal mixtures
versus single metals and controls and corresponding TGF-β pathway
gene levels. There was a higher level of reactive oxygen species (ROSs)
–an indicator of oxidative stress– generated in metal-mixture treated
cells versus single exposures and controls. Conversely, co-treatment
with the antioxidant N-acetyl cysteine (NAC) reduced levels of oxidative
stress in the treated cells with a concomitant down-regulation of MT and
TGF-β pathway genes. Furthermore, MT1F knockout was carried out via
CRISPR-Cas9 plasmid transfection, and subsequent expression of TGF-β
pathway genes and other circulating anti-angiogenic factors - sEng and

1122 Co-Exposure to Lead (Pb) and PCB95 or PCB153
Changes Dopamine Levels and Turn-Over in
PC12 Cells

S. H. Enayah, B. Vanle, L. Fuortes, and G. Ludewig. University of
Iowa, Iowa City, IA.
Pb is known to be neurotoxic, particularly in the developing brain. PCB95
(2,2’,3,5,5’,6-hexachlorobiphenyl) is considered the most neurotoxic and
PCB153 (2,2’,4,4’,5,5’-hexachlorobiphenyl) the most prevalent PCB congener in humans. However, no study exists in the literature regarding
the effects of combined exposure to these two different groups of neurotoxic agents. Our working hypothesis is that co-exposure to Pb and
PCBs generates stronger and possibly different toxic effects compared
to each agent alone. Dopaminergic PC12 cells were exposed to 5 and 10
µM of Pb alone or in combination with 5 µM of PCB153 or PCB95 for 12
and 24 h. Cell viability, intracellular and extracellular levels of dopamine
(DA), and DA metabolites was assessed and gene expression and activity
of several anti-oxidant enzymes was determined. Level of extracellular
dopamine (DA) was significantly increased following 24 h co-exposure
to Pb and PCB153 and an increase was seen even after 12 and 24 h
co-exposure to Pb and PCB95. DA metabolites (DOPAL, DOPET, DOPAC)
were not effected in combination exposure compared to the single
exposure with exception of an increase in DOPET after 24h exposure
to Pb plus PCB153. The expression of the main DA synthesis enzyme,
tyrosine hydroxylase (TH), was downregulated after12 h exposure to Pb
alone, but was at the normal expression after co-exposure to PCB153 or
PCB95. Vesicular monoamine transporter 2 (VMAT2) was significantly
downregulated following 24 h co-exposure to Pb and PCB153. MnSOD,
Cu/ZnSOD, catalase and glutathione peroxidase showed different
responses in combination exposure compared to single exposure.
Taken together the findings suggest that Pb and PCBs in combination
have the potential to induce toxicity in PC12 cells. (Supported by the
Iowa Superfund Research Program P42 ES01366).

1123 In Vitro Metabolic Interactions between

Binary Mixtures pf Benzo[a]pyrene (B[a]
P), Dibenzo[def,p]chrysene (DBC) and Their
Metabolites in Rodent and Human Hepatic
Microsomes

S. A. Nag, D. Mehinagic, J. N. Smith, and R. A. Corley. Pacific
Northwest National Laboratory, Richland, WA.
Polycyclic aromatic hydrocarbons (PAHs) are released into the environment by natural and anthropogenic activities. Humans are exposed to
complex mixtures of PAHs through multiple routes. Many PAHs can ultimately form carcinogenic PAH-DNA adducts in vivo via metabolic bioactivation. Since P450 enzymes metabolize a variety of PAHs, it is possible
that PAHs could compete for active sites on enzymes, inhibiting metabolic activity. At the same time, metabolic products like PAH diols also
compete for active sites on the same enzymes, potentially also inhibiting metabolic activity. Altered metabolism could have consequences
for PAH clearance, bioactivation, and detoxification. The objective of this
study is to quantify metabolic inhibition of two PAHs: benzo[a]pyrene
(B[a]P), and dibenzo[def,p]chrysene (DBC) on each other and benzo[a]
pyrene-7,8-dihydrodiol (B[a]P diol) and dibenzo[def,p]chrysene-11,12
diol (DBC diol) (two major metabolites of B[a]P and DBC) in respect to
their parent compounds. Metabolic interference was measured using
the substrate disappearance from binary PAH mixtures incubated in
hepatic microsomes obtained from mice, rats, and humans. Results
show that a mutual competitive interference exists in vitro between
B[a]P and DBC, as also between the parent PAHs and their diol intermediates. DBC inhibits B[a]P metabolism across all species with inhibition constant (Ki) values of 0.997, 1.447, and 0.522 in mice, rats, and
humans, respectively. On the other hand, B[a]P inhibits DBC metabolism significantly in rodents but not in humans with Ki values of 0.781,
11.808, and 2.346 in mice, rats, and humans, respectively. Across species,
metabolism of parent compounds is only slightly affected by the presence of diol metabolites. Parameters obtained from these experiments
will be integrated into PBPK models to understand the implications of
observed metabolic inhibition under relevant human exposure conditions. (Funded by NIEHS Grant No. P42 ES016465)

1124 Generalized Concentration Addition Predicts

Effects of Mixtures of Full and Partial Agonists of
the Estrogen Receptor

T. F. Webster, H. McKenney, and J. Schlezinger. Boston University
School of Public Health, Boston, MA.
Dose/concentration addition (CA) is used to predict the effect of mixtures that act by similar mechanisms or modes of action. But CA cannot
make predictions for effect levels above that achievable by the mixture
component with the lowest efficacy. As partial agonists are common, we
proposed generalized concentration addition (GCA). Application of GCA
requires specification of mathematical functions for individual dose-response curves; the functions must be invertible over the full response
range. We previously used GCA successfully to predict the effect of mixtures of full and partial agonists of both the aryl hydrocarbon receptor
and peroxisome proliferator activated receptor γ. We based the dose-response functions on a pharmacodynamic model describing binding of
a ligand to a receptor at a single binding site followed by activation of
the receptor-ligand complex; this allows for differences in both potency
and efficacy. The estrogen receptor (ER) forms a homodimer with two
binding sites, requiring a different mathematical dose-response function. We derived a function based on the homodimer mechanism and
applied it to genistein and AC186, an agonist and partial agonist, respectively, for ERβ. We generated individual dose-response data for the two
compounds using the T47D-KBluc ER reporter cell line (RRID:CVCL_
K229). Concentrations ranged from 10-11 M to 10-5 M for genistein and
10-12 M to 10-6 M for AC186. Cytotoxicity data were collected to examine
potential toxicity at high doses. We then used the reporter assay to
assess ER activation by mixtures of the two compounds using a grid
design. Four replicates were run of each dose combination. The reporter
data for the two individual compounds were fit to the homodimer
dose-response function. Application of GCA produced predictions for
mixtures of the two compounds. We compared the empirical mixture
data to that predicted by GCA as well as by simple effect summation.
GCA statistically fit the empirical mixtures data better than effect summation. In particular, the partial agonist AC186 had agonistic effects at
low effect levels (where it is dose additive to genistein) and antagonistic
effects to genistein at high levels, as predicted by pharmacological
theory and GCA but not effect summation. These results expand the
potential range of GCA to a wider set of receptors that homodimerize
including the important estrogen and androgen systems.
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1125 Gas-Phase Mutagenicity in Salmonella of

12 Distinct Simulated Smog Atmospheres
Generated Using Environmental Irradiation
Chambers

J. Zavala2, T. P. Riedel2, M. Lewandowski2, J. D. Krug2, S. H.
Warren2, Q. T. Krantz2, C. King2, S. H. Gavett2, W. A. Lonneman2,
T. Kleindienst2, M. Meier1, M. Higuchi2, M. I. Gilmour2, and D. M.
DeMarini2. 1Department of Biology, Ottawa, ON, Canada; and 2US
EPA, Research Triangle Park, NC.
Smog is a complex mixture resulting from interactions of anthropogenic
and biogenic emissions with sunlight. To study this complex interaction
in a controlled lab environment, we used indoor environmental irradiation chambers containing UV lights (300-400 nm) that simulated solar
radiation. We generated 12 distinct smog atmospheres and characterized their chemical composition and mutagenicity. We exposed plates
of Salmonella TA100 minus S9 at the air-agar interface to the atmospheres for up to 16 h, followed by 72 h of incubation to permit mutant
colonies (revertants, rev) to grow. We generated the atmospheres by
continuously injecting nitric oxide, ammonium sulfate as a seed aerosol,
and selected hydrocarbon(s) with UV to create a photo-oxidized smog
mixture. The mutagenic potencies (rev/h ± SE) of 10 atmospheres generated with a single aromatic compound were: toluene (12.0 ± 0.7), o-xylene (11.0 ± 0.8), ethylbenzene (10.7 ± 0.8), 1,3,5-trimethylbenzene (10.7
± 1.2), m-xylene (7.4 ± 0.8), 1,2,4-trimethylbenzene (7.1 ± 1.0), benzene
(5.0 ± 0.6), p-xylene (3.1 ± 0.6), naphthalene (0; cytotoxic), and m-creosol
(0; cytotoxic). Gas-phase analysis of the atmospheres showed that the
mutagenicity correlated (R2 > 0.7) with the concentrations of many secondary reaction products. The mutagenic potency of the atmosphere
produced by gasoline + the aromatic α-pinene was 19.36 ± 2.2 rev/h,
and that by gasoline + the olefin isoprene was 29.89 ± 5.1 rev/h; the
potencies were not significantly different (P = 0.44). Because the gasoline mixtures were the most mutagenic, we analyzed the mutants by
Next-Gen DNA sequencing and found that the gasoline + α-pinene
mutants were 48% G to A & 52% G to T, and that the gasoline + isoprene mutants were 57% G to A & 43% G to T; the mutation spectra
were not significantly different (P = 0.16). In all cases the mutagenicity
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sFlt1 were measured. Our results indicate that the induction of oxidative
stress at a much higher extent in the mixtures than the single exposures
and inhibition of metallothionein contribute to the down-regulation of
critical pathways required for proper placentation during early stages of
pregnancy.

of the atmospheres was direct-acting and occurred only with UV irradiation; atmospheres of the primary reactants (no UV) were not mutagenic.
The results showed that the secondary reaction products formed in the
ambient atmosphere account for the mutagenicity of the gas phase of
polluted air. (Abstract does not reflect policies of the US EPA)

1126 Deposition of 14C-Bisphenol A Increases

in Reproductive Tissues of Mice following
Diethylhexyl Phthalate Administration (Mus
musculus)

E. D. Borman, T. Pollock, and D. deCatanzaro. McMaster University,
Hamilton, ON, Canada.
Xenoestrogens, estrogen mimicking chemicals, are extensively used in
containers and personal care products. Their widespread use exposes
a large percentage of the population in developed countries to these
chemicals through skin absorption, inhalation, and ingestion. Two ubiquitous xenoestrogens, diethylhexyl phthalate (DEHP) and bisphenol A
(BPA), have been shown to perturb blastocyst implantation. Recent work
has shown that concurrent administration of DEHP and BPA can cause
these effects at lower doses. This may be due to DEHP increasing unconjugated BPA in reproductive tissues, thus requiring less BPA to cause
an effect. We sought to determine BPA deposition in various peripheral tissues by injecting 0, 3, 9, or 18 mg DEHP into male and female
CF-1 mice followed by oral consumption of 50 µg/kg 14C-BPA. Animals
were dissected 1 h following 14C-BPA administration and various tissue
samples were acquired. Samples were solubilized and results were
obtained through liquid scintillation counting. Results indicated that the
9 mg and 18 mg DEHP doses increased BPA deposition in the uterus and
ova relative to controls in non-cycling and cycling females, respectively.
The 18 mg dose also increased BPA deposition in male epididymides,
with increased BPA deposition trending with DEHP dose in other reproductive tissues. These results demonstrate that BPA deposition can be
magnified through DEHP administration.

1127 In Vivo Interactions among Five Diverse
30

Environmental Chemicals: Estrogenic Potential
Measured via Elevations in Serum and Tissue
Concentrations of Bisphenol A in Mice

SOT 2017 Annual Meeting

T. Pollock, and D. deCatanzaro. McMaster University, Hamilton,
ON, Canada.
Many toxicological studies examine the effects of a single chemical,
whereas people are commonly exposed to multiple substances that may
interact. We have recently demonstrated elevated 17β-estradiol (E2) and
bisphenol A (BPA) concentrations in mice following treatment with one
of five environmental chemicals. The lowest dose, given once per animal
via subcutaneous injection, that significantly increased E2 and BPA concentrations varied by chemical: [1] triclosan (an antimicrobial agent; 0.6
mg), [2] tetrabromobisphenol A (a flame retardant; 1 mg), [3] butylparaben (a preservative; 1 mg), [4] diethylhexyl phthalate (a plasticizer; 3
mg), and [5] propylparaben (a preservative; 9 mg). We hypothesized
that concurrent administration of multiple chemicals would magnify
BPA concentrations at lower doses than when given independently. We
subcutaneously injected mice with 0.1 mg of each chemical, either alone
or concurrently, then administered 50 ug/kg 14C-BPA in a dietary supplement, and subsequently measured levels of radioactivity in serum and
tissues. Whereas 0.1 mg of each chemical given alone was insufficient to
modulate 14C-BPA concentrations, 0.1 mg of all five chemicals given concurrently significantly elevated 14C-BPA concentrations in serum, reproductive, and other tissues. While BPA is an environmental estrogen with
known endocrine disrupting effects and E2 is the most potent endogenous steroid hormone, the five chemicals studied here show very low
or no affinity for estrogen receptors. Rather, all five chemicals potently
bind and inhibit sulfotransferase, a major enzyme in steroid metabolism. These data are consistent with a mechanism whereby these chemicals compete with BPA for access to metabolic enzymes. Given that
these chemicals are found in numerous consumer products, are readily
absorbed into the body, and are widely detected in humans, these findings demonstrate the importance of considering studies of multiple toxicants when determining regulatory exposure limits.

1128 Placental mtDNA Content and Environmental
Exposure: A Multipollutant Approach

A. Vriens1, T. Nawrot1, W. Baetens6, L. Truckers1, A. Covaci3, K.
Croes7, S. De Craemer7, E. Den Hond2, E. Govarts5, N. Lambrechts4,
V. Helen2, G. Schoeters4, and M. Plusquin1. 1Hasselt University,
Diepenbeek, Belgium; 2PIH, Antwerp, Belgium; 3University of
Antwerp, Antwerp, Belgium; 4VITO, Diepenbeek, Belgium; 5VITO,
Mol, Belgium; 6Vrije Universiteit Brussel, Brussels, Belgium; and
7VUB, Brussels, Belgium. Sponsor: H. Roels.
Placental mitochondrial DNA (mtDNA) content can be indicative of oxidative damage to the placenta during foetal development. We evaluated if placental mtDNA content is disturbed by multiple environmental
pollutants in newborns and independently identified exposures most
relevant for mtDNA content. mtDNA content was measured in placental
tissue using qPCR of 233 newborns. Four perfluoralkyl compounds and
nine organochlorine compounds were quantified in cord blood serum
samples and six heavy metals in whole cord blood. We first applied a
LASSO penalized regression model to identify independent associations
between pollutants and placental mtDNA content, without penalization
of mother and newborn-characteristics. Then adjusted estimates were
obtained using a least squares multivariate linear regression model evaluating the pollutants’ association with placental mtDNA content. Based
on LASSO, oxychlordane, p,p’-DDE, β-HCH, PFNA, PFOA, PFHXS, arsenic,
cadmium and thallium were identified to be independently associated
with placental mtDNA content. In an adjusted multiple exposure model
we observed a significant percent change (95% CI) in mtDNA content for
every 25% increase of the following pollutants: 3% increase (0.3 to 5.3%,
p=0.03) mtDNA content for β-HCH , 5% decrease (-9 to -0.3%, p=0.036)
for thallium and 1.5% increase (0.1 to 2.8%, p=0.038) for arsenic. In a
multi-pollutant approach, low exposure levels of environmental pollutants can affect mtDNA.

1129 The Rise of the Hookah–A Study on the

Composition and Cardiopulmonary Effects of
Hookah Smoke

A. D. Harrington, K. Galdanes, M. R. Marshall, K. Corbett, L.-C.
Chen, and T. Gordon. New York University School of Medicine,
Tuxedo, NY.
Hookah use is on the rise in the United States, particularly among
the young. This study evaluates an array of variables associated with
hookah use in an effort to determine which of these variables are most
associated with an inflammatory response upon smoke exposure. For
instance, not only are two types of shisha examined (e.g. tobacco and
herbal) but five types of charcoal as well (e.g. three quick light, a natural
coconut husk, and an electronic). Given the dynamic system, this study
also investigates the evolution of the smoke over time (e.g. concentrations of select carbonyls and carbon monoxide (CO)) and the variables
that dictate the smokes characteristics (e.g. shisha temperature). The
chemical characteristics of the hookah smoke evolve over time and also
differ with charcoal, although not all of these differences are significant.
The initial puff generally contained a lower concentration of carbonyls,
likely due to the lower initial shisha temperature. However, of greater
concern is the extreme CO concentration, in particular at the beginning
of each session. Although the burning of the shisha itself contributes,
the majority of the CO (98+% of the up to 2,900 ppm concentration)
originates from the charcoal. Due to these chemical characteristics, a 14
day tri-weekly mouse exposure study to explore the effects of hookah
use on the cardiopulmonary system was initiated. The contribution of
the high and sustained dose of CO was examined by utilizing either a
quick light or an electronic charcoal to generate the smoke. There were
negligible differences in PMN infiltration into the lungs between groups
24-hours after the two week exposure. However, cardiovascular differences are observed between all groups. Specifically, the hookah smoke
generated by the quick light charcoal caused an average of 42% and
124% greater phenylephrine induced vasoconstriction of the aortic
artery compared to smoke generated by an electronic charcoal and the
air-control, respectively. In summary, CO concentration within hookah
smoke varies greatly with charcoal type and is likely a major contributor
to cardiovascular stress.

1130 Evaluation of Evidence for Interactions among

Selected Metallic Cations Present in Gas
Extraction Waste Fluids and Recommendations
for Human Health Assessments

P. McClure2, K. Zaccaria2, and H. Pohl1. 1ATSDR, Atlanta, GA; and
2SRC, Inc., North Syracuse, NY.
The possible joint toxic actions of selected metallic cations (sodium,
strontium, barium, iron, and manganese) in waste fluids from shale gas
extraction activities were investigated based on existing data identified
in literature searches. These five metallic ions were selected because 1)
they have been identified in gas extraction fluids, and may be a potential concern if waste fluids leaked into water supplies, and 2) chronic oral
toxicities are relatively well characterized: blood pressure effects (Na),
bone development effects (Sr), kidney effects (Ba), GI disturbances (Fe),
and neurological effects (Mn). The literature search identified information on possible interactions only for Fe and Mn. There is evidence that:
(1) Fe and Mn competitively bind common transmembrane and blood
transport proteins; (2) brain accumulation of Mn can be influenced by
Fe dietary status (deficiency or fortification), and (3) homeostatic gene
and protein expression profiles are altered in response to changes in Fe
and Mn status. However, the available evidence is inadequate to conclude whether or not concomitant oral exposure to excesses of both Fe
and Mn (as expected with possible exposure to waste fluids) will modify
the potentials for Mn to induce neurological effects or Fe to induce GI
effects. Due to inadequate information regarding interactions between
elevated levels of Fe and Mn, and the lack of data for other possible
interactions, an initial screening-level hazard index for all five metals
(with no grouping by common adverse outcomes) is recommended,
followed by calculation of hazard indexes for cardiovascular effects
from sodium and barium and neurological effects from manganese and
barium (components with common toxicity targets). Because calcium
and magnesium, relatively nontoxic metallic cations, are also reported
at high concentrations in gas extraction waste fluids, application of the
approach should be accompanied by a description of uncertainty about
possible influence of these two metallic ions on toxicities of the other
metallic cations.

1132 Thioredoxin-1 Protects Caenorhabditis elegans
from Methylmercury

J. A. Ruszkiewicz1, G. Teixeira de Macedo2, A. Miranda-Vizuete3,
A. B. Bowman4, and M. Aschner1. 1Albert Einstein College of
Medicine, Bronx, NY; 2Federal University of Santa Maria, Santa
Maria, Brazil; 3Hospital Universitario Virgen del Rocío, Sevilla,
Spain; and 4Vanderbilt University Medical Center, Nashville, TN.
Methylmercury (MeHg) is an environmental contaminant linked to
many neurological defects. The thioredoxin system is a key redox regulator affected by MeHg, as shown in numerous in vitro and in vivo
studies; however, the mechanism and consequences of this process are
not completely understood. Caenorhabditis elegans (C. elegans) offers a
unique model to study MeHg toxicity given the advantages associated
with the ease of use and its genetic power. Moreover, C.elegans is a valuable tool in studying the thioredoxin system since in worms, unlike in
other model organisms, thioredoxin knock-outs do not lead to embryonic lethality. Therefore, we used mutants with disrupted thioredoxin
system to evaluate the role of this system in C.elegans susceptibility to
MeHg. Survival tests were performed on synchronized worms at the
developmental stage: L1, L4 and adult. Mutants: trx-1, trxr-1, trx-2, trxr-2,
trx-3, trx-1;trx-2, trx-1;trxr-1, trx-2;trxr-2, trxr-1;trxr-2, and similarly treated
wildtype animals were incubated for 1 hour in M9 buffer with different
concentration of MeHg. Following treatment, animals were washed,
placed on OP50-containing NGM plates and scored. 24h later animals
were scored as dead or alive and dose-response curves were generated.
Worms without trx-1 showed significantly higher susceptibility to MeHg.
The strongest effect was observed in the L4 worms, when single trx-1
mutant and double mutants: trx-1;trx-2 and trx-1;trxr-1 were significantly more susceptible to MeHg than wild type. Decreased survival in
response to MeHg was also recorded for trx-1;trx-2 mutants at the L1 and
trx-1 at the adult stage. Knock-outs of other components of the thioredoxin system: trx-2, trxr-1, trxr-2 and trx-3 did not affect C.elegans susceptibility to MeHg at any of analyzed stage. Further studies are required to
explain the stage-dependent response, identify other effects of MeHg
on the thioredoxin system and its role in MeHg-induced neurodegeneration. Our findings indicate on trx-1 as an important protectant against
MeHg toxicity in C.elegans. (Supported by NIEHS R01 ES07331 to MA and
ABB)

1131 Identification and Cellular Characterization

R. M. Nass, and J. Dobbs. Indiana University, Indianapolis, IN.
Background: Methylmercury (MeHg) is a ubiquitous environmental toxicant that primarily targets the central nervous system and has been
associated with the development of the dopamine (DA) neurodegenerative disorder Parkinson’s disease (PD). We have previously developed
a Caenorhabditis elegans (C. elegans) model of MeHg toxicity that shows
that low, chronic exposure confers DA neuron degeneration that is
largely dependent on the transcription factor SKN-1/Nrf2 and the multidrug resistance protein MRP-7. Aims: In this study we asked how SKN-1
and MRP-7 modulates whole animal and DA neuron vulnerability to
MeHg, and whether novel genes can be identified in MeHg-associated
DA neurodegeneration. Methods: We utilize two reverse genetic screens,
immunofluorescence, transgenic C. elegans, RT-PCR, Western analysis,
and neuronal morphology to characterize the role that SKN-1, MRP-7,
and post-translational modifications play in MeHg-associated toxicity.
Results: Over 17,000 genes were screened for DA neuron sensitivity to
MeHg, and over 90 genes were identified that affect whole animal and/
or DA neuron pathology. These genes strongly correlate with those
associated with the mitochondria, transcription, oxidative stress, and
metabolism. Conclusion: This study describes the further development
of a novel C. elegans model for MeHg toxicity that will likely prove useful
in identifying novel molecular pathways and therapeutic targets that
inhibit MeHg-induced cellular pathologies in humans.

1133 MeHg Affects Src, FAK, and Rho GTPases

Signaling and the Formation of Actin-Based
Membrane Protrusions Necessary for Cell
Movement. A Molecular Mechanism of Neuronal
Migration Inhibition by MeHg

J. A. Hernandez, L. E. Reyes, M. E. Cebrian, and E. S. Calderon.
CINVESTAV, Ciudad de Mexico, Mexico.
Methylmercury (MeHg) is a neurotoxicant distributed worldwide. MeHg
inhibits neuronal migration, a critical process in neurodevelopment.
The cell movement involves a coordinated assembly and disassembly
of actin filaments that results in the formation of the actin-based membrane protrusions. The Rho GTPases family are central regulators of actin
dynamics; Rac is essential for the protrusion formation and forward
movement, and Cdc42 is required to maintain cell polarity. The focal
adhesion kinase (FAK) and Src initiate multiple downstream signaling
pathways that regulate Rho GTPases. Our aim was to study the effects
of MeHg on cell movement, cell protrusion formation, Src and FAK function, and Rac1 and Cdc42 activity in the SH-SY5Y neuroblastoma cell line
stimulated to migrate with PDGF. We evaluated the effect of 10, 100, 500
and 1000 nM MeHg on cell migration by the wound healing assay (3, 6,
and 12 h), cell movement by time lapse (6 h), and the formation of protrusions by F-actin detection. The function of FAK y Src was evaluated by
its phosphorylation. The p-FAKY397 location was detected by immunofluorescences at 6 h, and p-SrcY419 was detected by immunoblotting (5,
15 and 30 min). The Rac1 and Cdc42 activation were evaluated by G-LISA
(5 and 15 min). MeHg (100, 500 and 1000 nM) inhibited PDGF-induced
cell migration, and decreased PDGF-induced cell speed movement, in
a concentration-dependent manner. The PDGF promoted the formation of protrusions and a polarized p-FAKY397 distribution. In PDGFstimulated cells, MeHg inhibited the formation of protrusions and produced p-FAKY397 aggregates distributed in the basement membrane
of the cell, without a polarization pattern. PDGF-induced SrcY419 phosphorylation was inhibited by MeHg (100 to 1000 nM), as well as PDGFinduced Rac1 and Cdc42 activation. Our results suggest that MeHg
affects Src, FAK, and Rho GTPases activity, all of which are involved in
the regulation of assembly and disassembly of actin filaments. Through
these effects MeHg may inhibit focal adhesion disassembly, interfering
with membrane protrusion formation, resulting in the inhibition of
neuronal migration. This study was funded by the Mexican Council for
Science and Technology (Conacyt 152491).
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of Molecular Modulators That Inhibits
Methylmercury-Associated Dopaminergic
Neurodegeneration

1134 Modification of Intracellular Mercury Content
through the Upregulation of Membrane
Transporters Induced by Integrated Stress
Responses
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1136 Methylmercury Alters the Subcellular

Localization of Oxidative Stress Response
Proteins, Nrf2, and Fyn, in Primary Rat Cortical
Astrocytes

F. Usuki, and M. Fujimura. National Institute for Minamata Disease,
Minamata, Japan. Sponsor: A. Naganuma.

M. Culbreth, and M. Aschner. Albert Einstein College of Medicine,
Bronx, NY.

Methylmercury (MeHg) can be transported to cells as MeHg-cysteine
complex via amino acid transporters for methionine and exported
through an ATP-binding cassette (ABC) transporter which functions the
efflux of glutathione conjugates. The expression of these membrane
transporters should affect intracellular mercury content. We examined
the expression of genes encoding methionine transporters, including
LAT1, LAT3, and SNAT2; and the gene encoding an ABC transporter cassette C subfamily 4 (ABCC4), in MeHg-susceptible myogenic cells. Results
of quantitative PCR (qPCR) showed that MeHg exposure upregulated
the mRNA expression of LAT1, SNAT2, and ABCC4 in a dose-dependent
manner and that the upregulation of ABCC4 was much higher than that
of other genes. We previously reported that mild endoplasmic reticulum (ER) stress preconditioning is a useful therapeutic intervention
against MeHg toxicity, the underlying mechanism being the induction
of integrated stress responses. Here, we investigated the effect of mild
ER stress preconditioning on the expression of membrane transporters.
Cells were preconditioned with low concentration of an ER Ca2+-ATPase
inhibitor thapsigargin for 16 h before MeHg exposure. Results of qPCR
and western blotting showed that mild ER stress preconditioning
further upregulated expression of these membrane transporters and
that upregulation of ABCC4 was exceptionally high. Time course study
showed intracellular mercury content corresponded to changes in the
expression of these membrane transporters and a decrease in mercury
concentration in preconditioned cells. Analyses of the role of integrated stress responses on the expression of membrane transporters
demonstrated that nonsense-mediated mRNA decay (NMD) suppression upregulated all of these membrane transporters mRNAs and that
activating transcription factor 4 (ATF4) accumulation upregulated the
mRNA translation of LAT1, SNAT2, and ABCC4. These results suggest that
intracellular mercury content can be modulated through the upregulation of genes encoding membrane transporters by promoting NMD
suppression and ATF4 accumulation.

Methylmercury (MeHg) is a potent developmental neurotoxicant that
induces an oxidative stress response in the brain. It has been demonstrated that MeHg exposure increases nuclear factor erythroid 2-related
factor 2 (Nrf2) activity. Nrf2 is a transcription factor that translocates to
the nucleus in response to oxidative stress, and upregulates phase II
detoxifying enzymes. Although, Nrf2 activity is enhanced subsequent to
MeHg exposure, it has yet to be established that Nrf2 actually moves into
the nucleus as a consequence . Furthermore, it has been observed that
the Src family kinase, Fyn, phosphorylates Nrf2 in the nucleus, resulting
in its inactivation, and consequent downregulation of the oxidative
stress response. The potential effect MeHg exposure might have on Fyn,
however, has yet to be investigated. To address these deficiencies, we
isolated cytosolic and nuclear fractions from primary rat cortical astrocytes untreated or treated with 5 μM MeHg for 1, 6, or 24 hours (hr), and
measured Nrf2 and Fyn protein levels. For brevity, we will only discuss
the 6 hr data. We observed an increase in Nrf2, both in the cytosol (1.27
± 0.12; p=0.08) and nucleus (2.21 ± 0.48; p=0.06), concurrent with an
increase in Fyn in the cytosol (1.43 ± 0.18; p=0.05) and a decrease in
the nucleus (0.46 ± 0.18; p=0.04). These results are consistent with an
oxidative stress response; consequent to MeHg exposure, Nrf2 translocates to the nucleus, while Fyn moves out in order to sustain Nrf2 in an
activated state. These data enhance our comprehension of the mechanism of MeHg toxicity, but further research is necessary to unravel subtle
modifications to the oxidative stress response that ultimately trigger cell
death. All data represent the mean ± SEM of three biological replicates.
(Supported by NIH R01ES0202852 and NIH R01ES07331)

1135 Low Expression of Antioxidant Enzymes Causes
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Vulnerability to Methylmercury at the Deep
Layer of Cerebrocortical Neurons in Mice

M. Fujimura, and F. Usuki. National Institute for Minamata Disease,
Minamata, Japan. Sponsor: A. Naganuma.
Methylmercury (MeHg), an environmental toxicant, induces site-specific neurotoxicity for brain including the deep layer of cerebrocortical
neurons in adult case of Minamata Disease. However, the site-specific
neurotoxicity is still not completely understood. In this study, we investigated the molecular mechanism of site-specific neurotoxicity using
experimental an animal model. MeHg exposure selectively induced neuronal degeneration, e.g. a decrease in the number of neuron; an increase
in the number of migratory astrocytes and microglia/macrophages at
the deep layer of cerebrocortical neurons in mice, in analogy with adult
case of Minamata Disease. It has been reported that anti-oxidative compounds prevents MeHg-induced neurotoxicity in experimental animal
models, suggesting that MeHg causes neuronal toxicity through oxidative stress. Neuronal cells include anti-oxidative enzymes such as copper/
zinc-superoxide dismutase (Cu/Zn-SOD), manganese-superoxide dismutase (Mn-SOD), glutathione peroxidase 1 (GPx1) and catalase. We first
isolated the 3 brain regions including deep layer and shallow layer of
cerebrocortical neurons and hippocampal neurons using a microdissection system, and then performed real-time PCR analyses for mRNAs of
antioxidative enzymes. We observed that the expression levels of Cu/
Zn-SOD, Mn-SOD and GPx1 were significantly higher in shallow layer of
cerebrocortical neurons and hippocampal neurons than in deep layer
of cerebrocortical neurons. Furthermore, we performed immunohistochemical analyses to detect protein expression levels of anti-oxidative
enzymes in mouse brains. Immunohistochemistry especially showed the
high expression of Mn-SOD in shallow layer of cerebrocortical neurons,
which was coincident with the expression pattern of Mn-SOD mRNA.
These findings suggest that the basal expression levels of antioxidative
enzymes contribute to the differences in MeHg susceptibility observed
among in deep layer and shallow layer of cerebrocortical neurons and
hippocampal neurons in adult case of Minamata Disease.

1137 Glutamate Released from Astrocytes after

Extracellular Calcium Concentration Changes
following an Acute MeHg Exposure: A
Comparative Study between Cerebellar and
Cortical Astrocytes

R. Jaiman-Cruz, and W. D. Atchison. Michigan State University,
East Lansing, MI.
Methylmercury (MeHg) is an environmental neurotoxicant that preferentially targets granule cells in the cerebellum. MeHg increases the
internal calcium (Ca2+) concentration in granule cells, which induces an
increase in glutamate release and eventually cytotoxicity. Astrocytes
can buffer glutamate from the extracellular environment and prevent
excitotoxic cell damage. Despite the fact that MeHg primarily affects
granule cells, astrocytes are also targets of this metal. The goal of this
study was to compare the levels of glutamate in the media of cerebellar
and cortical astrocytes after an acute MeHg exposure and to understand
the possible role of extracellular Ca2+ to these levels. Primary astrocyte
cultures from the cerebellum and cortical forebrain layer were obtained
from 7 to 8 day old C57BL/6 mice. At 13-15 DIV, cells were exposed for
3h to 0, 1, 2, or 5µM MeHg. In order to determine if the changes in the
levels of glutamate were caused by the extracellular Ca2+ that entered
into the cell, the cell-impermeant chelator EGTA was used. Levels of
glutamate in the media were measured 24h later, using a colorimetric
assay. There was no difference in glutamate levels on cortical astrocytes.
However, on cerebellar astrocytes, there was a significant increase in
glutamate levels of 1.88 and 2.95ng/µL at 1 and 2µM MeHg respectively,
and an absolute glutamate release of 0.43ng/µL at 5µM MeHg, with a
total increase of 3.85ng/µL from control. Treatment of MeHg+EGTA on
cerebellar astrocytes caused a significant decrease in glutamate levels
of 2.19, 3.28 and 3.67ng/µL at 1, 2, and 5µM MeHg when compared
to MeHg group. These results suggest that following MeHg exposure,
astrocytic glutamate buffering and release capacities are affected due to
changes in external Ca2+ concentration. The noticeable effects of MeHg
exposure in glutamate levels observed on cerebellar astrocytes might
contribute to the preferential sensitivity of the granule cells to MeHg.
(Supported by NIH grants R01ES03299, R25NS54467 and T32GM092715)

Endoplasmic Reticulum and Mitochondria in
Primary Cerebellar Astrocytes

Y. Colon2, R. Jaiman-Cruz1, and W. Atchison1. 1Michigan State
University, East Lansing, MI; and 2Pontifical Catholic University,
Ponce, PR.
Methylmercury (MeHg) contamination remains a global health concern.
This neurotoxicant produces an increase in internal calcium concentration ([Ca2+]i) that causes death in neurons. Astrocytes can also be targeted by MeHg. Similarly to neurons, changes in [Ca2+]i in astrocytes can
occur by calcium (Ca2+) release from intracellular stores. The effects of
MeHg in the smooth endoplasmic reticulum (SER) and the mitochondria of astrocytes have never been studied. The aim of this project was
to study the effect of MeHg in the SER and the mitochondria, and its
relationship with cerebellar astrocyte cytotoxicity. Primary astrocyte cultures from the cerebellum of 7-8 day old C57BL/6 mice were exposed for
3h to 0, 1, 2, or 5μM MeHg. Cytotoxicity was measured using ethidium
homodimer and calcein-AM. In order to determine if astrocyte death
was due to a release in intracellular Ca2+ from SER and mitochondria,
both thapsigargin and carbonyl cyanidem-chlorophenylhydrazone
(CCCP) was used respectively. The normalized mean percentage of cell
death in the MeHg + thapsigargin group was: 17%, 15%, and 24% at,
1, 2, or 5μM MeHg respectively. In the MeHg + CCCP group it was: 0%,
0%, and 3% respectively. Compared to the MeHg group, there was a
significant reduction in cell death of 54% and 73% at 2 and 5µM MeHg
in cerebellar astrocytes treated with MeHg + thapsigargin, and a significant reduction in cell death of 69% and 94% at 2 and 5µM MeHg in cerebellar astrocytes treated with MeHg + CCCP. These results demonstrate
that MeHg effects in the SER and mitochondria can produce cerebellar
astrocyte toxicity. (Supported by NSF grant DBI1359302, and NIH grants
R01ES024064 and T32GM092715)

1139 Methylmercury-Induced Cytotoxicity through

Vesicular Release of Glutamate in Mouse Primary
Cerebellar and Cortical Astrocytes

P. N. Mckeon, R. J. Jaiman-Cruz, and W. D. Atchison. Michigan
State University, East Lansing, MI.
Methylmercury (MeHg) produces excitotoxicity in neurons by increasing
levels of glutamate in their external environment, which leads to neurodegeneration. Astrocytes are important modulators of this environment, preventing excitotoxicity by buffering glutamate release through
the excitatory amino acid transporters (EAAT), especially EAAT2. Studies
have shown that astrocytes are also affected by MeHg exposure, in some
cases adding to the toxic external environment by releasing glutamate.
The objective of this study was to determine if MeHg produced cytotoxicity through vesicular release of glutamate in astrocytes. Due to the
susceptibility of the cerebellum to MeHg, this research aims to compare
astrocytes from the cerebellum with astrocytes from the cortex.
Determining if MeHg differentially affects astrocytes from these two
brain regions could provide us with a better understanding of the mechanisms underlying MeHg toxicity. Primary astrocyte cultures from the
cerebellums and cortices of 7-8 day old C57BL/6 mice were exposed for
3h to 0, 1, 2, or 5μM MeHg. Cytotoxicity was measured 24h after exposure using ethidium homodimer and calcein AM. To determine if astrocyte death was due to a vesicular release of glutamate, Rose Bengal was
added to inhibit the glutamate uptake into vesicular lumen. The mean
percentage of cell death in the MeHg+Rose Bengal group of cerebellar
astrocytes was: 0.6%, 2%, 9%, and 30% at 0, 1, 2, or 5μM MeHg respectively. In the MeHg+Rose Bengal group of cortical astrocytes, it was: 2%,
5%, 14%, and 29% respectively. Compared with the MeHg exposure
group, there was a significant reduction in cell death of 61% and 67%
at 2 and 5µM MeHg in cerebellar astrocytes treated with MeHg+Rose
Bengal. In the MeHg+Rose Bengal group of cortical astrocytes, there was
a significant decrease in cell death of 37% at 5µM MeHg when compared
with the MeHg exposure group. This suggests that the release of glutamate from astrocytes, due to MeHg toxicity, contributes to cerebellar
and cortical astrocytic death. (Supported by NIH grants R01ES024064 and
T32GM092715)

1140 Cytotoxicity through L-Type and the N-Type

Voltage-Gated Calcium Channels after an
Acute Exposure of Methylmercury on Primary
Cerebellar Astrocytes

N. Rivera2, R. Jaiman-Cruz1, and W. Atchison1. 1Michigan State
University, East Lansing, MI; and 2Pontifical Catholic University,
Ponce, PR.
Methylmercury (MeHg) is a potent pollutant that affects the nervous
system, especially the granule cells in the cerebellum. This toxicant produces an increase in internal calcium concentration ([Ca2+]i) through
the influx of calcium (Ca2+) through Ca2+ channels in neurons. Previous
studies suggest that astrocytes are targeted by MeHg before neurons.
Similarly to neurons, changes in [Ca2+]i in astrocytes can occur by Ca2+
influx through Ca2+ channels. The effects of MeHg in the L-type and
the N-type voltage-gated Ca2+ channels of astrocytes have never been
studied. The aim of this project was to study the effect of MeHg in the
Ca2+ channels, and its relationship with cerebellar astrocyte cytotoxicity.
Determining the relationship between MeHg-induced influx of Ca2+ with
cell death could help understand the mechanisms of MeHg toxicity in
cerebellar astrocytes. Primary astrocyte cultures from the cerebellum of
7-8 day old C57BL/6 mice were exposed for 3h to 0, 1, 2, or 5μM MeHg.
Cytotoxicity was determined using ethidium homodimer and calcein-AM. To study if the L-type voltage-gated Ca2+ channel was affected
by MeHg, the inhibitor nimodipine, was used. To determine if the N-type
voltage-gated Ca2+ channel was affected by MeHg, the inhibitor ω-conotoxin GVIA, was used. The mean percentage of cell death in the MeHg
group was: 0.4%, 26%, 69% and 97% at 0, 1, 2, or 5μM MeHg, respectively. Compared to the MeHg group, there was a significant reduction
in cell death of 57% and 62% at 2 and 5 µM MeHg in cerebellar astrocytes treated with MeHg + Nimodipine, and a significant reduction in
cell death of 69% and 97% at 2 and 5 µM MeHg in cerebellar astrocytes
treated with MeHg + ω-conotoxin GVIA. These results demonstrate that
an acute exposure of MeHg produces toxicity through L-type and the
N-type voltage-gated Ca2+ channels on astrocytes. (Supported by NSF
grant DBI1359302, and NIHgrants R01ES024064 and T32GM092715)

1141 The Susceptibility of Spinal Cord Motor Neuron
Cell Line (NSC 34) and Spinal Cord Astrocytes
during Methylmercury Exposure

K. A. Rivera Caraballo2, D. Wiwatratana1, and W. D. Atchison1.
1Michigan State University, East Lansing, MI; and 2University of
Puerto Rico at Humacao, Humacao, Puerto Rico.
The type and severity of neurotoxicity of methylmercury (MeHg) varies
depending on the brain region and cell type. While cortical motor
neurons are highly susceptible to MeHg, the spinal cord motor neurons
are not a primary target of MeHg. Astrocytes play an important role
in neuronal protection from toxic insults, including MeHg, partly due
to their high glutathione content. Nevertheless, our previous study in
NSC34 cells, spinal cord motor neuron-like cell line, suggested they are
less susceptible to MeHg than are primary cultures of mixed spinal cord
neurons and glia. In this study, we compared the susceptibility of NSC34
cells with spinal cord astrocytes to MeHg (0, 1, 2 and 5 µM) from 0 to
48 h using real time cytotoxicity assay, RealTime-Glo MT to measure
cell metabolic activity. Two-way ANOVA results indicated that MeHg
affects both cell types in a concentration- and time-dependent manner
(p<0.05). The onset of the reduction of cell metabolic activity in NSC34
cells depends upon MeHg concentration. NSC34 cells exposure to 5µM
MeHg showed a significant reduction of cell metabolic activity at 15 h
compared to control, while NSC34 cells exposure to 1 or 2 µM MeHg
showed the significant reduction of cell metabolic activity at 24 h and
18 h, respectively (two-way ANOVA with Tukey’s HSD, p<0.05). On the
other hand, the onset of the reduction of cell metabolic activity in spinal
cord astrocytes appears sooner than that in NSC34 cells. The onset of the
reduction of cell metabolic activity significantly appeared at 2 h during
2 µM and 5 µM MeHg exposure while it appeared at 24 h during 1 µM
MeHg exposure. Both results were statistically significant at an alpha
of 0.05. The differential onset of the reduction of the metabolic activity
between these two cell types suggests that differential susceptibility to
MeHg occurs in spinal cord; the spinal cord astrocyte cell cultures are
more susceptible to MeHg than NSC34 cells. (Supported by NIH grant
R01ES024064 and the NINDS ENDURE Program R25NS090989)
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1138 MeHg-Induced Cytotoxicity through the Smooth

1142 MRNA Expression Profile of Nrf2-ARE Pathway

and Excitatory Amino Acid Transporter 3 during
Methylmercury Exposure in NSC34 Motor
Neurons

I. M. Reichardt2, D. Wiwatratana1, and W. D. Atchison1. 1Michigan
State University, East Lansing, MI; and 2University of Wisconsin,
Madison, WI.
The mechanisms by which methylmercury (MeHg) promotes cytotoxicity and perturbs the antioxidant pathway in motor neurons have not
been fully elucidated. This is important inasmuch as motor neurons
have been demonstrated to be a sensitive target of MeHg. Previous
studies have shown MeHg creates oxidative stress in cells by targeting
key antioxidants, such as glutathione (GSH) and thioredoxin reductase
(TxnR). The nuclear factor erythroid 2- related factor 2 (Nrf2)- antioxidant
response element (ARE) pathway combats this oxidative stress by stimulating transcription of hundreds of antioxidant genes. The present study
analyzed early time points of MeHg exposure (0 (control), 30min, 1h, 2h,
3h, 6h, 12h, and 24h) in NSC34 motor neuron-like cells before the onset
of lethality. We found that MeHg (5 μM) caused a significant increase
in Nrf2 mRNA, potentially signifying an activation of the Nrf2-ARE
pathway. Nrf2 mRNA expression steadily increased until 12 hours and
then returned to base control levels. Additionally, MeHg disturbed the
gene expression of antioxidants downstream of Nrf2, such as glutamate
cysteine ligase catalytic subunit (GCLC) and NAD(P)H: quinone oxidoreductase-1 (Nqo1). Nqo1 and GCLC were significantly decreased at every
time except for 30min. Conversely, MeHg had an insignificant effect on
the mRNA expression of TxnR and Kelch-like ECH-associated protein 1
(Keap1). Finally, there was a reduction in the mRNA of excitatory amino
acid transporter 3 (EAAT3), indicating that MeHg may reduce the cells
ability transport of glutamate. Overall, expression of several components of the oxidative defense mechanisms are altered in motor neuron
like cells by acute, low level exposure to MeHg. (Supported by NIH grant
R01ES024064 and NSF REU-DBI-1359302)

1144 Methylmercury Exposure Alters AMPA Receptor
Expression in Spinal Cord Slices of Mice
Expressing the Human Cu2+/Zn2+ Superoxide
Dismutase 1 (hSOD1) Gene Mutation

B. A. Brauer, J. M. Bailey, A. Colon-Rodriguez, and W. D. Atchison.
Michigan State University, East Lansing, MI.
Mice expressing the human Cu2+/Zn2+ superoxide dismutase 1 (hSOD1)
gene mutation (SOD1G93A) are used to model Amyotrophic Lateral
Sclerosis (ALS), as these mice reliably exhibit an ALS-like phenotype
as they age. This model has been used to describe the role of gene X
environment interactions in the onset and progression of ALS. Previous
work has shown that the environmental neurotoxicant methylmercury
(MeHg) can hasten the onset of the ALS-like phenotype in these mice,
on endpoints of motor function as well as intracellular calcium dysregulation. MeHg-induced Ca2+ dysregulation in the SOD1G93A mouse
model occurs in part through AMPAR-mediated pathways. The purpose
of the present study was to identify if changes in gene expression occur
in the AMPARs after MeHg exposure, leading to the observed alterations in Ca2+ and early motor dysfunction in the SOD1G93A mice. Here,
we describe the effects of 20 µM MeHg exposure in spinal cord slices
taken from SOD1G93A, SOD1HuWT and wild type mice of both sexes on
the GluA1-4 subunits of the AMPA receptor. In a second experiment,
motor function as determined by gait analyses (via the Digigait® system)
is compared between these three genotypes over the course of disease
progression. SOD1G93A mice exhibited marked gait abnormalities well
before overt signs of ALS-like phenotype emerged. Acute MeHg exposure caused an upregulation of the GluA1 and GluA2 subunits in the
SOD1HuWT mice. In the SOD1G93A mice, however, MeHg exposure led to a
decrease in the expression of all the GluA subunits. These data suggest
that MeHg alters AMPAR expression and interacts with the SOD1G93A
mutation to enhance neuronal dysfunction. These data support the
hypothesis that a gene X environment interaction is relevant in ALS.
Our quantification of subtle alterations in gait among SOD1G93A mutants
will enhance the characterization of the phenotype in this widely-used
mouse model of ALS. (Supported by NIH grant R01ES024064)

1143 Methylmercury Alters Intracellular Calcium

Concentrations in Human-Induced Pluripotent
Stem Cell Motor Neurons in a Concentration
Dependent Manner
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A. Colón-Rodriguez, N. Colón-Carrión, and W. D. Atchison.
Michigan State University, East Lansing, MI.
Motor dysfunction is one of the primary signs of methylmercury (MeHg)
poisoning. Many studies have implicated the motor dysfunction primarily to the degeneration of cerebellar granule cells (CGCs). However,
rodent studies have demonstrated that motor neurons (MNs) are susceptible to MeHg toxicity in concentrations lower than those observed
in CGCs, having MNs as another possible contributor to the observed
motor dysfunction. Post-mortem studies from MeHg poisoning events
show that α MNs accumulate MeHg, however, the mechanism of toxicity
of MeHg on human MNs is unknown. The goal of our study is to characterize the effects of MeHg on human induced pluripotent stem cell-derived MNs (hiPSC-MNs), to identify what could be occurring in human
MNs after acute exposure to MeHg. DIV 7 hiPSC-MNs were exposed to
0, 0.1, 0.2, 0.5, 1, and 1.5 µM MeHg. Cells were divided into two groups.
One group was perfused with MeHg at the indicated concentrations for
Ca2+ microfluorimetry experiments and another group was exposed to
MeHg for 24 hours and was used for molecular studies. Identification
of MeHg effects on cell viability was performed by Trypan blue exclusion assay. QPCR was performed on the reverse transcript (cDNA) of
RNA isolated from hiPSC-MNs to study glutamate receptor expression.
AMPAR GluA1, 2, 3, and 4 subunits, and the NR1, NR2A, NR2B and NR2C
subunit expression of the NMDA receptor was measured from treated
and untreated cells. Intracellular Ca2+ ([Ca2+]i) alterations were measured
with a ratiometric Ca2+ fluorophore, Fura-2 AM. Relative changes in
[Ca2+]i were measured in treated and untreated hiPSC-MNs. Time and
concentration-dependent cell death of hiPSC-MNs occur after 24 hr
MeHg exposure. Levels of AMPAR and NMDAR subunits decreased after
24hr exposure to 0.5 - 1.5 μM MeHg. However, after 1 μM MeHg exposure NR2A increased. Exposure to 0.1 - 1.5 µM MeHg induced a biphasic
increase in Fura-2, which correlates with an increase in [Ca2+]i. Our
results demonstrate for the first time that MeHg alters [Ca2+]i in human
MNs and that it can be doing so through the alterations in expression of
the glutamate receptors AMPA and NMDA. These results contribute to
the understanding of MeHg effects in MNs.

1145 Study on Developmental Neurotoxicity of

Aluminum Chloride in Zebrafish Embryos and
Larva

Q. Zhang. University of Mississippi Medical Center, Flowood, MS.
Objective: To study the developmental neurotoxicity of aluminum chloride in zebrafish embryos and larvae. Methods: We performed general
toxicity assays on zebrafish embryos, pathological observation on
zebrafish embryos and larvae and behavioral tests on zebrafish larvae.
Firstly, zebrafish embryos were exposed to different concentrations (50,
100, 200, 400, 800 µg/L) of aluminum chloride, the influence of different
concentrations of aluminum chloride on hatching rate and mortality rate
of zebrafish embryos at 6 hours post fertilization (6hpf), 12hpf, 24hpf,
48hpf, 72hpf were observed. Then, we calculated the apoptotic rates of
embryos and larvae treated by 100 µg/L aluminum chloride using acridine orange/ethidium bromide (AO-EB) double staining, the changes of
the neural cells induced by aluminum chloride was observed. Finally, the
neurological function disorder caused by aluminum chloride was investigated by comparing the larval neuroethology changes between exposure and control groups, including 3dpf larvae in touched-evoke escape
reaction, spontaneous movement and light-evoked startle escape
response of 7dpf zebrafish. Results: Aluminum exposure at concentrations of 0-800 µg/L did not induce any significant difference in hatching
rate and mortality rate of zebrafish embryos at 6-72hpf. However, 100
µg/L aluminum chloride impaired the integrity of embryos membrane,
and the apoptotic cells of zebrafish larvae were mainly observed in
the midbrain and hindbrain by AO-EB staining. The zebrafish larvae
behavior data showed that aluminum exposure can significantly reduce
the number of touching escape of zebrafish larvae and susceptibility
of touch stimulation reactions. Aluminum chloride also evoked tremor,freezing or reduced the wall swimming style in 7dpf larvae; the
speed within 2 minutes light period significantly faster than that in dark
period when both exposed to aluminum compared with that to control.
Conclusion: Aluminum chloride may induce the developmental neurotoxicity on zebrafish embryos and larva. The project is supported by
National Nature Science Foundation of China (81673142); Research Fund
for the Doctoral Program of Higher Education of China (20131417110003)

1146 Aluminum Alters the Enzymatic Activity of

β-Secretase and Exacerbates β-Amyloid Toxicity
in Human Neuroblastoma Cells

M. Webb. University of Maryland Eastern Shore, Princess Anne, MD.
Sponsor: A. Ishaque.
Aluminum (Al) is an abundant element in the environment and has a
widespread and important use in industrial applications and consumer
products. Al is a neurotoxin that accumulates in the human brain and
is associated with Alzheimer’s disease (AD). The neuropathological
characteristics associated with AD include the accumulation of amyloid
plaques and neurofibrillary tangles (NFTs). Aluminum may play crucial
roles as a cross-linker in β-amyloid oligomerization. β-Amyloid is derived
from APP via cleavage by two proteases, β- and γ-secretase. β-Secretase,
recently identified as the novel aspartic protease, β-site APP-cleaving
enzyme 1 (BACE1), initiates the formation of β-amyloid. Our aim was to
investigate whether aluminum exposure alters the enzymatic activity
of BACE1 resulting in the formation of β-amyloid in human neuroblastoma cells. Also, we examined whether combined treatment with
Al and β-amyloid act in concert to further increase toxicity to human
neuroblastoma cells. SH-SY5Y cells were exposed for different exposure
periods to different concentrations of aluminum chloride in the presence and absence of β-amyloid. Cell proliferation and viability, β-secretase (BACE1), and ROS production were assessed. Our results indicated
that exposure to Al at concentrations range of 0.001mM to 1 mM did
not show marked effect on cell viability whereas a significant reduction
was observed with extremely high concentrations (5 mM to 100 mM),
and the toxicity of Al showed dose-dependent response. The β-amyloid peptide at 5-20µM induced a decrease in cell viability in a time-dependent manner. Cotreatment with Al (10µM) enhanced the neurotoxic
activity of β-amyloid after 24 h. Treatment with Al (0.01, 0.1, 1, 10 or 100
µM) showed statistically significant increase in the β-secretase activity
for 48h. Maximum activity was observed at Al concentration of 10 µM.
Our results support the hypothesis that the exposure to Al can contribute to AD pathogenesis. Title III.

1148 Cadmium-Induced Cell Death of Basal Forebrain

Cholinergic Neurons Mediated by Muscarinic M1
Receptor Blockade, Increase in GSK-3β Enzyme,
β-Amyloid and Tau Protein Levels

J. Del Pino, P. Moyano, M. J. Anadon, M. J. Diaz, J. M. Garcia, G.
Zeballos, M. De Frias, M. Fernandez, and M. T. Frejo. Complutense
University of Madrid, Madrid, Spain.
Cadmium is a neurotoxic compound which induces cognitive alterations similar to those produced by Alzheimer’s disease (AD). However,
the mechanism through which cadmium induces this effect remains
unknown. In this regard, we described in a previous work that cadmium
blocks cholinergic transmission and induces a more pronounced cell
death on cholinergic neurons from basal forebrain which is partially
mediated by AChE overexpression. Degeneration of basal forebrain cholinergic neurons, as happens in AD, results in memory déficits attributable to the loss of cholinergic modulation of hippocampal synaptic
circuits. Moreover, cadmium has been described to activate GSK-3β,
induce Aβ protein production and tau filament formation, which have
been related to a selective loss of basal forebrain cholinergic neurons
and development of AD. The present study is aimed at researching the
mechanisms of cell death induced by cadmium on basal forebrain cholinergic neurons. For this purpose, we evaluated, in SN56 cholinergic
mourine septal cell line from basal forebrain region, the cadmium
toxic effects on neuronal viability through muscarinic M1 receptor,
AChE splice variants, GSK-3β enzyme, Aβ and tau proteins. This study
proves that cadmium induces cell death on cholinergic neurons through
blockade of M1 receptor, overexpression of AChE-S and GSK-3β,
down-regulation of AChE-R and increase in Aβ and total and phosphorylated tau protein levels. Our present results provide new understanding
of the mechanisms contributing to the harmful effects of cadmium on
cholinergic neurons and suggest that cadmium could mediate these
mechanisms by M1R blockade through AChE splices altered expression.

1149 Arsenic, Cadmium, and Lead Induce Apoptosis in
Cadmium Accumulation and Neurotoxicity in a
Dopaminergic Cell Model of Parkinson’s Disease

G. F. Kwakye, W. Chong, and J. Jimenez. Oberlin College, Oberlin,
OH.
This study examined the role of alpha-synuclein (α-Syn) in regulating
acute cadmium (Cd) cytotoxicity using the N27 immortalized rat mesencephalic dopaminergic neuronal model of Parkinson’s disease (PD)
that stably expresses wild-type human α-Syn or empty vector control.
We report that expression of α-Syn significantly increased Cd-induced
cytotoxicity as compared to empty vector cells upon 24 h exposure.
To explore the cellular mechanisms underlying the increased Cd cytotoxicity in α-Syn cells, we examined oxidative stress, caspase activation, and intracellular accumulation of Cd. Expression of α-Syn significantly enhanced Cd-induced reactive oxygen species production, and
decreased glutathione levels and superoxide dismutase activity after 24
h exposure. Inductively coupled plasma-mass spectrometry revealed a
significant time and dose-dependent increase in the intracellular accumulation of Cd in α-Syn cells as compared to empty vector cells upon
acute Cd exposure. Analysis of the mitochondrial mediated apoptotic
pathway showed greater activation of caspase-9 and caspase-3 in α-Syn
cells upon 24 h Cd exposure. To functionally evaluate the role of metal
transporters in the altered Cd phenotype, we examined Cd toxicity in
the presence of non-toxic levels of Mn(II), Zn(II), and Fe(II). We report
that co-treatment with Mn(II), Zn(II), and Fe(II) modulated the α-Syn x Cd
cytotoxicity phenotype. Finally, co-treatment with antioxidants for 24
h attenuated and rescued the α-Syn x Cd cytotoxicity. Taken together,
these results demonstrate that α-Syn exhibits neurotoxic properties
upon Cd exposure to cause cell death via oxidative stress, increased
intracellular accumulation of Cd, and altered caspase-9 and caspase-3
activation in the N27 dopaminergic neuronal model of PD.

Rat Brain Astrocyte Cells via PPARγ-Dependent
Poly (ADP-ribose) Polymerase: A Comparative
Study of Metal Toxicities

R. Kushwaha. CSIR-Indian Institute of Toxicology Research,
Lucknow, India. Sponsor: S. Bandyopadhyay.
We previously demonstrated that arsenic, cadmium and lead mixture at
environmentally relevant doses induces astrocyte apoptosis. However,
the contribution of individual metals and participating mechanism
remained unidentified. Here we treated cultured rat astrocytes with
single metals and their binary and tertiary combinations, and annexin
V/propoidium iodide assay demonstrated cadmium to be most apoptotic, followed by arsenic and then lead. Towards investigating the
mechanism, we hypothesized participation of transcription factor, peroxisome proliferator-activated receptor gamma (PPARγ), reported to
affect astrocyte apoptosis. We found that the metals stimulated PPARγ
expression, and like PPARγ agonist, troglitazone, enhanced PPARγ transcriptional activity in astrocytes. Co-treatment with PPARγ-siRNA or
the PPARγ-antagonist, GW9662, suppressed astrocyte apoptosis, suggesting a prominent participation of PPARγ in metal(s)-induced astrocyte loss. We explored PPARγ transcriptional activity, and to identify
its target gene in apoptosis, performed in silico screening. We spotted
potential PPAR response elements (PPREs) within poly(ADP-ribose)
polymerase (PARP) gene, and through the gel-shift assay verified
metal(s)-mediated increased PPARγ binding to PARP-PPREs. Chromatinimmunoprecipitation and luciferase-reporter assays, followed by quantitative real-time PCR and western-blotting proved PPRE-mediated
PARP expression, where cadmium contributed most and lead least.
Additionally, in vivo treatment of rats with the metals corroborated
enhanced PPARγ-dependent PARP expression and astrocyte apoptosis
in the rat brain. Overall, our study enlightens a novel PPARγ-dependent
mechanism of As, Cd and Pb-induced astrocyte apoptosis, and presents
comparative involvement of the metals.
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1147 Alpha-Synuclein Enhances Intracellular

1150 Gene-Environment Interaction between Lead
and Apolipoprotein E4 Causes Cognitive
Behavior Deficits in Mice

A. K. Engstrom2, N. Maeda1, and Z. Xia2. 1University of North
Carolina, Chapel Hill, NC; and 2University of Washington, Seattle,
WA.
Alzheimer’s disease (AD) is characterized by progressive cognitive
decline and memory loss. Gene-environment interactions between
genetic risk factors and environmental exposures may perturb learning
and memory, accelerate cognitive decline, and contribute to neurodegenerative diseases, including AD. However, there is a paucity
of information supporting this GXE hypothesis. Here, we assessed for
an interaction between lead and the E4 allele of the Apolipoprotein E
gene (ApoE4) on cognitive behavior using female and male transgenic
knock-in (KI) mice that express the human ApoE4 allele (ApoE4-KI). We
exposed 8-week-old male and female ApoE3-KI and ApoE4-KI mice to
0.2% lead acetate via drinking water for 3 months. We found that lead
reduced contextual fear memory in all animals; however, this decrease
was greatest and statistically significant only in lead-treated ApoE4-KI
females. Similarly, only lead-treated ApoE4-KI females exhibited a significant decrease in spontaneous alternation in the T-maze. Furthermore,
all lead-treated animals developed persistent spatial working memory
deficits in the novel object location test, and this deficit manifested
earlier in ApoE4-KI mice, with female ApoE4-KI mice exhibiting the
earliest deficit onset. Interestingly, the neuronal maturation of adultborn neurons and the dendritic development of immature neurons in
the hippocampus were selectively impaired in female ApoE4-KI mice
exposed to lead, suggesting that the lead-induced cognitive behavior
deficits may be due to impaired adult hippocampal neurogenesis.
These findings provide some of the first direct evidence of a gene-environment interaction between lead and ApoE4 on cognitive impairment. Furthermore, impaired adult hippocampal neurogenesis may be
a potential mechanism underlying this interaction. These results also
provide new insight into how environmental toxicants and genetic risk
factors may interact to contribute to cognitive decline and neurodegeneration.

1152 Vanadium-Induced Behavioral and Cognitive
Impairments: The Protective Role of Grewia
carpinifolia Extract

O. E. Adebiyi, J. O. Olopade, and F. O. Olayemi. University of
Ibadan, Ibadan, Nigeria, Oyo State, Nigeria.
Vanadium (V) has been reported to induce central nervous system toxicity characterized by production of reactive oxygen species causing
neurodegeneration and various behavioural impairments. Oil exploration has further led to an increase discharge to the environment.
Recently, natural products have been the target for discovery of new
pharmaceuticals. This study investigated the possibility of Grewia
carpinifolia ethanolic extract in preventing behavioural alterations following acute vanadium toxicity. Sixty Swiss mice (25-27 g) were randomized into 5 groups (A-E) of 12 animals each. The control Group A
received distilled water, group B; vitamin E (500 mg/kg b.w. every 72
hours), orally along with a daily dose of sodium metavanadate (NaVO3)
i.p. for 7 days, groups C and D; Grewia carpinifolia leaf extract at 100
and 200 mg/kg b.w orally respectively along with NaVO3 i.p. for 7 days
while Group E received NaVO3 i.p. only for 7 days. Behaviour, anxiety,
motor function and memory were analysed by the open field, negative geotaxis, hanging wire tests and Morris water maze respectively.
Co-treatment with Grewia carpinifolia extract significantly reduced
the number of grooming, stretched attend posture and freezing time
and also enhanced vestibular functions. In addition, time spent on the
hanging wire in groups simultaneously administered with the extract
and NaVO3 compared favourably (α > 0.05) with the control groups
but a decrease in latent time was observed in the NaVO3 only group.
In the Morris water maze, concurrent administration of the extract significantly attenuated spatial learning deficits better than the standard
group (α-tocopherol) as indicated by a significant reduction (α ≤ 0.05)
in escape latency in the acquisition trials and a reduction in swimming
time in the target quadrant during the probe trial. Thus, Grewia carpinifolia may act as a protective agent against acute vanadium-toxicity with
a better result at 200 mg/kg b.w.

1153 Histological Alterations and in Connexin
1151 Neuroantibodies (NAb) Are Associated with
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Occupational Lead (Pb) Exposure and Clinical
Outcomes
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El-Fawal1,

El-Gazzar3,

Shamy2. 1American

H. A.
R. M.
and M. Y.
University in Cairo, New Cairo, Egypt; 2King Abdulaziz University,
Jeddah, Saudi Arabia; and 3University of Alexandria, Alexandria,
Egypt.
Chemical exposures continue to be of concern in precipitating neurological insult. Therefore, use of NAb as biomarkers was assessed in 89
demographically matched males (40+6yo) from food packing (n=59) and
lead battery (n=30) industries allowing a range of internal dose as determined by blood Pb (PbB). In addition to work and medical history, a neurological exam consisting of upper and lower limb sensorimotor assessment was scored from 0-6 according to spinothalamic, dorsal column
and muscle deficits. PbB was determined (median:22; range:13-37 μg/dl)
and was the basis of stratification into tertiles (<20, n=28; 20-28, n=41;
>28, n=20) for data analysis. Serum IgM and IgG against neurofilaments
(NF-L, NF-M and NF-H), astrocyte GFAP and myelin basic protein (MBP)
were determined and together with PbB, years of work exposure and
clinical scores stratified after an overall Spearman correlation. Anti-NF-H
and anti-MBP. IgM, anti-NF-L, NF-M and anti-GFAP, IgG, significantly
associated (r>0.30; p<0.02) with PbB and/or clinical scores, but not age
or smoking. All but anti-NF-H and anti-MBP, IgG, were associated with
years of exposure. Prevalence (percent with titers) of anti-MBP, IgM, and
anti-NF-L, NF-H and GFAP, IgG, as well as clinical scores were significantly (p<0.05) higher in the highest PbB tertile compared to the lower
two. Non-parametric comparison of NAb titers between tertiles consistently evidenced higher (p<0.001-0.05) levels of anti-MBP, IgM, and antiNF-L and NF-H and GFAP, IgG, as well as higher clinical scores in the
high PbB tertile. Multiregression modeling suggested that PbB, clinical
outcomes and years of exposure were the primary determinants of antiglial IgM and anti-neuronal IgG (r2>0.2; p=0.0001-0.05), while IgG for
NF-L and IgM for MBP were significant determinants of clinical outcome
(r2>0.4; p=0.0001-0.02). Significant relative risk (>1) and odds-ratios (>1)
for NAb due to occupation supports these observations. The higher
prevalence, elevated NAb and strong associations with exposure measures for anti-NF, IgG, associated with immune memory and acute
insult, and anti-MBP, IgM, associated with chronic insult and primary
challenge, suggests neuronal involvement preceding myelin insult. This
study further validates the use of NAb in monitoring individuals at risk
of neurotoxicity.

43 Expression Induced by the Inhalation of
Vanadium Pentoxide in a Mouse Model

S. Cervantes-Yépez, and T. I. Fortoul Van Der Goes. UNAM,
Mexico City, Mexico.
Vanadium (V) is a transition metal adhered to suspended particles in the
air of cities with high atmospheric pollution such as Mexico City. The
eye is directly exposed to the atmosphere, as well as to the elements
that enter into lung and further are distributed through the systemic
circulation. However, in our murine model of V inhalation, it has been
reported Central Nervous System damage induced by V generated oxidative stress. The retina could be an oxidative stress target because of
its high metabolic activity, high oxygen consumption, low antioxidant
capacity, continuous light exposure and a large surface of phospholipid
bilayer. In our model, it has been reported that V decreases connexin 43
(Cx43) expression in various organs as a consequence of oxidative stress
and retinal edema has been observed. GAP junctions play a pivotal
role in retinal physiology; one of the most abundant connexin is Cx43.
Altogether, the findings mentioned above suggest retinal GAP junctions’ disruption as a consequence of V inhalation. It was hypothesized
that V inhalation would alter the retinal layers organization and Cx43
expression; therefore the objective was to study the effect of V exposure
on retinal histology and Cx43 expression and localization. Male CD-1
mice were exposed to V pentoxide [0.02M] inhalation 1 h at 24 h and
twice/week for 1, 4 and 8 week time period. It was observed that V inhalation generates disruption in nuclear layers organization, number of
nuclei variation and changes in layer’s thickness; the anterior region of
the retina was affected the most. On the contrary, changes in the ganglionar layer were not noticed. This suggests retinal damage induced by
V inhalation is region and layer dependent. Cx43 expression decreased
at 24 h, 1 and 4 weeks but at 8 week exposure time, it reached values
similar to controls. Given that Cx43 is found in the retina in cell types
involved in the blood-retinal barrier, it would be of interest to study the
barrier integrity and GAP intercellular communication.

Acid and Related Compounds As Aryl
Hydrocarbon Receptor Ligands

Y. Cheng1, U.-h. Jin1, L. A. Davidson1, R. S. Chapkin1, A. Jayaraman1,
P. Tamamis1, C. Allred1, M. S. Denison2, A. Soshilov2, E. Weaver1,
and S. H. Safe1. 1Texas A&M University, College Station, TX; and
2University of California, Davis, CA.
1,4-Dihydroxy-2-naphthoic acid (1,4-DHNA) is a bacterial-derived
metabolite that binds the aryl hydrocarbon receptor (AhR) and exhibits
anti-inflammatory activity in the gut. The structure-dependent AhR
activity of hydroxyl/carboxy-substituted naphthoic acids was determined in young adult mouse colonic (YAMC) cells and human Caco2
colon cancer cells using CYP1A1/CYP1B1 mRNAs as Ah-responsive
genes. Compounds used in this study include 1,4-, 3,5- and 3,7-DHNA,
1,4-dimethoxy-2-naphthoic acid (1,4-DMNA), 1- and 4-hydroxy-2-naphthoic acid (1-HNA, 4-HNA), 1- and 2-naphthoic acid (1-NA, 2-NA), and
1- and 2-naphthol (1-NOH, 2-NOH). 1,4-DHNA was the most potent compound among hydroxyl/carboxy naphthalene derivatives, and the fold
induction response for CYP1A1 and CYP1B1 was similar to that observed
for 2,3,7,8-tetrachloridibenzo-p-dioxin (TCDD) in YAMC and Caco2 cells.
1- and 4-HNA were less potent than 1,4-DHNA but induced maximal
(TCDD-like) response for CYP1B1 (both cell lines) and CYP1A1 (Caco2
cells). With the exception of 1- and 2-NA, all compounds significantly
induced Cyp1b1 in YAMC cells and these responses were not observed
in AhR-deficient YAMC cells generated using CRISPR/Cas9 technology.
In addition, we also observed that 1- and 2-NOH (and 1,4-DHNA) were
weak AhR agonists, and 1- and 2-NOH also exhibited partial AhR antagonist activity. SAR studies for CYP1A1 but not CYP1B1 were similar in both
cell lines, and CYP1A1 induction required one or both 1,4-dihydroxy
substituents and activity was significantly enhanced by the 2-carboxyl
group. We also used computational analysis to show that 1,4-DHNA
and TCDD differentially interact with different amino acids in the AhR
binding pocket.

1155 Evaluating Hepatic Congener Levels of Aroclor

1260 in a CAR and PXR Knockout Mouse Model

B. Wahlang. University of Kentucky, Lexington, KY.
Purpose: Persistent organic pollutants including polychlorinated biphenyls (PCBs) bioaccumulate in living organisms leading to multiple diseased states. The lower-chlorinated PCB congeners are metabolizable,
whereas the higher-chlorinated ones are more resistant to metabolism and biodegradation. Most non-coplanar PCBs activate xenobiotic receptors namely the constitute androstane receptor (CAR) and
pregnane-xenobiotic receptor (PXR) which induce cytochrome P450
enzymes essential for xenobiotic metabolism. In the current study,
we evaluated hepatic PCB levels from the commercial PCB mixture,
Aroclor1260, in a CAR and PXR knockout mouse model to determine
if these receptors play a role in PCB metabolism and bioaccumulation
pattern. Methods: PCBs were extracted from livers of male C57Bl/6 (wildtype), PXR-/-, and CAR-/- mice [exposed to Aroclor1260 (20 mg/kg); 10
weeks] using a dispersive solid phase extraction method. PCBs were
subsequently resolved and analyzed using an Agilent GC-triple quadrupole MS (GC-MS/MS) 7000C system equipped with a multimode inlet
and HP-5MS UI column (30m,0.25mm,0.25μm df). Results: PCBs were
grouped according to their chloro-substitutions. The mono-, di-, and
tri-chlorinated congeners were not detected in the knockout groups.
The wildtype mice had higher tetra-chlorinated congener levels versus
the PXR-/- group. The CAR-/- mice had higher hexa- and hepta-chlorinated congener levels versus any other group. Interestingly, the PXR-/mice had increased hepatic Cyp2b10, Cyp3a11 and CAR mRNA levels
while CAR-/- mice had inducible PXR expression but neither Cyp2b10
nor Cyp3a11, suggesting receptor-specific PCB metabolism. Conclusion:
Taken together, these results indicate that hepatic PCB levels vary with
mouse phenotype and presence of functional CAR/PXR. Furthermore,
polymorphisms occur for CAR and PXR in humans. Therefore, gene-environment interactions can impact human PCB metabolism and bioaccumulation pattern which consequently affect PCB toxicity in humans.
(The current study is supported by the NIEHS/NIH grant P42ES007380)

1156 Expression of VDR and Co-Localization with

Neurotransmitter Phenotypes in Teleost Brain

D. Mahapatra, and S. W. Kullman. North Carolina State University,
Raleigh, NC.
Vitamin D (1α, 25-dihydroxyvitamin D3) is a steroid hormone traditionally associated with mineral ion homeostasis. Accumulating evidence
however suggest a wider biological role for vitamin D and its importance in immune function, xenobiotic metabolism, cell differentiation
and neural development. Like other members of steroid hormones, the
biological effects of vitamin D are mediated through the binding of 1α,
25-dihydroxyvitamin D3 (ligand) to its hormone receptor, VDR. VDR is a
member of the nuclear receptor superfamily, comprised of a large group
of ligand-activated transcription factors, which are highly conserved
across vertebrate evolution. In recent years, the vitamin D signaling axis
has emerged as crucial player driving embryonic neurodevelopment
and adult neurodegeneration through it’s role in abating neuroinflammation. Knowledge of the expression patterns of Vitamin D liganded
nuclear receptor (VDR) and its co-expression with other neurotransmitter systems within neuronal cell types is crucial to our understanding
of how vitamin D overall regulates its propitious actions on the brain.
Here we employed in-situ hybridization probes and immunohistochemistry antibodies to detect and localize expression signals in coronal
brain sections in adult teleosts. We demonstrate a near ubiquitous VDR
expression in the brain barring few cell types, show co-localization of
VDR with dopaminergic, glutaminergic, histaminergic, cholinergic,
adrenergic and gabanergic cell phenotypes and discuss potential role of
VDR in conjunction with these neurotransmitters.

1157 NR4A1 Ligands Inhibit Hepatic Gluconeogenesis
K. Mohankumar, U. Jin, X. Li, and S. Safe. Texas A&M University,
College Station, TX.
There is evidence that NR4A1 plays a role in hepatic gluconeogenesis and in this study we investigated the effects of 1,1-bis (3’-indolyl)-1-(p-hydroxyphenyl) methane (DIM-C-pPhOH), a novel NR4A1
ligand, on hepatic gluconeogenesis. Initial studies used glucose-starved
(2 hours) HepG2 and Huh7 liver cancer cells as models and studies using
different conditions and immortalized non-transformed liver cells are
also ongoing. Glucose-starved cells exhibited increased gluconeogenesis and high levels of phosphorylated mTOR and downstream activated
genes including 4EBP1, S6RP, and p70S6K and low phosphorylated
AMPK (p-AMPK). NR4A1 is expressed in HepG2 and Huh7 cells (nuclear
and cytosolic) and treatment with DIM-C-pPhOH rapidly induced
p-AMPK in these cells and this was accompanied by mTOR inhibition
and inhibition of mTOR regulated downstream kinases. There was also
some evidence that DIM-C-pPhOH activated LKB and the role of LKB in
activation of p-AMPK is currently being investigated. In addition, we also
determined the effects of DIM-C-pPhOH and related compounds on key
gluconeogenesis genes including glucose-6-phosphatase (G-6-Pase)
and phosphoenolpyruvate kinase (PEPCK) and their corresponding
promoter-luciferase constructs. DIM-C-pPhOH decrease G-6-Pase and
PEPCK expression thus confirming that NR4A1 ligands are inhibitors of
hepatic gluconeogenesis and the mechanism of this NR4A1-dependent
response will be discussed.

1158 Mechanistic and Structural Impact of
Metabolism on CAR Activity

Mackowiak2,

B.
M. Welch2, L. Li2, D. Li2, S. Heyward1, P. Swaan2, and
H. Wang2. 1Bioreclamation In Vitro Technologies, Baltimore, MD;
and 2University of Maryland School of Pharmacy, Baltimore, MD.
Sponsor: M. Xia.
As a xenobiotic sensor, the constitutive androstane receptor (CAR)
governs the transcription of numerous genes associated with xenobiotic
metabolism and transport that often alter the disposition and toxicological profile of foreign chemicals. Although much is known about how
CAR activation affects xenobiotic metabolism, the effect of metabolism
on CAR activation remains unclear. Here, we show that a known human
CAR antagonist, PK11195 (PK), is metabolized to a potent CAR activator,
(R)-N-desmethyl PK11195 (NDPK), in physiologically-relevant cellular
systems. In human primary hepatocytes (HPH) and HepG2 cells, NDPK
robustly induced the expression of CYP2B6 (a primary target of CAR)
and increased CAR-driven luciferase reporter activity, respectively. In a
HPH-HepG2 co-culture model, ketoconazole, a potent CYP3A4 inhibitor,
significantly inhibited the agonistic conversion of PK to NDPK. Using a
mammalian two-hybrid assay, we showed that repression of CAR/SRC-1
and CAR/GRIP1 coactivator interactions by PK are partially restored by
the presence of NDPK. To further understand the structure-activity relationship (SAR) between CAR, parent compounds, and their metabolites,
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1154 Microbial-Derived 1, 4-Dihydroxy-2-naphthoic

computational modeling was utilized to perform docking studies with
both PK and NDPK and compare their binding properties with those
of CITCO, a CAR activator, and CINPA1, a CAR antagonist. Our studies
showed that both PK and CINPA1 interact with the leucine 343 (L343)
on helix 12 (H12) of CAR, which destabilize H12 and lead to CAR antagonism. In contrast, N-demethylation of PK leads to a reorientation of the
NDPK side-chain in the CAR binding pocket where it does not interact
with L343 and instead shares many common interaction features with
the CAR activator CITCO. Additionally, mutagenesis studies with the
F161Y and K195A CAR mutants that stabilize or destabilize H12 further
confirmed data from computational modeling studies. Together, these
results provide both a mechanistic basis and structural model for how
metabolism affects CAR activity. These findings will shed light on further
development of metabolically-competent cellular screening systems
and assist in the identification of physiologically-relevant modulators of
nuclear receptors from both endobiotic and xenobiotic chemicals.

1159 PXR Mutant Zebrafish
M. Salanga, J. Stegeman, and J. Goldstone. Woods Hole
Oceanographic Institution, Woods Hole, MA.

38
SOT 2017 Annual Meeting

Pregnane X receptor (PXR; NR1I2) is a nuclear receptor that regulates
transcriptional responses to drug and xenobiotic exposure, including
induction of cytochrome P450 3A (CYP3A) transcription. PXR is a promiscuous receptor with a wide range of ligands that often exhibit different responses across species. Genetic knockout studies in mammals
have shown a requirement for PXR in CYP3A induction by PXR ligands,
including pregnenolone carbonitrile. Transient knockdown of PXR in
developing zebrafish using morpholino oligonucleotides revealed
requirements for PXR in CYP3A induction by various ligands, including
the steroid pregnenolone. Here, we report on generation of a zebrafish
line that carries a genetic deletion of more than 100 nucleotides of PXR
coding region in exon 2, predicted to result in loss of a functional gene
product. However, zebrafish larvae homozygous for the mutant PXR
exhibit transactivation of CYP3A and other gene targets of PXR indistinguishable from that of wildtype siblings following exposure to pregnenolone. Thus, partial deletion of PXR exon 2 containing a significant
portion of the receptor DNA binding domain does not give a complete
loss-of-function phenotype. These results suggest the possibility for
an organism to escape the deleterious consequences of a gene mutation by translational plasticity. A zebrafish mutant strain containing a
deletion of exons 7 and 8, composing a large part of the ligand binding
domain, is currently being characterized. (NIH P42ES007381, BU SRP, NIH
R21HD073805)

1160 All-Trans-Retinoic Acid-Mediated Cytoprotection
against Chemical-Induced Renal Injury Is
Mediated by p-ERK Induction

J. M. Sapiro1,2,, T. J. Monks2, and S. S. Lau2. 1University of Arizona,
Tucson, AZ; and 2Wayne State University, Detroit, MI.
Chemical-induced nephrotoxicity is a major cause of acute kidney injury.
Pretreatment of LLC-PK1 cells with all-trans-retinoic acid (ATRA, 25 μM,
24 hr) affords selective cytoprotection against p-aminophenol (PAP),
iodoacetamide, and 2-(glutathion-S-yl)-hydroquinone-induced necrosis.
In contrast, pretreatment of cells with ATRA provides no protection
against cisplatin-induced apoptosis. Co-treatment of LLC-PK1 cells with
these toxicants and ATRA does not provide cytoprotection, suggesting
that critical cell survival signaling pathways are activated prior to toxicant exposure to provide cytoprotection. Interestingly, ATRA did not
alter PAP-induced ROS generation, GSH levels nor Nrf2 expression, suggesting that other cytoprotective mechanisms are engaged by ATRA.
Such cytoprotective mechanisms were therefore investigated. ATRA
rapidly (15 min) induced levels of the cellular stress kinases p-ERK and
p-AKT, with maximum levels achieved at 30 min. Moreover, induction
of these stress kinases was observed at concentrations of ATRA (10 and
25 μM) required for cytoprotection. Inhibition of p-ERK with PD98059
reduced the ability of ATRA to provide protection against PAP toxicity,
implying a role for p-ERK and downstream target genes in the protective
effects of ATRA. Gene ontology analysis of a microarray experiment of
cells treated with ATRA revealed that ATRA rapidly (0.5, 1 hr) induced
growth factors and genes involved in cell proliferation, with subsequent
(8, 12 hr) induction of genes involved in DNA replication, repair, and the
cell cycle. Complementary data from a cell stress protein array indicated
ATRA induced HIF1α 3-fold at 8 hr. Furthermore, the 12 hr microarray
data indicated the HIF1α target genes BLM (encodes a RecQ helicase)
and BHLHE40 (encodes a basic-helix-loop-helix protein involved in cell
differentiation) were increased 3-fold. Interestingly, BHLHE40 also acts

as a corepressor of RXR and RXR-LXR heterodimers. Further investigations on downstream signaling and mitogenic/proliferative effects are
ongoing. Collectively, a signaling cascade of proteins downstream of
p-ERK work cooperatively to afford ATRA protection against renal cell
injury. (ES006694, T32ES007091, ES016578)

1161 An Imaging-Based RNA-Interference Screen

Reveals Novel Key Regulators of the DrugInduced Endoplasmic Reticulum Stress Response

M. Niemeijer, G. Callegaro, and B. van de Water. Leiden University,
Leiden, Netherlands.
The complete understanding of the underlying mechanisms of drug
induced liver injury (DILI) is currently still lacking and is therefore hard
to predict. To improve the prediction of DILI, it is crucial to identify the
underlying cause of DILI. Some hepatotoxicity-inducing drugs cause
perturbations to the endoplasmic reticulum (ER) and may underlie
the development of DILI. Under sustained ER stress conditions, apoptotic pathways will be activated mediated by CHOP induction causing
hepatotoxicity. To obtain a better understanding of DILI, it is therefore
essential to identify novel key regulators of the ER stress response.
Tunicamycin (Tun) is a model compound to study ER stress. We first
determined a concentration response analysis of the Tun-induced
ER stress response in different primary human hepatocyte donors.
Transcriptome analysis using the TempoSeq technology revealed the
upregulation of multiple ER stress related genes by Tun pinpointing the
suitability of this compound at a concentration of 6 μM to further study
ER stress regulation. We then evaluated our previous established HepG2
BAC-GFP reporters of ER stress responses, and the HepG2 GFP-CHOP
reporter seemed optimal for a concentration-dependent activation of
the UPR. We then applied an imaging-based RNAi screen of the druggable genome targeting 3457 genes (kinases, ubiquitinases, transcription factors, epigenetic factors) in HepG2 GFP-CHOP cells to identify key
regulators of the Tun-induced ER stress response. GFP-CHOP expression
after 16 hours of 6 μM Tun treatment was altered upon knockdown by
201 genes. After validation using four individual siRNAs, 74 potential
regulators could be identified. These included BRD4, ELK1 and UFD1L
which drastically increased GFP-CHOP abundance upon knockdown. A
selected set of key validated candidate genes did also affect the time
dynamics of ER stress activation during various DILI compound conditions. In conclusion, our RNAi screen allowed the identification of novel
regulators of the drug-induced ER stress response and will further shape
our understanding and prediction of DILI liabilities.

1162 Ryanodine Receptor Is a Direct Molecular Target
of Chlorpyrifos and Chlorpyrifos Oxon–Novel
Mechanism Linking Aberrant Ca2+ Signaling
in Neuronal Networks Independent of AChE
Inhibition

W. W. Feng2, Z. Cao1, J. Zheng1, G. Robin2, Y. Dong2, G. K. Todd2,
Y. Niknam2, and I. N. Pessah2. 1China Pharmaceutical University,
Nanjing, China; and 2University of California, Davis, CA.
Chlorpyrifos (CPF), O,O-diethyl O-3,5,6-trichloropyridin-2-yl phosphorothioate, is one of the most widely used organophosphate insecticides
in agriculture. Acute and long-term exposures to CPF lead to persistent
neurological, developmental and autoimmune disorders. Irreversible
inhibition of acetylcholinesterase (AChE) is well known as a primarily
underlined mechanism for the toxicity of CPF and its metabolite,
chlorpyrifos oxon (CPFO). However, increasing numbers of studies have
demonstrated that CPF and CPFO exhibit significant toxicity that is unrelated to cholinergic pathway. We found that in cultured mouse neocortical neurons, both CPF and CPFO, but not diisopropylphosphorofluoridate (DFP), consistently cause significant alternations in amplitude and
frequency of spontaneous Ca2+ oscillations (SCOs), the RyRs-dependent
Ca2+ dynamic events. We hypothesize that the disruption of neuronal
Ca2+ dynamics by CPF/CPFO is specifically through RyRs-mediated
pathway. Through various approaches - Ca2+ imaging, specific radioligand ([3H]Ry) binding, single channel voltage clamp recording and multielectrode array (MEA), we investigated the mechanisms by which CPF/
CPFO alter signaling in neocortical and hippocampal cultures, RyR1expressing HEK 293 cells, and isolated membrane preparations from
skeletal muscle and brain cortex. Our results identify that CPF (μM) and
CPFO (nM) effectively and specifically modulate RyR channel activity,
in concentration- and time-dependent manners. To test RyR specificity
and the influence of a known RyR1 gain-of-function mutation RyR1T4826I found in humans, we assessed the effect of chronic CPF or CPFO
exposures in murine hippocampal starting on DIV 1. Measurements
using MEA were made through DIV 14, indicated that CPF (1 μM) and
CPFO (10nM) significantly altered network electrical spike activity in

1163 PAX3-FOXO1A Expression Is Regulated by the

Nuclear Receptor NR4A1 in Rhabdomyosarcoma
and Can Be Targeted by NR4A1 Antagonists

A. Lacey2, and S. Safe1. 1Texas A&M Health Science Center,
Houston, TX; and 2Texas A&M University, College Station, TX.
Alveolar rhabdomyosarcoma (ARMS) is a devastating disease of adolescents and children characterized by expression of the pro-oncogenic
PAX3-FOXO1A fusion gene. The nuclear receptor 4A1 is overexpressed
in tumors from RMS and in ARMS patients, and there is a correlation between high expression of both PAX3-FOXO1A and NR4A1 in
tumors. Knockdown of NR4A1 by RNA interference decreased expression of PAX3-FOXO1A mRNA and protein and several downstream
PAX3-FOXO1A-regulated genes, including nmyc, RASSF4, MyoD1, and
GREMLIN. Treatment of ARMS cell lines with 1,1-bis(3-indolyl)-1-(p-hydroxy or p-carbomethoxyphenyl)methane (C-DIM) NR4A1 antagonists
also decreased PAX3-FOXO1A. Furthermore, using both RNAi, and chromatin immunoprecipitation assays, we demonstrate that NR4A1/Sp4
interactions with GC-rich gene promoter regions are required for expression of PAX3-FOXO1A. Thus PAX3-FOXO1A is an Sp4-regulated gene in
ARMS and NR4A1 acts as a necessary nuclear cofactor for expression of
this gene. NR4A1 also regulates expression of Beta1-integrin in ARMS
cell lines via similar NR4A1/Sp4 interactions with GC-rich promoter
regions. Our results show that and CDIM/NR4A1 antagonists inhibit
expression of both PAX3-FOXO1A and Beta1-integrin as well as ARMS
cell migration. The NR4A1 antagonists also inhibit tumor growth in a
mouse xenograft and thus represents a new class of mechanism-based
anticancer agents for treating ARMS patients overexpression NR4A1.

1164 Performance Evaluation of C57bl/6 Mouse Whole
Genome Sequencing (WGS)

P. Ancian, A. Rogue, L. Bauduin, N. Bride, O. Mégret, and R. Forster.
CiToxLAB, Evreux cedex, France.
WGS data for individual animals can provide benefits for the design and
interpretation of nonclinical toxicology as well as pharmacology studies.
The C57BL/6 mouse, for which the genome is already sequenced,
was chosen as the reference model to evaluate the performance of
WGS using an Illumina NextSeq 500 instrument. As high quality DNA
is a prerequisite for successful WGS studies, three DNA extraction kits
were tested with mouse liver. Sequencing libraries were prepared,
then several sequencing runs were performed to define the optimal
DNA quantity necessary to obtain the best data quality. Data were processed using FastQ toolkit and data QC was performed using FastQC.
Over 246 million reads have been aligned against the C57BL/6 reference sequence (UCSC MM10, 2011) using the BWA software package.
Single nucleotide polymorphisms (SNPs), insertions and deletions were
called and quantified using SAMtools and RTGtool, respectively The best
DNA quality was obtained using the DNeasy kit from Qiagen. For the
sequencing experiment, the injection of a 1.4 pM concentration of DNA
on the flow-cell enabled a mean depth of sequencing of 17.06 x. High
quality data was obtained, with 83.3 % of the sequences having a Qscore
higher than 30, which correspond to a base call accuracy of 99.9%. The
sequenced C57BL/6 genome differed from the reference genome in
about 439,000 SNPs, 16,000 insertions and 43,000 deletions. These differences could be explained by a genetic drift of the animal used for
this WGS experiment and the one used for the generation of the reference sequence in 2011. In conclusion, this experiment validated the
DNA extraction as well as library preparation and sequencing processes
for WGS at CiToxLAB. Knowledge of genomes and particularly whole
genome (WGS), whole exome or targeted sequencing, allows the identification of polymorphisms that can improve understanding of inter-individual variability and susceptibility to toxic and pharmacologic effects
in preclinical studies.

1165 Evidence for Developmental versus

Toxicological Roles for Zebrafish AHR1b

S. Karchner5, M. J. Jenny4,5,, N. Aluru5, D. G. Franks5, L. B. Laub5, E.
Linney2,5,, L. M. Williams1,5,, H. Teraoka3, and M. E. Hahn5. 1Bates
College, Lewiston, ME; 2Duke University, Durham, NC; 3Rakuno
Gakuen University, Ebetsu, Japan; 4University of Alabama,
Tuscaloosa, AL; and 5Woods Hole Oceanographic Institution,
Woods Hole, MA.
The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription
factor that regulates gene expression following activation by TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin) and related compounds. Zebrafish
(Danio rerio), a widely used model for studying vertebrate development
and developmental toxicology, have three AHR genes (AHR1a, AHR1b,
and AHR2) but the distinct roles of these AHRs in biology and toxicology
are not clear. AHR2 is the major form mediating CYP1A induction and
embryotoxicity after exposure to TCDD, non-ortho PCBs, and some PAHs
and indoles. AHR1a does not bind TCDD, but it may be involved in mediating effects of some non-halogenated ligands. AHR1b exhibits high-affinity binding of TCDD, and can activate transcription with an efficacy
comparable to that of AHR2, but with 10-fold lower sensitivity to TCDD.
Here, we show using morpholino knockdown that reduced AHR1b
expression does not protect against TCDD embryotoxicity or reduce the
induction of CYP1A or AHRRs in whole embryos. qRT-PCR and RNA-seq
on whole embryos show that AHR1b is expressed as early as 24 hours
post-fertilization (hpf) and increases through 72 hpf. In situ hybridization
at 24, 48, and 60 hpf reveals that AHR1b mRNA is expressed specifically
in the developing eye. Immunohistochemical staining at 96 hpf shows
that AHR1b expression is concentrated in the retinal inner plexiform
layer (synapses of bipolar, amacrine, and ganglion cells) and outer plexiform layer (synapses of photoreceptor, bipolar, and horizontal cells). In
adults, the highest AHR1b mRNA expression is in the eye, followed by
brain. When AHR1b expression is knocked down in embryos, expression of several genes involved in phototransduction, such as opn1sws1,
pde6h, and arrrestin3, are down-regulated. Expression of an embryonic
hemoglobin, hbbe3, is significantly elevated in AHR1b morphants, suggesting an additional role in erythropoiesis. We used CRISPR-Cas9 technology to generate an AHR1b germline null mutant and are using it to
further investigate the role of AHR1b in development and toxicology.
(R01ES006272, P01ES021923, OCE-1314642)

1166 Toxicogenomic Mapping of Disease-Associated

Genetic Variation Links Polymorphic Antioxidant
Response Elements to Neurodegeneration

M. Slattery, and S. E. Lacher. University of Minnesota, Duluth, MN.
Technological advances have made it relatively easy to compare individual human genomes to identify groups more or less likely to get
certain diseases based on genotype alone. However, data from these
genome-wide association studies (GWAS) are likely confounded by
gene-environment interactions, where environmental factors (xenobiotics, etc.) modify the impact of certain genetic risk loci. In addition,
most disease-associated SNPs fall in noncoding DNA, which is difficult
to interpret. Though they are far less understood than SNPs disrupting
protein-coding sequences, noncoding SNPs have the potential to alter
cis-regulatory sequences bound by transcription factors and impact
gene expression patterns. To begin addressing these issues, we have
integrated large genomics and epigenomics datasets to identify disease-associated SNPs that disrupt binding sites for stress-responsive
transcription factors. This approach has revealed multiple functionally
relevant noncoding SNPs at neurodegenerative disease loci, including
a polymorphic antioxidant response element (ARE) at the MS4A gene
cluster. Variation at the MS4A cluster is associated with Alzheimer's
disease (AD), although the mechanism underlying this association has
remained unclear. Our findings suggest that a strong ARE - the DNA
binding site for the stress-responsive NRF1 and NRF2 transcription
factors - is responsible for the association between the MS4A cluster and
AD. A subset of the population carries the strong ARE sequence, and
this population overexpresses the gene MS4A6A (P = 1.3 × 10-8) and is
more likely to develop AD (P = 1.8 × 10-14). The strong ARE at this locus
is hyper-responsive to compounds that generate oxidative or proteotoxic stress. Thus, the impact of this SNP is likely to be modified by both
intrinsic and extrinsic variables for a given individual, and variants of
this nature must be taken into account as researchers bridge the gap
between disease-associated genetic variation and the exposome.
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both WT and T4826I cultures, with the latter showing significantly magnified responses. Taken together, these data identify a novel high-affinity molecular target of CPF/CPFO neurotoxicity that is independent
of AChE. (Supported by NIEHS R01 P01 ES011269 and P42 ES04699, and US
EPA STARR829388 and R833292)

1167 Tempol Modulates Energy Balance and Glucose
Homeostasis via Regulating Glucose-Like
Peptide-1 (GLP-1)

J. Cai, P. Smith, and A. Patterson. Penn State University, University
Park, PA.
GLP-1 (glucagon-like peptide-1) is an incretin hormone which is produced by intestinal L cells and plays a critical regulatory role in energy
balance and glucose homeostasis. Gut microbiota activity has been
implicated in GLP-1 secretion and regulation and recent evidence suggests that toxicants and other environmental exposures may disrupt
this interaction. It has been demonstrated that tempol, a water-soluble,
stabilized free-radical antioxidant, causes significantly reduced SCFAs,
which might influence GLP-1 levels and downstream activity. Moreover,
the tempol mediated metabolic improvement including reduced
weight gain, and increased insulin sensitivity and glucose metabolism
are consistent with GLP-1 downstream activity. The study demonstrated
increased plasma active GLP-1 level by ELASA and upregulated proglucagon expression (a gene from which GLP-1 is derived) by qPCR in
tempol group. These observations are consistent with improved glucose
metabolism demonstrated by upregulated Pepck, G6pase and Glut2,
insulin resistance and lean phenotype. Two independent gut motility
studies suggested consistently decreased intestinal transit time with
tempol treatment, in agreement with the physiological effect of GLP-1.
Those data suggested that tempol alleviates obesity and metabolic
disorders through regulating GLP-1 level which controls host energy
balance and glucose homeostasis.

1168 Characterization of a Hypermorphic Stress

Responsive cis-Regulatory Element in MGMT

S. E. Lacher, and M. Slattery. University of Minnesota, Duluth, MN.
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Glioblastoma Multiforme is the most common primary brain tumor in
adults and the DNA alkylating agent temozolomide (TMZ) is a first-line
chemotherapeutic agent. O6-methylguanine-DNA-methyltransferase
(MGMT) repairs the primary DNA adduct generated by TMZ; patients
that express little to no MGMT respond better to TMZ treatment than
patients with tumors expressing high levels of MGMT. We have identified a cis-regulatory region within an intron of MGMT, which is bound
by the stress responsive Cap’n’Collar (CNC) family of transcription
factors (TFs). Further, we found that the CNC-targeted cis-regulatory
region contains a single nucleotide polymorphism (SNP) in the CNC
DNA binding motif that is associated with TMZ sensitivity in GBM. The
G allele of this SNP creates a strong CNC DNA binding motif, and the T
allele creates a weaker motif. Using population-based genomic data we
found that the G allele of this SNP results in decreased MGMT expression
in GBM; this suggests that the G allele of this SNP generates a hypermorphic DNA binding motif that is more strongly bound by the repressive CNC TF BACH1 under basal conditions. I functionally validated
this hypothesis by using in vitro electromobility shift assays in which I
proved that the G allele generates a BACH1-DNA binding motif that is
more strongly bound by BACH1 than a motif containing the T allele. I
then aimed to biologically validate this association in vivo; I cloned the
cis-regulatory region containing the CNC enhancer upstream of a luciferase reporter gene, and transfected HEPG2 cells with these constructs
along with either vector or BACH1 overexpression plasmids. The G allele
showed 5-fold higher basal luciferase activity than the T allele. In addition, BACH1 overexpression significantly repressed luciferase activity in
cells transfected with the G allele (vector 1016.1 ± 70.5, BACH1 291.3 ±
43.83, p=0.0001, relative luminescent units). Conversely, the luciferase
activity in cells transfected with the T allele showed no BACH1-mediated
decrease in activity (vector 221.7 ± 34.7, BACH1 299.3 ± 37.9). My data
demonstrates that 1) MGMT is a target gene of the CNC family of stress
responsive TFs, 2) BACH1 binds and actively represses gene transcription via the cis-regulatory region we discovered in MGMT, and 3) the SNP
in the BACH1 binding site of MGMT generates an allele-specific difference in BACH1 binding and transcriptional repression.

1169 Dietary Broccoli Impacts Microbial Community
Structure and Attenuates Chemically Induced
Colitis in High-Affinity and Low-Affinity Ah
Receptor Mice

T. D. Hubbard, I. A. Murray, R. G. Nichols, Y. Tian, M. A. Podolsky, A.
D. Patterson, and G. H. Perdew. The Pennsylvania State University,
University Park, PA.
Intestinal microbes play a significant role within host metabolism,
mucosal structure, and establishment of mucosal immunity, acting as a
pseudo-organ within the host. Multiple environmental and host genetic
factors are being investigated for their capacity to influence microbial
community structure and overall intestinal health. The aryl hydrocarbon
receptor, originally characterized for its role as a xenobiotic sensor, has
been found to influence intestinal homeostasis through modulation of
epithelial barrier function, immune surveillance, and bacterial community structure. Studies utilizing the AHR ligand indole-3-carbinol (I3C),
a phytochemical found in cruciferous vegetables, have been shown to
promote intestinal homeostasis through receptor dependent mechanisms. Such studies suggest that dietary manipulation of receptor
activity by consumption of cruciferous vegetables would provide a
similar effect, however this remains to be established. Utilizing C57BL6/J
mice possessing the high affinity Ahrb or low affinity Ahrd alleles, we
examined the effects of dietary broccoli consumption upon AHR
activity, intestinal microbial community structure, and intestinal homeostasis. Dietary broccoli enhanced AHR dependent signaling pathways
in a strain dependent manner, evidenced by differential upregulation
of intestinal AHR target gene Cyp1a1 expression. 16S rRNA sequencing
identified broccoli mediated variations within microbial communities
that associate with or are independent of AHR genotype. Metagenomic
and metabolomic analyses suggest broccoli-associated microbial compositions are associated with functional shifts in bacterial metabolism.
Within dextran sodium sulfate models of colitis dietary broccoli was
found to significantly attenuate the severity of associated symptoms,
such as weight loss, increased spleen weight, and colonic inflammatory
gene expression. Notably, broccoli did not enhance differentiation of
anti-inflammatory Treg cells, but promoted enhanced expression of Ki67,
Ccnd1, and cMyc indicative of enhanced epithelial proliferative capacity.
(This project was supported by Agriculture and Food Research Initiative
Competitive Grant # 2014-06624 from the USDA National Institute of Food
and Agriculture)

1170 Aryl Hydrocarbon Receptor (AhR) in Leukemic
Stem Cell Differentiation

R. P. Bunaciu, R. J. MacDonald, and A. Yen. Cornell University,
Ithaca, NY.
AhR is increasingly seen not only as a facilitator of carcinogenesis, but
also as a therapeutic target (Safe, 2013; Gasiewicz, 2014; Cheng, 2015;
Unnisa, 2016). We and others have demonstrated that AhR is involved
in regulating stem cell differentiation. However, the mechanistic insight
is incomplete. Both nuclear and cytosolic pathway components have
been reported to be involved. The present study aims to enrich the
understanding of molecular interactions involving AhR during alltrans retinoic acid (RA) induced differentiation. RA induces high rates
of remission in APL, but less so in other AML types. Even in APL, the
initial remission is often followed by relapse if not consolidated with
chemotherapy or arsenic trioxide. Current clinical trials aim to employ
RA in combination with different agents in cancer types other than APL.
We hypothesize that 6-Formylindolo(3,2-b)carbazole (FICZ) enhances
RA-induced differentiation therapy in AML by augmenting RA- elicited
pathways and recruiting new molecular pathways. For this study we
used the HL-60 leukemia model. The effect of RA and RA plus FICZ on
differentiation was assessed by flow cytometric detection of differentiation markers: CD38, CD11b, cell cycle arrest, respiratory burst, aldehyde
dehydrogenase enzymatic activity and glucose uptake. The changes in
protein levels and phosphorylation status in SFK and MAPK pathways
were assessed by western blotting. The protein-protein associations
were assessed by fluorescence resonance energy transfer (FRET). The
global changes involving all the cellular and molecular markers assessed
were interrogated by hierarchical clustering analysis using the R platform. The results confirm our hypothesis that FICZ enhances RA-elicited
pathways and recruits new pathways. Both RA and RA plus FICZ increase
RARα/RXRα association. While RA increases CD38/caveolin interaction,
the addition of FICZ produces no further enhancement. Its addition
does, however, increase AhR/caveolin interaction. RA induces CD38/
pS376SLP-76 interaction. We observed no AhR/pS376SLP-76 interaction. In conclusion, this is a proof of principle that detailed mechanistic insight might reveal novel actionable molecular targets that have
potent effects on differentiation marker expression.

In Vivo Characterization and Transcriptome
Profiling of a Conserved Long Noncoding RNA

G. R. Garcia, B. Goodale, J. LaDu, S. C. Tilton, and R. L. Tanguay.
Oregon State University, Corvallis, OR.
The aryl hydrocarbon receptor (Ahr) is required for vertebrate development and can be inappropriately activated by a diverse group of
chemicals. To identify downstream Ahr targets, RNA was isolated from
48 hpf zebrafish (exposed to 10uM 7,12-benz[a]anthracene quinone)
and sequenced. Among the most elevated genes was a novel long noncoding RNA named sox9b long intergenic non-coding RNA (slincR),
located next to the Sox9b gene (human Sox9 ortholog). Ahr-dependent
repression of Sox9, a conserved transcriptional regulator, is well established in both mammals and fish; however, the mechanism of repression
is unknown. We hypothesize that the conserved slincR is a direct Ahr
target gene that represses Sox9b upon induction by strong Ahr ligands
to produce target organ toxicity. Using anti-sense knockdown, qPCR
and in situ hybridization we have demonstrated that slincR expression
is an Ahr2 (functional human Ahr ortholog) dependent event, is up-regulated by multiple Ahr ligands, is required for Ahr-activated repression
of sox9b, and during development is required for the proper expression levels and spatial expression pattern of sox9b. RNA-sequencing
was performed on 48 hpf slincR and control morphants to identify the
genes/pathways associated with slincR expression during normal development and during Ahr activation via 1 hr exposure to 1 ng/mL TCDD.
The significant biological processes identified when slincR expression is
reduced include translation, cell adhesion, and signal transduction via
Notch signaling. Notch signaling is known to promote Sox9 expression
and the genes enriched in this pathway predominantly had increased
fold changes. In the context of Ahr activation by TCDD exposure, slincR
knockdown is implicated in translation, neurogenesis, neurophysiological process, cell adhesion/cell matrix interactions, regulation of angiogenesis, and Wnt-beta catenin /Notch/VegF/IP3 and integrin signaling.
Several processes identified are known to be dysregulated when Ahr is
activated, such as angiogenesis, cell adhesion/matrix interactions and
neurogenesis. SlincR’s expression pattern in the brain is dramatically
altered in response to TCDD and slincR morphants display an altered
behavioral response phenotype, which further supports a role for
slincR in neurogenesis. (This research was supported by NIEHS Grants P42
ES016465, P30 ES000210, and T32 ES007060)

1172 Aryl Hydrocarbon Receptor-Mediated Epigenetic
Modification

E. J. Wright, A. D. Joshi, and C. J. Elferink. University of Texas
Medical Branch, Galveston, TX.
The Aryl Hydrocarbon Receptor (AhR) is a ligand mediated transcription factor known for regulating response to xenobiotics, including
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). AhR signaling is mediated
via xenobiotic response elements (XREs) found within the promoters
of AhR target genes such as CYP1A1. Our laboratory recently characterized a distinct non-consensus xenobiotic response element (NC-XRE)
that also confers AhR-mediated target gene expression. AhR binding
to NC-XRE sites in response to TCDD involves recruitment of carbamoyl
phosphate synthase 1 (CPS1). Moreover, CPS1 recruitment to the chromatin results in histone H1 lysine 34 homocitrullination (H1K34hcit)–
that is, carbamoylation of the epsilon-amino group of lysine. This
represents a novel epigenetic modification in response to exogenous
agonists such as TCDD, but does not occur following AhR activation
by the endogenous agonist, cinnabarinic acid. We hypothesize the
H1K34hcit formation increases histone mobility in NC-XRE containing
regulatory regions, to promote chromatin accessibility of the transcriptional initiation complex. In support of this hypothesis, we detect
increased levels of H1K34hcit in the nuclear extracts of TCDD-treated
mouse livers. In vivo chromatin immunoprecipitation analyzes confirm
the presence of H1K34hcit post-translational modification is associated
with increased expression of known NC-XRE-driven AhR target genes
(PAI-1, PADI2). Fluorescence recovery after photobleaching (FRAP) in
primary hepatocytes expressing GFP-tagged histone H1 treated with
TCDD, demonstrated increased histone mobility compared to vehicle
treated controls. In contrast, a histone H1 protein harboring a lysine substitution (H1K34R) that could not be homocitrullinated by CPS1, failed
to exhibit enhanced mobility following TCDD exposure. This suggests
increased histone mobility in response to TCDD is dependent upon
H1K34hcit modification. The histone mobility studies are being reconciled with changes in chromatin architecture in NC-XRE containing promoter regions, detected in Micrococcal nuclease assays. In summary,
the data indicate that AhR-CPS1 mediated H1K34hcit is required for
increased histone H1 mobility to enhance transcription of NC-XRE
driven AhR target genes in response to TCDD. This work highlights the
complex relationship between AhR biology and the epigenome in transcriptional regulation.

1173 TCDD Increases Necroinflammation and Hepatic
Stellate Cell Activation but Does Not Increase
Fibrosis during Chronic Liver Injury

K. A. Mitchell, and C. L. Lamb. Boise State University, Boise, ID.
The aryl hydrocarbon receptor (AhR) is a soluble, ligand-activated transcription factor that mediates the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Increasing evidence indicates that the AhR contributes to fibrosis, which refers to excessive or aberrant production of
extracellular matrix proteins. In the liver, hepatic stellate cells (HSCs)
mediate fibrosis through the production of soluble mediators and collagen type I. We recently reported that TCDD treatment increases the
activation of human HSCs in vitro. The goal of this study was to determine how TCDD impacts HSC activation in vivo using a mouse model
of experimental liver fibrosis. To elicit fibrosis, C57BL6/ male mice were
treated twice weekly for 8 weeks with 0.5 ml/kg carbon tetrachloride
(CCl4). TCDD (20 υg/kg) or peanut oil (vehicle) was administered once
a week during the last 2 weeks. Results indicate that TCDD treatment
increased liver-body-weight ratios, serum alanine aminotransferase
activity, and hepatic necroinflammation in CCl4-treated mice. Likewise,
TCDD treatment increased mRNA expression of HSC activation and
fibrogenesis genes, namely α-smooth muscle actin, desmin, delta-like
homologue-1, TGF-β1, and collagen type I. However, TCDD treatment
did not exacerbate fibrosis, nor did it increase the collagen content of
the liver. Instead, TCDD increased hepatic collagenase and gelatinase
activity and increased expression of matrix metalloproteinase (MMP)-13
and associated regulatory proteins. These results support the notion
that TCDD increases CCl4-induced liver damage and exacerbates HSC
activation, yet collagen deposition and the development of fibrosis may
be limited by TCDD-induced changes in extracellular matrix remodeling.

1174 Dioxin Exposure Induces the Thyroid HormoneResponsive Gene klf9 but Inhibits Metamorphic
Changes in Xenopus laevis Tadpoles

R. Schafer, N. Plick, M. K. Colonetta, J. D. Taft, and W. H. Powell.
Kenyon College, Gambier, OH.
Tadpole metamorphosis is a developmental process driven by thyroid
hormone (TH). We used tadpoles of the African clawed frog (Xenopus
laevis) and an X. laevis cell line (XLK-WG) as models to examine effects
of dioxin exposure on TH function at the molecular, cellular, and organismal levels. Gene expression in XLK-WG cells suggests the possibility
of a functional interaction between the thyroid hormone receptor (TR)
and aryl hydrocarbon receptor (AHR) signaling pathways. Expression of
Cytochrome P450 1A6 (cyp1A6), a well-characterized AHR target gene,
was induced at least 300 fold by 100 nM TCDD (2,3,7,8 tetrachlorodibenzo-p-dioxin). Kruppel-Like Factor 9 (klf9) is the primary TH target
gene, the first induced in a cascade of molecular responses tied to
metamorphosis. klf9 was upregulated 5 fold by 50 nM triiodothyronine
(T3) and approximately 2 fold by dioxin. Co-exposure to T3 and TCDD
boosted both responses, inducing cyp1A6 at least 500 fold and klf9 11
fold. Increased target gene induction following co-exposure of cells to
TH and TCDD occurred in the absence of serum in culture media, suggesting that expression changes were not due to altered interactions
with serum binding proteins. Induction of klf9 by TCDD in XLK-WG cells
predicts that exposure speeds the process of metamorphosis in tadpole
tissues. We tested this hypothesis in tail explant culture and in vivo.
Resorption of cultured tadpole tail tissue over 7 days was accelerated by
10 nM T3, but the effect of 100 nM TCDD was not statistically significant,
alone or in combination with T3. Hindlimbs in tadpoles (NF stage 52-54)
doubled in length over four days following 1 nM T3 treatment, 5 fold
greater growth than animals exposed to DMSO vehicle. But limb growth
was unaffected by 100 nM TCDD alone, and co-exposure reduced the T3
effect by nearly 40%. Surprisingly, TCDD inhibition of T3-induced limb
growth occurred despite induction of klf9 mRNA by TCDD, alone (2 fold)
or in combination with T3 (6 fold), after 24 hours. Taken together, these
results suggest that complex in vivo processes, perhaps involving TCDD
toxicokinetics or expression changes in additional transcripts, limit or
reverse the increased rate of metamorphosis predicted by klf9 induction
in cultured cells and intact tadpoles. (NIH R15 ES011130)
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1171 AhR-Dependent Control of Gene Expression:

1175 Anti-Adipogenic Effect of 3,3’-Diindolylmethane
in 3T3-l1 Preadipocytes and Caenorhabditis
elegans

J. Lee1, Y. Yue2, Y. Park2, and S.-H. Lee1. 1University of Maryland,
College Park, MD; and 2University of Massachusetts, Amherst, MA.
3,3’-diindolylmethane is a metabolite of indole-3-carbinol abundant in
cruciferous vegetables. Despite the significance of indole-3 carbinol in
prevention of metabolic diseases, the effect of 3,3’-diindolylmethane
on obesity has not been explored. The present study was conducted
to observe whether 3,3’-diindolylmethane affects adipogenesis and fat
accumulation using 3T3-L1 cells and Caenorhabditis elegans (C. elegans).
Cell viability was not affected by treatment of 3,3’-diindolylmethane
(25 - 200 µM) in differentiated 3T3-L1 adipocytes. Oil Red O (ORO)
staining indicated that 3,3’-diindolylmethane reduced lipid accumulation in a time dependent manner at 75 µM. 3,3’-diindolylmethane also
suppressed expression of adipogenic proteins including peroxisome
proliferator-activated receptor gamma (PPARγ), CCAAT-enhancerbinding protein alpha (C/EBPα), fatty acid binding protein 4 (FABP4),
and perilipin. Regarding to anti-adipogenic mechanism, 3,3’-diindolylmethane induced phosphorylation of AMP-activated protein kinase α
(AMPKα) and acetyl CoA carboxylase (ACC). In vivo study also indicated
that treatment of 3,3’-diindolylmethane reduced the amount of lipid
accumulated in C. elegans. Our data suggest that 3,3’-diindolylmethane
possesses anti-adipogenic activity and inhibits accumulation of fat in
differentiated adipocytes and C. elegans.

1176 Naphthoquinones Directly Activate the AhR
to Potentiate Endogenous AhR-Dependent
Signaling Pathways

S. C. Faber. University of California, Davis, Davis, CA.
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The aryl hydrocarbon receptor (AhR) is a ligand-dependent transcription
factor that is activated by structurally diverse ligands and can induce/
repress a battery of genes responsible for both physiological and toxicological effects. Naphthalene is an environmental contaminant that
undergoes rapid metabolic conversion to form naphthoquinones (NQ)
shown to modify protein thiol groups and form DNA adducts in rodent
models. Recently, 1,2-naphthoquinone (1,2-NQ) and 1,4-naphthoquinone (1,4-NQ) were shown to induce AhR-dependent CYP1a1 in mouse
hepatoma (Hepa1c1c7) cells, however the mechanism by which 1,2-NQ
and 1,4-NQ activate the AhR, and whether NQs can also activate the
human AhR (hAhR) and AhR signal transduction pathway are unknown.
To elucidate this mechanism, we examined the ability of naphthalene,
1,2-NQ and 1,4-NQ to directly bind to and stimulate transformation
and DNA binding of both mAhR and hAhR in vitro and to induce AhRdependent CYP1a1 and luciferase reporter gene expression in mouse
and human hepatoma cells in culture. Hydroxyapatite ligand binding
analysis revealed that 1,2-NQ and 1,4-NQ competitively displaced [3H]
TCDD binding to in vitro synthesized mAhRs containing the mAhR or
hAhR PASB ligand binding domain; naphthalene was not a competitive
ligand. Gel retardation analysis demonstrated that 1,2-NQ and 1,4-NQ,
but not naphthalene, stimulated mAhR and hAhR transformation
and DNA binding, with the hAhR more efficiently transformed into its
DNA binding form. Inhibition of AhR DNA binding by the antagonists
CH223191, SR1, and TMF confirmed the role of the AhR in the chemical-induced protein-DNA complex. Although NQs, like TCDD, induced
CYP1a1/CYP1A1 in mouse and human hepatoma cells, respectively, only
NQs resulted in superinduction of AhR-responsive luciferase reporter
gene expression. Overall, our study demonstrated the ability 1,2-NQ and
1,4-NQ to directly bind to the mouse and human AhR ligand binding
domain and induce AhR-dependent gene expression via the canonical AhR:DRE signaling pathway. These results also further expand our
understanding of the spectrum of structural diversity of AhR ligands.
This work is funded by the NIEHS (ES07685 and ES04699 (MSD) and a
Predoctoral fellowship T32ES007059 (SCF)).

1177 Fumarate Accumulation Increases Intracellular
Ferritin to Drive a Chronic Proliferative Signal

M. J. Kerins1, A. Vashisht2, B. J. Praslicka1, J. A. Wohlschlegel2, and
A. Ooi1. 1University of Arizona, Tucson, AZ; and 2University of
California at Los Angeles, Los Angeles, CA.
Fumarate is a thiol-reactive compound formed endogenously, as a Krebs
cycle intermediate, or pharmacologically, as a metabolite of the drug
dimethyl fumarate. Intracellular fumarate accumulation can occur as a
consequence of biallelic inactivation of the enzyme fumarate hydratase
(FH). Although FH inactivation and fumarate accumulation are associated with a cancer syndrome known as hereditary leiomyomatosis and
renal cell cancer (HLRCC), if and how fumarate accumulation confers a

cancer-promoting growth advantage remains unclear. Here we show
that fumarate confers a chronic proliferative signal by disrupting cellular iron signaling. Specifically, fumarate increases intracellular ferritin
levels by promoting ferritin genes transcription and translation through
the activation of the NRF2 (Nuclear factor (erythroid-derived 2)-like 2)
transcription factor and the inhibition of iron regulatory protein 2 (IRP2)
that normally represses ferritin mRNAs translation. In turn, increased
ferritin protein promotes the activation of the pro-mitotic transcription
factor, FOXM1 (Forkhead box protein M1) via STAT3 (Signal transducer
and activator of transcription 3) signaling. Consistently, clinical HLRCC
tissues showed increased expression of both FOXM1 and its proliferation associated target genes. This finding demonstrates how fumarate
accumulation can endow cells with a growth advantage. Additionally,
it demonstrates how cysteine reactive molecules can act as mitogens in
carcinogenesis.

1178 Network-Based Integration of Transcriptomic
and Proteomic Data to Dissect Mammalian
Cellular Response to External Perturbations

D. Chasman, and S. Roy. University of Wisconsin—Madison,
Madison, WI. Sponsor: W. Murphy.
Regulatory networks that control context-specific gene expression
patterns play a critical role in processing extracellular environmental
information to mount accurate downstream responses at the molecular and phenotypic level. Interrogating high-throughput regulatory
genomic datasets with pathway and network analysis tools is emerging
as a powerful approach to gain a systemic understanding of complex
cellular responses. However, such approaches are in their infancy in
the toxicology field. We have developed an integrative regulatory network-based approach that combines transcriptomic and proteomic
datasets measured under multiple conditions, along with molecular
interaction datasets. We combine expression-based regulatory network
inference, regression with structured sparsity, and network information
flow to infer putative physical regulatory programs for gene expression
modules. The modules capture groups of genes that exhibit cross-condition and condition-specific expression patterns. The networks can be
used to prioritize regulators for validation studies that provide greater
insight into the mechanisms by which the cell perceives and responds to
different perturbations. We applied our approach to identify regulatory
networks, modules, and physical subnetworks that drive host response
to multiple influenza viruses. The inferred networks and modules are
significantly enriched for known pathways of immune response, and
implicate apoptosis, splicing, and interferon signaling processes in the
differential response to viruses of different pathogenicities. We used the
network to prioritize regulators and study virus and time-point specific
networks. RNAi-based knockdown of predicted regulators, including
several previously unknown, had significant impact on viral replication.
Our analysis identified novel module level patterns that capture virus
and pathogenicity-specific patterns of expression and helped identify
important regulators of host response to influenza infection. Our computational methods are broadly applicable to diverse types of perturbations. We are adapting our approach to study cellular responses induced
by small molecules, such as toxins, that interact with the upstream signaling network.

1179 Aryl Hydrocarbon Receptor Activation by

2,3,7,8-Tetrachlorodibenzo-p-dioxin Alters
EBF1 and PAX5 in Impaired Early Human B Cell
Development

J. Li, A. S. Phadnis-Moghe, R. B. Crawford, and N. E. Kaminski.
Michigan State University, East Lansing, MI.
Aryl hydrocarbon receptor (AHR) is a ligand-activated transcription
factor that mediates biological responses to endogenous and environmental chemical cues. Increasing evidence, primarily in rodent
models, shows that the AHR plays a physiological role in hematopoiesis.
However, the effects of persistent AHR activation by the environmental
contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on human B
cell development have not been investigated. Toward this end, an in
vitro human B cell developmental model system was established using
human cord blood hematopoietic stem cells (HSC). Using this model,
we found TCDD markedly suppressed the generation of pro-B cells and
pre-B cells from HSCs, indicating the impairment of B cell development
by TCDD. To demonstrate the effects of TCDD were mediated by AHR,
structure-activity relationship studies using dioxin congeners showed a
correlation between the AHR binding affinity and the magnitude of suppression of B cell development. Moreover, addition of AHR antagonist
reversed the TCDD-elicited reduction of pro-B and pre-B cells, further
suggesting AHR involvement. Gene expression analysis revealed a significant decrease in mRNA level of EBF1 and PAX5, two critical transcrip-

1180 Male Reproductive Toxicity of Subchronic Bolus
versus Continuous Trichloroethylene Exposure

D. M. Klein, S. J. Hall, S. J. Madnick, S. Wilson, E. Dere, and K.
Boekelheide. Brown University, Providence, RI.
Trichloroethylene (TCE) is an industrial solvent that was used as a
degreasing agent. Even though TCE production has been reduced,
groundwater contamination of this halocarbon remains a significant
health concern as a male reproductive toxicant. Due to its high volatility, there is interest in understanding the effects of household exposure via vapor intrusion. Residential vapor intrusion of TCE can follow
two exposure patterns; intermittent spikes in concentration and consistent low level exposure. The purpose of this study was to determine
the impact of two different exposure paradigms on male reproductive
tract toxicity following a 90 day exposure. Rats were either exposed
via drinking water or gavage to mimic consistent low dose exposure
or a bolus dose, respectively, at an equal daily dose. The animals were
allowed to recover for 0, 6 or 12 weeks to assess the impact on spermatogenesis. After approximately two months of exposure, the body
weight for exposed rats was lower than control rats indicative of general
toxicity. Immediately after the 90 day exposure, rats had reduced sperm
motility but not reduced testis weights regardless of the exposure route.
Rats exposed via gavage had reduced epididymal weights, an effect that
normalized following 6 weeks recovery. We conclude that both exposure paradigms produce male reproductive toxicity primarily by acting
on the epididymis with bolus dosing demonstrating greater toxicity.

1181 Establishing an Integrated Ex Vivo Female

Reproductive Tract in a Microphysiologic,
Dynamic, and Microfluidic Platform: Screening
of Reproductive Toxic Chemicals

S. Xiao4, J. R. Coppeta2, H. B. Rogers1, B. C. Isenberg2, J. Zhu1, S. A.
Olalekan1, K. E. McKinnon1, J. E. Burdette3, S. Getsios1, J. J. Kim1,
M. E. Pavone1, E. C. Sefton1, J. T. Borenstein2, and T. K. Woodruff1.
1Northwestern University, Chicago, IL; 2The Charles Stark Draper
Laboratory, Cambridge, MA; 3University of Illinois at Chicago,
Chicago, IL; and 4University of South Carolina, Columbia, SC.
The main female reproductive organs function in relation to one another
to provide hormonal support and anatomical structure for ovulation,
fertilization, embryo implantation, and placentation. Our objective is to
establish an integrated ex-vivo female reproductive tract in a microphysiologic, dynamic, and microfluidic culture system. Murine ovarian tissues
were cultured in the microfluidic system for 28 days, and the system
pumped fluid from the ovary module to downstream tissue modules to
establish sustained circulating flow between all tissues. Results indicated
that the microfluidic system stimulated murine ovarian tissues to recapitulate a human 28-day menstrual cycle hormone profile, and established the endocrine loops between organ modules of the ovary, fallopian tube, uterus, cervix and liver. Doxorubicin (DOX), one of the most
common anticancer drugs but associated with adverse events including
ovarian failure in female cancer patients, was selected to test the potential of the microfluidic culture system in chemical toxicity screening. At
human-relevant exposure levels, DOX significantly disrupted ovarian
follicle growth, hormone secretion, and oocyte reproductive outcomes.
Taken together, our results demonstrate that the ex-vivo female reproductive tract integrated in the microfluidic platform represents a powerful new in vitro tool that allows organ-organ integration of hormonal
signaling and screening of reproductive toxic drugs and environmental
chemicals. (Supported by NCATS/OWHR/NIEHS/NICHD/UH3TR001207)

1182 Chemopreventive Property of Glyphaea brevis

(Spreng) Leaves on 1,4-DinitrobenzeneInduced Testicular Damage: Spermatogenic and
Hormonal Effects in Rats

J. O. Sangodele1,2,, M. T. Olaleye1, T. K. Monsees2, and A. C.
Akinmoladun1. 1Federal University of Technology Akure, Ondo,
Nigeria; and 2University of the Western Cape, Cape Town, South
Africa.
The problem of male infertility is on the rise globally. This study investigated the in vivo anti-infertility property of the leaves of Glyphaea
brevis (Spreng), an underexplored plant distributed on seasonally
flooded forest and riverbanks around the globe. Male Wistar rats were
treated daily for 21 days with methanol leaf extract of Glyphaea brevis
(300, 750, or 1500 mg/kg p.o.) alone or in combination with 50 mg/kg
1,4-Dinitrobenzene (DNB) p.o. The positive control group received DNB
alone. Vitamin E (300 mg/kg) served as the reference drug. DNB-treated
rats showed decrease in body weight gain and weights of testes, prostate gland, seminal vessicle and epididymis. However, co-administration with extract or Vitamin E significantly reversed these changes in
DNB-treated rats. Administration of extract or Vitamin E significantly
prevented DNB-mediated adverse effect on sperm kinematics and
epididymal sperm concentration and reversed the increased level of
sperm abnormalities to near control values. In testes and spermatozoa,
DNB treatment resulted in significant decrease in glutathione level and
activities of superoxide dismutase, catalase, glutathione peroxidase and
glutathione S-transferase whereas it increased hydrogen peroxide and
malondialdehyde levels. Moreover, serum levels of testosterone, luteinising hormone and follicle stimulating hormone were decreased in
DNB-treated rats. DNB treatment caused moderate congestion of interstitial vessels and oedema in the testes, fibrotic connective tissues and
lack of spermatozoa storage in the epididymis. These results demonstrated the efficacy of Glyphaea brevis leaves in ameliorating DNBinduced testicular damage via reduction of oxidative stress and positive
modulation of reproductive hormones and indicate its chemopreventive potential in the treatment of male infertility.

1183 Evaluation of the Reproductive Toxicity of

Cnestis ferruginea (de Candolle) Root Extract in
Male Rats

F. O. Olayemi. University of Ibadan, Ibadan, Nigeria.
Cnestis ferruginea (Connaraceae) is a shrub used locally as antibacteria
and antimalaria agent in the southern part of Nigeria. Many antimalaria
medicinal plants have effects on the reproductive system. This study
was carried out to evaluate the reproductive toxicity of the methanolic extract and purified fractions from the root of the plant in rats.
The methanolic extract was administered orally at 500, 1000 and 2000
mgkg-1bw to rats weighing 160-220 g in the test groups and distilled
water to those in the control group for 5 (acute), 30 (sub-chronic) and
60 (chronic) days. Effects of the extract and purified fractions, on male
fertility were assessed by sperm function analyses, testicular weight,
mating experiment and histological examination of testes. The reproductive effects of the extract and purified fractions were compared with
those of quinine sulphate. Plasma testosterone, luteinizing hormone
(LH) and follicle stimulating hormone (FSH) concentrations were determined to elucidate the probable mechanism of action of the extract on
male reproduction. Student’s t-test and analysis of variance were used
to test for levels of significance. Acute oral administration of methanolic
extract resulted in dose-dependent reduction in sperm count, viability,
motility and morphology. There were decreases (P<0.05) in plasma testosterone concentration at 2000 mgkg-1bw and the weight of testes at
500 mgkg-1bw during the 5 day exposure. Prolonged administration
of 500mgkg-1bw of the extract caused significant reductions in sperm
count, motility, viability, and morphology on the 30th and 60th day of
treatment. Each of the six chromatographic fractions (1-6) from the
extract administered orally (100, 1000 and 2000 µgkg-1bw for 60 days)
caused significant reduction (P<0.05) in the sperm counts, motility,
viability, morphology and testosterone values. The methanolic extract
and chromatographic fractions caused reversible degeneration of testis.
However, fractions 3 and 4 caused the highest reduction (P<0.05) in
fertility, FSH and LH levels. The reproductive effects of fractions 3 and
4, which contain quinolizidine alkaloid, were comparable to those of
quinine sulphate. There was recovery from the reproductive and toxicity
effects of the extract after 60 days of withdrawal. The results suggest
that Cnestis ferruginea possesses reversible male antifertility effects
which are due to quinolizidine alkaloid.
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tion factors regulating B cell development. In addition, binding of the
ligand activated AHR to the putative dioxin response elements (DREs)
in EBF1 promoter were demonstrated by EMSA-Western assays, suggesting transcriptional regulation of EBF1 by AHR. Taken together, this
study demonstrates for the first time, the impairment of early human B
cell development by TCDD, and suggests that transcriptional alterations
of EBF1 by AHR are involved in the underlying mechanism. (This work is
supported in part by NIH ES002520).

1184 Polycyclic Aromatic Hydrocarbons Altered DNA
Methylation of Spermatogenic Cells during
Spermatogenesis

A. Jeng. Old Dominion University, Norfolk, VA.
Polycyclic aromatic hydrocarbons (PAHs) are a mixture of established
reproductive and developmental toxicants. This study aimed to investigate whether PAHs affect genomic DNA methylation of germ cells during
spermatogenesis. Extracted PAHs from exhausts of coke-oven processes
were dissolved in corn oil and orally exposed to mice (10/group) at two
doses of 0.5 and 10 mg/kg/body weight, along with a control group
with corn oil only. After 30 days of exposure, spermatogenic cells were
collected and separated into spermatogonia, pachytene, round spermatid, elongating spermatid, and spermatozoa using the velocity sedimentation cell separation technique. Isolated DNA from each cell type
was analyzed for global DNA methylation using the Methylamp Global
DNA Methylation Quantification Kit, and PCR of sodium bisulfite-converted DNA for downstream sequencing. PAHs altered genomic DNA
methylation patterns for spermatogenesis by decreasing percentages
of DNA global methylation in pachytene and round spermatids. Also,
PAHs deceased the peaks of expression for DNMT1 and DNMT3 in spermatogonia and spermatocytes. Further studies are needed to determine
how alteration of DNA methylation links to heritable epigenetic consequences associated with embryonic development.

1185 Maternal Uterine Artery Ad.VEGF-DDnΔC Gene

Therapy for Placental Insufficiency Shows No
Evidence of Harm in a Rabbit Model

C. Dauzat1, C. Bansard1, A. Nguyen1, S. Bentz1, F. Spézia1, R. Forster1,
M. Lees2, T. Heikura4, and A. L. David3. 1CiToxLAB, Evreux cedex,
France; 2Magnus Growth Ltd, London, France; 3UCL Institute for
Women’s Health, London, United Kingdom; and 4University of
Eastern Finland, Kuopio, France.
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Placental insufficiency leading to fetal growth restriction (FGR) affects
1:300 pregnancies, is untreatable and causes serious neonatal morbidity
and death. Reduced uterine blood flow (UBF) is a cause. Transduction
of uterine arteries (UtAs) in normal and FGR animal models using an
adenovirus vector (Ad) encoding VEGF isoforms increases UBF, improves
fetal growth in utero and may benefit human FGR. The EVERREST consortium (www.everrest-fp7.eu) is translating uterine artery injection of Ad
encoding the pre-processed VEGF-D isoform (Ad.VEGF-DDNΔC) into the
clinic to treat severe early onset FGR. Using the pregnant rabbit which
has a similar placentation to third trimester human placenta, we studied
the effect of high and low dose Ad.VEGF-DDNΔC UtA vector administration to dams and their offspring. Methods: Time-mated female primigravid New Zealand white rabbits underwent X ray guided serial catheterisation and injection of both UtAs under general anaesthesia on day
19 postconception. Dams received an intravascular injection (0.8mL)
of either Ad.VEGF-DDNΔC vector (high or low dose n=26 per group) or
formulation buffer (n=24). Dams and fetuses underwent post-mortem
analysis at 3 or 10 days post-op (n=4 per time point, per group) to study
fetal survival and biodistribution. The remaining dams were allowed
to deliver and at either 28 days post-op (day 16 postnatal) or day 90
post-op (day 79 postnatal) the pups underwent post-mortem analysis
for toxicity, pup survival and biodistribution. Results: Dam post-op survival was good; mortality of 5 dams was incidental (during or following
surgery; miscarriages). The livebirth and weaning indices were similar
in the 3 groups. There was no vector detectable by RT-PCR in a broad
range of fetal or pup tissues at any time point. As expected, vector was
detected in falling concentrations in a few maternal tissues as post-op
days advanced. Conclusions: UtA injection of high or low dose Ad.VEGFDDNΔC vector using interventional radiology techniques does not appear
to adversely affect rabbit dam or pup survival. There is no evidence of
vector spread across the placenta to the pups. These results are encouraging for clinical translation, which is to perform a phase 1 clinical trial of
Ad.VEGF-DDNΔC to treat severe early onset FGR.

1186 Gestational Exposure to BPS, but Not BPA,

Impairs Placental Endocrine Function in Sheep

J. Gingrich, Y. Pu, and A. Veiga-Lopez. Michigan State University,
East Lansing, MI.
Prenatal exposure to the endocrine disrupting chemical bisphenol A
(BPA), used in plastics manufacturing, leads to offspring reproductive
and metabolic disorders. It is unknown if the placenta, the feto-maternal
interface, is also affected by gestational BPA and thus participates in
programming these disease phenotypes. Accumulating evidence has
forced BPA to be banned in some consumer products and the use of

BPA replacement chemicals with different receptor binding affinities.
The aim was to determine if BPA or its replacement BPS, at an environmentally relevant dose, will impair placental function. We hypothesized
that gestational exposure to BPA, but not BPS, will compromise placental endocrine function. Pregnant Dorsett-Polypay sheep were randomly distributed into three treatment groups (n=7-9/group): control,
BPA and BPS. All animals were given daily subcutaneous injections of
corn oil (control), BPA, or BPS (0.5 mg/kg; internal fetal dose ~2.6ng/ml
unconjugated BPA) from gestational day (GD) 30 to 100. To assess placental endocrine function, maternal blood samples were collected every
15 days and assayed by ELISA for pregnancy-associated glycoprotein-1
(PAG1), pregnancy specific protein-B (PSPB) and progesterone (P4) concentrations until GD120. All sheep were humanely euthanized at GD120,
placentas weighed and placentomes collected. Number of binucleate
trophoblast cells (BNCs), responsible for PAG/PSPB production, were
quantified using lectin stain and mRNA and protein levels of glial cell
missing-1 (Gcm1), a transcription factor necessary for placental development, and e-cadherin, a protein required for trophoblast cell-cell adhesion measured. Data were analyzed by ANOVA. Maternal biochemistry
analyses (albumin, globulin, cholesterol, creatinine, ions) showed no
alterations. Gestational exposure to BPS, but not BPA, reduced maternal
PAG1, PSPB, and P4 (P<0.05). Placental weight and morphology was
similar among groups. BPS, but not BPA, placentomes had ~20% fewer
BNCs (P<0.05). mRNA and protein expression for Gcm1 were ~50% and
~30% lower in BPS, respectively. E-cadherin protein expression was
50% lower in BPS placentomes. This is the first study to evidence that
prenatal exposure to BPS results in endocrine placental dysfunction.
Further studies are warranted to understand the mechanisms by which
BPS induces this defect, the consequences to the offspring, and the use
of BPS as a safe alternative to BPA.

1187 Effects of the Trichloroethylene Metabolite

S-(1,2-Dichlorovinyl)-L-Cysteine on Programmed
Cell Death in Human Cytotrophoblasts

E. Elkin, and R. Loch-Caruso. University of Michigan, Ann Arbor,
MI.
Introduction: Trichloroethylene (TCE) is a prevalent anthropogenic environmental contaminant shown to be a potent renal and hepatic toxicant
through its metabolites such as S-(1, 2-dichlorovinyl)-L-cysteine (DCVC).
However, the specific effects of TCE on other target organs such as the
human placenta have only minimally been explored. During pregnancy,
apoptosis plays an important role in uterine blastocyst implantation
and placental development. Elevated apoptosis in placental cells and
insufficient trophoblast invasion have been observed in a number of
placental pathologies including pre-eclampsia and intrauterine growth
restriction. This study assessed the effects of DCVC exposure on apoptosis in human placental cells. Materials and Methods: First-trimester
human extravillous trophoblast cells, HTR-8/SVneo, were exposed in
vitro to 10-100 µM DCVC for 12 or 24 hours. Following exposure, the cells
were stained with the apoptosis indicator annexin-FITC and the necrosis
indicator propidium iodide, and then quantified for early apoptosis, late
apoptosis and necrosis using flow cytometry. In addition, caspase 3/7, 8
and 9 activities were measured in the cells exposed for 24 hours using
the Caspase Glo® luminescence assay. Results: The study demonstrated
that exposure to DCVC for 12 or 24 hours significantly (p<0.05) increased
apoptosis and caspase 3/7 activity, while decreasing caspase 9 activity in
HTR-8/SVneo cells. Treatment with 50 or 100 µM DCVC increased total
apoptosis from 3.31% to 9.97% or 10.16%, and from 6.38% to 14.73%
or 23.48%, following 12 or 24 hour exposure, respectively. Treatment
with 50 or 100 µM DCVC increased early apoptosis from 1.66% to 6.41%
or 6.68%, and from 2.79% to 8.25% or 13.24%, following 12 or 24 hour
exposure, respectively. Caspase 3/7 activity increased 1.6 fold with 20
µM, 2.1 fold with 50 µM and 2.4 fold with 24 hour exposure to 100 µM
DCVC, while caspase 9 activity decreased 1.3 fold with both 50 µM and
100 µM DCVC exposure. Caspase 8 activity did not change significantly
with DCVC exposure after 24 hours. Conclusions: The TCE metabolite
DCVC induced a substantial increase in apoptosis in cytotrophoblasts,
accompanied by increased caspase 3/7 activity and decreased caspase
9 activity. Future research will evaluate the significance of these finding
on overall placental cellular function in the larger context of pregnancy.

Developmental Toxicity (DART) Endpoints for
Bisphenol AF and Bisphenol A

V. Sutherland1, B. McIntyre1, K. Pelch1, S. Waidyanatha1, J. M.
Conley2, L. E. Gray2, and P. M. Foster1. 1NIEHS, Research Triangle
Park, NC; and 2US EPA, Research Triangle Park, NC.
Bisphenol A (BPA) is a high production volume chemical used as a
monomer for polycarbonate plastics and epoxy resins and found in a
large number of food-contact applications; whereas, bisphenol AF
(BPAF), an analogue of BPA, is a medium production volume chemical
purported to be used as a monomer in polycarbonates and epoxy resins.
There is no current evidence that BPAF is used as a replacement for BPA
in any food-contact products, but the similarities in structure, use, and
activity on the estrogen (ER) and androgen (AR) receptors encouraged
an evaluation between the 2 chemicals. Therefore, a comparison of
in utero and perinatal exposure studies for BPAF and BPA was undertaken to assess differences in DART endpoints. BPAF was evaluated in
a multigenerational study where 35 time-mated rats per group were
exposed via low estrogen feed at doses of 0, 338, 1125, or 3750 ppm
(~25, 80 and 280 mg/kg/day, respectively, based on food consumption)
and compared to the published BPA perinatal study where ~30 timemated rats per group were orally gavaged at doses of 0, 0.0025, 0.008,
0.025, 0.08, 0.26, 0.84, 2.7, 100, or 300 mg/kg/day. Treated dams and offspring exhibited decreases in body weights (≥ 80 mg/kg BPAF and ≥ 100
mg/kg BPA) and pup survival (~280 mg/kg BPAF and 300 mg/kg BPA).
However, there were striking disparities between the 2 chemicals: BPAFtreated dams exhibited a reduction in the number of pregnancies and
live litter size at ~80 mg/kg and had a complete absence of pregnancies
at ~280 mg/kg (these were not noted at any dose of BPA). Additionally, 2
of the markers for sexual development were significantly different (balano-preputial separation was delayed 6 and 37 days at ~80 and ~280
mg/kg and there was a 2 to 10 day dose-related acceleration in time to
vaginal opening at all doses); whereas, there were no effects on preputial separation or vaginal opening with BPA. The observed DART findings were different for BPA and BPAF and considered puzzling given the
similarities in in vitro ER and AR activities. Although BPAF and BPA are
both well absorbed and have similar disposition and excretion parameters, there is a slight difference in half-life and clearance rates between
them; however, this difference appears to be minimal and likely does
not explain the significant differences in the adverse reproductive and
developmental endpoints.

1189 Possible Effects on Male Reproduction in Young
and Old Rats after BPA-Exposure In Utero and
During Lactation

E. Spörndly-Nees1, E. Ekstedt1, L. Holm1, J. Boberg2, L. Dunder3,
M. Halin Lejonklou3, and P. M. Lind3. 1Swedish University of
Agricultural Science, Uppsala, Sweden; 2Technical University
of Denmark, Copenhagen, Denmark; and 3Uppsala University,
Uppsala, Sweden. Sponsor: A. Oskarsson.
Bisphenol A (BPA) has estrogen like properties and its frequent use in
food contact materials may result in harmful human exposure. There
is a growing concern that BPA affect male reproduction and previous
results suggest that maternal exposure can reduce the fertility of male
offspring. Pregnant F344 rats were exposed to BPA in their drinking
water, corresponding to 0.5 µg/kg body weight (BW)/day [0.5] or 50 µg/
kg BW/day [50] from gestational day 3.5 until postnatal day 22. Controls
were given vehicle. The male offspring were sacrificed either at five
(control n=13 [0.5] n=11, [50] n=9) or 52 (control n=12 [0.5] n=8, [50]
n=8) weeks of age. Body weight, weight of testis, epididymis, seminal
vesicle, dorsolateral and ventral prostate and the anogenital distance
(AGD) were recorded. For histological evaluation testis and epididymis
from all rats were fixed in modified Davidson´s fluid and prostate from
52-week-old rats were fixed in 4 % glutaraldehyde. Statistical analysis
of organ weights, AGD, anogenital index (AGDi), with body weight as
covariate, did not show any significant differences in 5 or 52 week-oldrats, except a tendency for an increased AGD (p=0.08) and AGDi (p=0.08)
in 52-week-old-rats exposed to 0.5 µg BPA/kg BW /day compared to
controls. An extensive histopathological evaluation is currently ongoing
and so far irregularities have been seen in testis and ventral prostate.
Evaluation of these organs in 52-week-old rats reveal atypical residual
bodies, exfoliation of germ cells into the lumen and atrophic acini in a
varying degree in all treatment groups. These findings require the use
of additional methods such as immunohistochemical stainings and digitized image analysis to determine significant differences between treatment groups. In this study no obvious effects of maternal BPA exposure
on male reproductive organs have been detected, but ongoing histopathological examination may clarify whether BPA induced other effects
on male reproduction. These findings highlight the need for more
knowledge of possible risks due to developmental exposure to BPA.

1190 An In Vitro Testicular Cells Co-Culture Model for
Assessing Testicular Toxicities of Bisphenol A
and Its Analogues Using High-Content Analysis

S. Liang, L. Yin, and X. Yu. University of Georgia, Athens, GA.
In vitro testicular toxicity models are increasingly demanded for
screening of environmental compounds and elucidating the mechanisms of toxicities. We previously reported using C18-4 spermatogonial
cell line with high-content analysis (HCA) as a model to examine the
testicular toxicities of Bisphenol A (BPA) and its analogues, including
bisphenol S (BPS), bisphenol AF (BPAF), and tetrabromobisphenol A
(TBBPA). In this study, we further established testicular cells co-culture
model utilizing spermatogonial cell, Leydig cell and Sertoli cell lines
to construct an organ-like structure that mimics in vivo seminiferous
tubules. This model was integrated with validated HCA to quantitatively
characterize and compare the effects of BPA and its analogues on multiple molecular and cellular events. Hoechst 33342 was used to measure
the nuclear morphology and DNA content. 5-bromo-2’-deoxyuridine
(BrdU), γ-H2AX and Phalloidin were used to measure newly DNA synthesis, early DNA damage responses and F-actin cytoskeleton, respectively. The co-culture model stained with F-actin recapitulates the structural architecture of normal seminiferous tubules. We found that BPAF
and TBBPA significantly decreased cell number, altered nuclear morphology and DNA synthesis, induced γ-H2AX expression, and perturbed
cytoskeleton and cell cycle progression at lower doses as compared
with BPA and BPS. BPAF induced multinucleated cells with active DNA
synthesis at 25 μM, suggesting cells underwent abnormal proliferation.
The significant changes of nuclear morphology were detected at much
lower doses in this model than the doses applied with C18-4 cells previously. BPA at a dose of 100 μM disrupted the 3D architecture, which was
not observed in the BPS at the same dose. In summary, our co-culture
model could distinguish the differential testicular toxicities among BPA
and its analogues, indicating BPAF and TBBPA have higher testicular
toxicities as compared with BPA and BPS. We showed this animal-free
in vitro model could offer a cost-efficient and rapid testicular toxicity
assessment for environmental chemicals. (Supported by R21 OH 010473,
ARDF, and Colgate-Palmolive Grant for Alternative Research Award)

1191 Exposure to Bisphenol S, the Substitute of

Bisphenol A, Induces Unique Alternations on
Reproductive Functions

chen2,

shu2,

Settle2,

Hussain1,

Hee2,
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D.
X. Yang2, and P. Allard2. 1California State University, Northridge,
CA; and 2University of California, Los Angeles, CA.

The growing public awareness towards the safety of Bisphenol A (BPA),
an environmental endocrine disruptor, has urged its replacement
with substitutes in a multitude of consumer products, such as plastics, receipts, food packaging and more. However, most of these substitutes, like Bisphenol S (BPS), share a high degree of structural similarity with BPA, suggesting that they may exhibit similar bioactivities
and possess comparable reproductive toxicities as BPA. In this study,
we compared the effects of BPA and BPS on germline and reproductive functions using the genetic model system Caenorhabditis elegans.
The results revealed that, compared with the control group, similarly to
BPA, BPS induced severe reproductive defects including increased germline apoptosis and embryonic lethalit. However, only BPS but not BPA
showed the ability to simultaneously reduce the reproductive lifespan
and extend the post-reproductive lifespan. Furthermore, their effects on
targeted gene expressions, whole transcriptome and ontology analyses
as well as ToxCast data mining all indicate that these effects are partly
achieved via mechanisms distinct from BPA’s. An advanced identification and clustering of genes associated with each phenotypic alternation induced by BPA and BPS would be carried out in the future, which
will greatly benefit on the reproductive toxicity prediction of other BPA’s
substitutes. Overall, these findings raise new concerns about the safety
of BPA alternatives and the risk associated with human exposure to their
mixtures.

1192 In Vitro Effects of Bisphenol A on the

Proliferative Capacities and Function of the
Human Placenta Cells

T. F. Hamad. University of Maryland Eastern Shore, Princess Anne,
MD. Sponsor: A. Ishaque.
Bisphenol A (BPA) is considered one of most produced and used chemicals worldwide. Animal and epidemiological studies provide evidence
that environmental BPA exposure can be harmful to humans. BPA has
also been detected in amniotic fluid, maternal and fetal plasma, and
placental tissue. BPA exposure to the developing fetus is of particular
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1188 A Comparison of In Vivo Reproductive and

concern as the compound readily crosses the placental barrier and accumulates both in the placenta and in the fetus. A correct and timely signaling between the mother and the fetus/placenta is of great importance
for embryo implantation and further development. Hormones, such as
17β-estradiol (E2) and progesterone, play key roles in the implanting
blastocyst and in the process of placentation. In addition, the beta
subunit of human chorionic gonadotropin (β-hCG) is secreted by the
trophoblast and plays a key role in implantation and in the maintenance
of pregnancy. This study was aimed to examine (i) the toxic potency
of BPA, (ii) the effect of BPA on estrogen and progesterone-induced
cell proliferation and (iii) the release of β-hCG in the human placental
trophoblast (BeWo) cells. Cells were treated with BPA, progesterone or
E2 at various concentrations alone or in combination. Cell proliferation,
viability, cell death and level of β-hCG were assessed. Results showed
that BPA significantly reduced cell proliferation in a concentration-dependent manner after 24h of exposure. Low concentrations (0.01nM10nM) of BPA significantly potentiates E2 or progesterone-induced cell
proliferation, indicating the effects of BPA on steroid receptors involved
in the control of proliferation and differentiation in the placenta. A significant reduction in β-hCG secretion was observed at 0.01nM-100nM
BPA. The decreased β-hCG release indicates loss of trophoblast function.
Our data suggest that BPA is a placental toxicant and any unbalance in
β-hCG secretion and steroid hormones action could have serious consequences for pregnancy and fetal development. (Supported by Title III)

account for inter-individual variability when evaluating exposure risks.
Our study aims to evaluate the effects of dioxin exposure on pregnant
females and fetal development in genetically diverse mice to determine
how genetic background impacts susceptibility. We developed an in
vivo study with a panel of mice that collectively mimic a heterogeneous
human population. In this study, pregnant female mice from 16 diverse
mouse strains were exposed to one of three doses of TCDD (0 control, 1,
100 ng/kg/day) for a period of 10 days following mating. At day (E)10.5
(post mating) mice were euthanized and embryos dissected. To determine effects of dioxin at different doses, non-cancerous pregnancy-related endpoints were assessed, and expression of cardiogenic markers
of development assayed by quantitative PCR. Aryl-hydrocarbon receptor
(AhR) mediates TCDD response through heterodimeric interactions with
aryl-hydrocarbon nuclear transferase (ARNT). The AhR-ARNT system is
expressed throughout reproductive and developmental tissues, and
is capable of negatively interfering with the intricate process of development. The amino acid in position 375 of the AHR sequence results
in differential binding affinities to TCDD and therefore results in varied
toxicant sensitivities. The AHRb (alanine) is considered TCDD-sensitive
and the AHRd (valine) is considered TCDD-resistant, which is similar to
the human allele. Our data identified susceptible AHRd strains, such
as 129S1/SvlmJ, that have significantly decreased embryo viability at
100ng/kg/day dose of TCDD (p<0.05), while resistant AHRd strains, such
as DBA/1J, show no significant differences in embryos at all exposure
levels. These findings suggest the involvement of additional genetic
influences that alter TCDD susceptibility during pregnancy.

1193 The Effects of Dietary Levels of Genistein on
Female Fertility in Mice

S. Patel, W. G. Helferich, and J. A. Flaws. University of Illinois at
Urbana, Urbana, IL.
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Genistein is a naturally occurring phytoestrogen found in plant products such as soy beans and lentils. Humans and animals are primarily
exposed to genistein through the consumption of soy, soy-based
dietary products, and dietary supplements. Most previous studies conducted on genistein focused on the effects of prenatal or neonatal
exposure to genistein on fertility due to the presence of genistein in soy
formulas. However, it is also important to study effects of an adult exposure to genistein on female fertility outcomes because adult women are
exposed to genistein through their diet and as potential preventative
agents and treatments for conditions such as menopause and cancer.
Thus, our study was designed to test the hypothesis that exposure to
relevant dietary levels of genistein affects fertility outcomes in female
mice. To test this hypothesis, female CD-1 mice (35 days old) were fed
either a phytoestrogen-free control diet (AIN 93-G) or the control diet
supplemented with 300, 500, and 1000 ppm genistein. These doses
were selected because the serum genistein levels fall within the range
of human dietary exposure (1, 1.8, and 2.6 µM, respectively). The mice
were dosed for 30 and 60 days through their diet. At the end of each
time-point, 6 mice from each treatment group were paired with an
unexposed male for breeding studies. At the 30-day time-point, adult
exposure to genistein (500 and 1000 ppm) significantly decreased the
gestation time compared to control (control: 19 + 0 days, 500 ppm: 18 +
0 days, and 1000 ppm: 18.2 + 0.2 days; n=3-5, p<0.05), but did not affect
time to mating, litter size, average pup weight, or the sex ratio of pups.
At the 60-day time-point, adult exposure to genistein (500 ppm) significantly increased average pup weight compared to control (control: 1.50
+ 0.02 g, 500 ppm: 1.91 + 0.14 g; n=4 litters, p=0.009). Further, genistein
exposure (500 ppm) increased gestation time (control: 19.33 + 0.33
days, 500 ppm: 20.2 + 0.2 days; n=3-5, p=0.08) and decreased litter size
(control: 11.8 + 0.66 pups, 500 ppm: 9.2 + 1.31 pups; n=5-6, p=0.179),
but these effects were not statistically significant. At this same timepoint, genistein exposure did not affect the time to mating or the sex
ratio of pups. Collectively, these data indicate that genistein exposure
may affect some, but not all female fertility outcomes. Supported by: NIH
R03ES023972 (JAF) and a Billie Field Fellowship (SP).

1194 Population Variability and the

Teratogenic Effects of Exposure to 2, 3,
7, 8-Tetrachlorodibenzo-p-dioxin during
Pregnancy

M. R. Warren, and D. W. Threadgill. Texas A&M University, College
Station, TX.
2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD, dioxin) is a toxicant that
exhibits carcinogenic and deleterious effects on various tissues and
organs. People are exposed to dioxin through ingestion of contaminated
foods and during industrial processes. Exposure during pregnancy is of
particular concern as it interrupts fetal growth and development and
may have long-term consequences for exposed offspring. While susceptibility to many toxicants often varies among individuals due to genetic
differences, current studies of the teratogenic effects of dioxin do not

1195 Paternal Exposure to TCDD Distorts Embryo

Sex Ratio and the Testicular Expression of Sex
Determining Genes

K. M. Bircsak2, A. M. Prantner2, L. Copes2, and G. L. Gerton2,1,.
1Center of Excellence in Environmental Toxicology, Philadelphia,
PA; and 2University of Pennsylvania, Philadelphia, PA.
Paternal exposure to the persistent organic pollutant, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is associated with a skewed sex ratio
towards a greater proportion of female offspring. This research aims to
determine the effect of TCDD on embryo sex ratio and on the testicular
expression of genes known to regulate sex ratio in mice. For the sex ratio
experiments, WT C57BL/6 male mice were injected weekly with TCDD
(wk 1: 2000 ng/kg, wks 2-21: 400 ng/kg) or corn oil vehicle and mated
biweekly. Embryos were collected at gestation day 15.5 and genotyped
for sex. For the gene expression experiments, mice were subjected to
a similar treatment paradigm, yet for a shorter duration (3 wks). The
sex ratio (number of males/total number of embryos) was significantly
lower in embryos from TCDD-treated relative to vehicle-treated males
by 20% (Vehicle: 0.55 ± 0.02, TCDD: 0.45 ± 0.04), indicating that paternal
TCDD exposure resulted in more female than male embryos. Following
3 weeks of TCDD treatment, up-regulation of aryl hydrocarbon receptor
(AHR) target genes, Cyp1a1 and Ahrr in the liver and testis of males
exposed to TCDD confirmed the activation of the AHR transcription
factor-signaling pathway in both organs. Importantly, TCDD-treated
males exhibited a 30% increase and a 20% decrease in the testis mRNA
expression of genes involved in the determination of embryo genotypic sex, Sycp3-like Y-linked (Sly) and Slx, respectively. Thereby, Slx:Sly
expression was reduced 40% compared to vehicle controls. While Slx
was not detected in the liver, Sly gene expression was enhanced 40% in
the livers of TCDD-treated mice. Taken together, these data confirm that
paternal exposure to TCDD distorts embryo sex ratio and begins to shed
light on a possible mechanism by which this phenomenon may occur.
(Supported by R21ES024527, P30ES013508, and T32ES019851)

1196 Development of a UPLC-MS/MS Method to

Quantitate 2,2’- Dimorpholinodiethyl Ether
(DMDEE) in Rat Plasma, Amniotic Fluid, and
Fetus

V. G. Robinson. NIEHS, Research Triangle Park, NC.
2,2’-Dimorpholinodiethyl ether (DMDEE) is a specialty amine catalyst
used in the production of flexible foams and adhesives. DMDEE was
nominated to the National Toxicology Program (NTP) for testing due to
high production volume with potential of occupational exposure and
the lack of toxicity data. In support of NTP toxicology studies, an analytical method was developed to quantitate DMDEE in rat dam plasma,
pup plasma, amniotic fluid and fetus homogenate. Plasma, amniotic
fluid, or fetus homogenate were extracted by adding acetone and then
freezing at -80°C. The internal standard was 4-benzoylmorpholine(BIS).
Organic layer was analyzed by UPLC-MS/MS. Chromatography was performed on an UPLC BEH C18 column. Electrospray ionization source was
operated in positive ion mode. The method was assessed over the concentration range ~ 5 - 1000 ng/mL in the primary (male plasma) and sec-

1197 Low-Dose Developmental

Tetrabromobisphenol-A Exposure and Metabolic
Changes In Rats

S. E. A. Gillera, A. Filgo, G. Kissling, L. Birnbaum, and S. Fenton.
NIEHS, Research Triangle Park, NC.
Tetrabromobisphenol A (TBBPA) is a high production volume brominated flame retardant commonly used throughout the world. Due to
widespread human exposure and little knowledge of its effects, TBBPA
was evaluated in the National Toxicology Program 2-year bioassay,
which indicated that adult TBBPA exposure contributed to uterine
cancer development in rats. In this study, we evaluated low dose, developmental oral exposure to TBBPA for changes in metabolic endpoints.
Wistar rats (n=15 litters per dose) were orally exposed by oral gavage to
0, 0.1, 25, 250 mg TBBPA/kg BW from gestation day (GD) 6 to postnatal
day (PND) 90. Blood was collected on GD 20, PND 21, peripubertal (~PND
33 for females and ~PND 42 for males), and PND 90. Body weights, body
mass composition, and glucose, insulin, leptin, and adiponectin serum
levels data were determined in male and female pups. Glucose tolerance challenges and an insulin sensitivity test were performed. Female
pups in the low dose group were heavier than control female pups after
PND ~50 whereas male pups in the mid and high dose groups were
lighter than control male pups after PND ~30. The body mass compositions showed a non-parallel trajectory in the female fat mass and
percent fat and male percent fat, lean mass, and percent lean. Females
in the low dose group had a higher insulin and leptin serum levels while
females in the high dose had lower adiponectin serum levels compared
to controls at PND ~33. Females in the mid and high dose group were
insensitive to a glucose challenge compared to control females; males
in the high dose group were also intolerant to glucose compared to
control males. These findings show that TBBPA has effects on numerous
metabolic endpoints, including glucose metabolism, body weight/composition and leptin/adiponectin regulation.

1199 Innovative Approaches to Explore Mode of

Action of Dystocia, an Adverse Reproductive
Effect

L. Merolla1, K. Johnson2, and J. LaRocca1. 1Dow AgroSciences,
Indianapolis, IN; and 2The Dow Chemical Company, Midland, MI.
The development of new chemistries requires a robust series of guideline regulatory studies designed to evaluate hazard, including reproductive toxicity. While hazard identification alone was considered sufficient
in the past, a more detailed hazard characterization is necessary for proactive understanding of mode of action and determining the relevance
of the hazard to humans. Dystocia, or perturbation of normal progression of labor, is one such example of a hazard that we believe warrants
additional mechanistic exploration. We explored two approaches to
comprehensively characterize dystocia, in order to set the stage for
future mode of action and subsequent human relevance evaluations.
To acquire detailed information on dystocia, we tested a cage-side video
camera system. Diazepam, which has previously been suggested to
prolong labor in rats, was chosen as a model compound. On gestation
day (GD) 21, groups of 18 female CD rats were administered vehicle (i.e.
control) or diazepam three times (100, 50, 50 mg/kg) via oral gavage and
were continuously monitored from the morning of GD 21 until necropsy
via a two-camera per cage system. In diazepam-treated rats the mean
onset of parturition was delayed (22.38 days vs. 21.9 days in controls),
the mean duration of parturition was 2.1X longer (183.7 minutes vs.
85.6 minutes in controls), and the mean pup-to-pup delivery interval
was 2.6X longer (17.2 minutes vs.6.6 minutes in controls). Given inhibition of uterine contractility is a mode of action that can lead to dystocia, a second study was conducted to validate the use of telemetric
recording of intrauterine pressure in rats using the calcium channel
blocker felodipine as a model compound. CD rats were implanted with
telemetry devices on GD 17. Rats were exposed to either vehicle (Group
1; 0 mg/kg; n=3) or felodipine (Group 2; 15 mg/kg, b.i.d.; n=3) from GD
18-21. Intrauterine pressure was monitored from 24 hours prior to the
onset of labor and for approximately 24 hours following the onset of
labor. Felodipine-treated rats had significantly reduced peak contraction
pressure during labor (760 mmHG/3 hours compared to 1007 mmHg/3
hours in controls), and a significant decrease in change in cumulative
peak contraction (391 mmHG/3 hours compared to 643 mmHG/3 hours
in controls). These data validate the use of unique approaches to further
characterize an adverse reproductive effect, which can be utilized for
future mode of action programs.

1200 Withdrawn by Author

1201 Effects of Phthalates on Bovine Primary
Testicular and Epididimal Cells In Vitro

1198 Identifying a Novel Role for X-prolyl

Aminopeptidase (xpnpep)2 in CrVI-Induced
Adverse Effects on Germ Cell Nest Breakdown
and Follicle Development

K. K. Sivakumar, J. A. Stanley, J. A. Arosh, R. Barhoumi, R. C.
Burghardt, and S. K. Banu. Texas A&M University, College Station,
TX.
Environmental exposure to endocrine disrupting chemicals (EDCs) is
one of the causes for premature ovarian failure (POF). Hexavalent chromium (CrVI) is a heavy metal EDC, widely used in more than 50 industries including chrome plating, welding, wood processing and tanneries.
Recent data from US EPA indicate increased levels of Cr in drinking water
from several cities in the US, which potentially predisposes Americans
to various health problems. Our recent finding demonstrated that
gestational exposure to CrVI caused POF in F1 offspring. The current
study was performed to identify the molecular mechanism behind
CrVI-induced POF. Pregnant rats were treated with 25 ppm potassium
dichromate (CrVI) from gestational day (GD) 9.5 - 14.5 through drinking
water, and the fetuses were exposed to CrVI through transplacental
transfer. Ovaries were removed from the fetuses or pups on embryonic
day (E) 15.5, 17.5 or postnatal day (PND)-1, -4 and 25, and various analyses were performed. Results showed that gestational exposure to CrVI:
(i) increased germ cell/oocyte apoptosis and advanced germ cell nest
(GCN) breakdown; (ii) increased X-prolyl aminopeptidase (Xpnpep)2, a
POF marker in human, during GCN breakdown; (iii) decreased Xpnpep2
during postnatal follicle development; (iv) Xpnpep2 inversely regulate
the expression of Col1, -3 and -4 in all the developmental stages studied;
(v) increased co-localization of Xpnpep2 with Col3 and -4. Thus CrVI
advanced GCN breakdown and increased follicle atresia in F1 female
progeny by targeting Xpnpep2.

B. Yurdakok-Dikmen1, C. Stelletta2, K. Tekin1, O. Kuzukiran3,
A. Daskın1, and A. Filazi1. 1Ankara University, Ankara, Turkey;
2University of Padova, Padova, Italy; and 3Veterinary Control
Central Research Institute, Ankara, Turkey.
Among environmental endocrine-active chemicals, phthalates, commonly known as plasticizers, are known to disrupt the development of
the male reproductive tract. In this study the effects of DIBP, BBP, DINP,
DIBP, DEP, DEHP and DMP were studied on bovine primary epididymal
(caput epididymis in two different sections and corpus epididymis), testicular (parenchymal and mediastinal/tubular) and vas deferens cells.
According to preliminary experiments DMP, DIBP and BBP were applied
at 0.0061-12.5 µg/mL; for DEP 0.0002-0.5 and for DBP at 0.0006-1.25 µg/
mL concentrations. Second part of caput epididymis which have fewer
amount of principal cells, were found to be less effected compared to
the first part except DEHP; while corpus epididymis was found to be
more effected with IC50 values below 0,976 ng/mL (except for DEP at
4,97 ng/mL). In testicular parenchymal cells IC50 ranged from 0.15-4.11
ng/mL and for mediastinum from 0.01-7.31 ng/mL; where cytotoxic
effects were evident in mediastinal section compared to parenchymal
section. Least cytotoxic and even proliferation effects (DEHP, DMP and
DEP) were observed in vas deferens cells, the muscular tube carrying
sperm from the epididymis to the ejaculatory duct. This is the first experimental demonstration that phthalates were found to alter the cellular
structure of bovine testicular and epididymal cells. The differences
between the cytotoxic effects may be due to the androgen receptor
distribution since some of the testes phthalates induce antiandrogenic
effects (DIBP, BBP) in vitro and the differences in the cellular structure.
Our preliminary findings on bovine spermatozoa indicate possible
morphological and motility alterations; which challenges further inves-

47
SOT 2017 Annual Meeting

ondary matrices (GD18 dam plasma, amniotic fluid, fetus homogenate,
and PND4 pup plasma) and met the following criteria. Linearity for the
primary matrix was r ≤ 0.99; accuracy (relative error) ≤ 15%; precision
(RSD), ≤ 15%. The lower limit of quantitation was 5.18 ng/mL and the
LOD was 0.262 ng/mL. Spiked matrix standards were found to be stable
for up to 29 days in the primary and secondary matrices. This method
was successfully applied to dam plasma, fetus, amniotic fluid and PND 4
pup plasma in a dose range finding toxicology study where dams were
exposed to DMDEE via gavage at 0, 62.5 and 250 mg/kg starting on GD6.
DMDEE was measured in all matrices in exposed groups suggesting
fetal and lactational transfer of DMDEE. The concentrations ranged from
17,900 - 87,800 ng/mL in GD18 and PND4 maternal plasma, 12,400 66,600 ng/mL in amniotic fluid and 38,300 - 138,000 ng/g in fetus. Pup
plasma concentrations ranged from 419 to 3430 ng/mL.

tigation of the transition of phthalates on semen straws used in cryopreservation. The increase of exposure to environmental contaminants,
raise the issue of the requirement of a new perspective on reproductive
health, risk assessment and herd management in veterinary practices to
be further studied.

1202 Di(2-ethylhexyl) Phthalate and Its Metabolite

Mono(2-ethylhexyl) Phthalate Do Not Affect
Metabolic Enzymes in Neonatal Ovaries in the
Mouse

C. Chiang, P. R. Hannon, L. Gao, and J. A. Flaws. University of
Illinois at Urbana-Champaign, Urbana, IL.
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Di(2-ethylhexyl) phthalate (DEHP) is a chemical commonly used as
a plasticizer in baby toys, food containers, carpeting, and upholstery.
DEHP can be absorbed via ingestion, inhalation, and dermal contact
and then enter multiple tissues in the body. Once absorbed, DEHP is
metabolized into its bioactive metabolite, mono(2-ethylhexyl) phthalate
(MEHP). Our previous studies indicate that exposure to MEHP, but not
DEHP, accelerates primordial follicle recruitment in the mouse neonatal
ovary, suggesting that MEHP, but not DEHP, is toxic to the neonatal
ovary. This differing response may be due to the neonatal ovary lacking
the metabolic enzymes required to convert DEHP to MEHP. Thus, the
purpose of this study was to test the hypothesis that the neonatal ovary
contains the metabolic enzymes required for the conversion of DEHP to
MEHP. To test this hypothesis, ovaries from CD-1 mice (postnatal day 4)
were cultured in media with either no additional chemicals (no treatment control), dimethylsulfoxide (DMSO; vehicle control), DEHP (0.2, 2,
or 20 µg/mL), or MEHP (0.2, 2, or 20 µg/mL) (n=3/treatment group). After
6 days of culture, ovaries were subjected to qPCR to measure mRNA
levels of the selected metabolic enzymes: isoamyl acetate-hydrolyzing
esterase 1 homolog (Iah1), lipoprotein lipase (Lpl), alcohol dehydrogenase 1 (Adh1), and aldehyde dehydrogenase family 1, subfamily A1
(Aldh1a1). Further, some ovaries were subjected to immunohistochemistry to measure ALDH1A1. Interestingly, mRNA expression of all metabolic enzymes was measurable in the neonatal ovaries. Further, neither
DMSO nor any of the tested levels of DEHP or MEHP affected metabolic
enzyme expression (n=3; p >0.05). Immunohistochemistry revealed no
staining for ALDH1A1 in any of the treatment groups, indicating that
the mRNA transcribed for this enzyme does not undergo translation
into functional protein in the neonatal ovary. Collectively, these data
show that the neonatal mouse ovary has detectable mRNA levels of
the selected metabolic enzymes, but that the mRNA may not be translated into functional protein. Thus, it is possible that the neonatal ovary
responds to MEHP, but not DEHP, due to a lack of metabolic enzymes
required for metabolism of DEHP to MEHP. Supported by R56 ES 025147
(JAF), an Environmental Toxicology Training Grant T32 ES 007326 (CC), and
an Environmental Toxicology Fellowship (PRH).

1203 Gestational Exposure to a Phthalate Mixture

Affects Folliculogenesis and Steroidogenesis in
Female Mice

J. Gutierrez, C. Zhou, and J. A. Flaws. University of Illinois at
Urbana-Champaign, Urbana, IL.
Phthalates are ubiquitous chemicals used in building materials, medical
devices, and personal care products. They can leach out of these products and cause daily human and animal exposure. This is of concern
because phthalates are categorized as reproductive toxicants and endocrine disrupting chemicals. Many studies have focused on single phthalates, but it is important to study phthalate mixtures because humans
are exposed to such mixtures daily. Thus, we tested the hypothesis that
gestational exposure to an environmentally relevant phthalate mixture
adversely affects folliculogenesis and steroidogenesis in mouse female
offspring. To test this hypothesis, CD-1 pregnant dams were orally dosed
with either control (tocopherol-striped corn oil) or a phthalate mixture
from gestational day 11 to birth. The doses of mixture in our study were
20 µg/kg/day, 200 µg/kg/day, 200 mg/kg/day and 500 mg/kg/day.
Ovaries and sera of the female offspring were collected on postnatal day
(PND) 21 and 60 to analyze follicle numbers and sex steroid hormone
levels. Our results show that on PND 21, phthalate mixture decreases
primordial follicles numbers (500 mg/kg/day) and increases primary
follicles (200 mg/kg/day and 500 mg/kg/day) when compared to controls (n=4, p ≤ 0.05). Further, on PND 21, the mixture at 200 mg/kg/day
and 500 mg/kg/day decreases estradiol levels. Similarly, on PND 60, the
mixture at 20 µg/kg/day, 200 mg/kg/day, and 500 mg/kg/day decreases
estradiol levels when compared to controls. On PND 60, the mixture at
200 µg/kg/day, 200 mg/kg/day, and 500 mg/kg/day also decreases tes-

tosterone levels when compared to controls (n=4, p ≤ 0.05). Collectively,
these results indicate that gestational exposure to a phthalate mixture
affects folliculogenesis and steroidogenesis in females. Supported by NIH
R25 ES025059 (JG), NIH P01 ES022848 (JAF), EPA RD-83459301 (JAF), and an
Environmental Toxicology Fellowship (CZ).

1204 Prenatal Exposure to Di-(2-ethylhexyl)Phthalate
Impairs Puberty in Female Mice

S. Rattan, E. Brehm, S. Niermann, and J. A. Flaws. University of
Illinois at Urbana Champaign, Urbana, IL.
Di-(2-ethylhexyl) phthalate (DEHP) is a widely used plasticizer in polyvinyl chloride products and is found in products such as vinyl flooring,
plastic food containers, medical devices, and children’s toys. Studies
have shown that DEHP is a reproductive toxicant in male mice, but the
impact of DEHP on female reproduction is not known. Therefore, we
tested the hypothesis that prenatal exposure to DEHP impairs puberty
in the F1, F2, and F3 generations of female mice. Pregnant CD-1 dams
were orally dosed with tocopherol-stripped corn oil (vehicle control) or
DEHP (20 and 200 µg/kg/day, and 500 and 750 mg/kg/day) daily from
gestation day 10.5 until birth (n=7-28 dams/treatment). Pups born to
these exposed dams were labeled the F1 generation. F1 females were
mated with untreated males to produce the F2 generation. F2 females
were mated with untreated males to produce the F3 generation (n=7-11
litters/treatment). Starting on postnatal (PND) 21, female mice were
weighed and monitored for the onset of puberty by examination of
a vaginal opening. Following vaginal opening, estrous cyclicity was
monitored for 30 consecutive days, and the timing of first estrus was
recorded. The results indicate that in the F1 generation, prenatal exposure to DEHP did not affect body weight, age of vaginal opening, age of
first estrus, estrous cyclicity, or weight gain compared to controls. In the
F2 generation, prenatal exposure to DEHP did not affect body weight,
age of vaginal opening, or weight gain, but prenatal DEHP exposure at
500 mg/kg/day decreased the age of first estrus, increased time spent
in estrus, and decreased time spent in diestrus compared to controls
(p≤0.05; n=7-15 litters/treatment). In the F3 generation, prenatal exposure to DEHP did not affect weight gain, age of first estrus, or estrous
cyclicity compared to controls, but prenatal DEHP exposure at 20 µg/
kg/day, 500 mg/kg/day and 750 mg/kg/day decreased age at vaginal
opening compared to controls (p≤0.05; n=7-11 litters/treatment).
Collectively, these data indicate that prenatal exposure to DEHP delays
puberty in a transgenerational manner. (Supported by NIH P01 ES022848,
EPA RD-83459301, and T32 ES007326)

1205 Oral Fertility and General Reproductive Toxicity
Assessment of the Non-Narcotic Antitussive
Benzonatate in Rats

S. Teo2, and S. Engel1. 1Pfizer, Groton, CT; and 2Pfizer, Madison, NJ.
Benzonatate (TESSALON®) is a non-narcotic, peripherally acting, oral
prescription antitussive for the symptomatic relief of cough. It is an ester
type anesthetic structurally related to procaine and is thought to inhibit
cough by anesthetizing pulmonary stretch receptors which mediate the
cough reflex. It is rapidly metabolized by body esterases to the major
metabolite 4-(butylamino)benzoic acid (BBA). This study assessed the
effects of benzonatate on male and female fertility and early embryonic
development in Crl:CD(SD) rats. Rats were assigned to 4 dose groups
(25-28/sex). Benzonatate or vehicle were administered orally via gavage
to male rats once daily beginning 28 days before cohabitation and continuing through cohabitation at which point they were sacrificed, and to
the female rats once daily beginning 15 days before cohabitation and
continuing through presumed gestation day (GD) 7. Doses: 0 (Vehicle),
100, 200 and 400 mg/kg/day (males) and 0, 100, 200 and 400//300 mg/
kg/day (females; dose ↓ due to deaths). The dose volume was 10 mL/kg.
All males were euthanized after cohabitation, and all females were euthanized on GD 13 and a Caesarean-section was performed. Benzonataterelated deaths (11/28) were observed at the highest dose in females.
Hyperreactivity (both sexes), clonic convulsions, gasping, increased
motor activity, ataxia, dyspnea and decreased motor activity (females)
were observed at the highest doses. There were no significant changes
in body weights, body weight gains, or absolute and relative food
consumption. There were no benzonatate-related effects on estrous
cycling or mating and fertility at any dose. There were no significant
benzonatate-related necropsy observations. Absolute epididymides,
caudal epididymis, testes, seminal vesicles (± fluid) and prostate weights
and organ weight to terminal body weight ratios were comparable to
control at all doses. Sperm parameters were unaffected. There were
no benzonatate-related effects on any ovarian or uterine parameter
or embryonic survival. Paternal and maternal NOAELs for benzonatate

were 400 and 200 mg/kg/day respectively. Male and female reproductive NOAELs were 400 and 300 mg/kg/day respectively. In summary, oral
administration of benzonatate at doses up to 400 and 300 mg/kg/day in
males and females, respectively, did not produce any significant effects
on mating or fertility.

opmental toxicity liability of each compound increased the detection
of both positive and negative compounds. The highest accuracy was
achieved when the results from devTOXqP were used with the mEST
and rWEC, yielding a balanced accuracy of 90% (N=29, 91% sensitivity,
83% specificity). These data support the use of devTOXqP alone or in
combination with other in vitro assays for determining a compounds
developmental toxicity liability.

1206 Oral Pre- and Postnatal Developmental

S. Engel1, and S. Teo2. 1Pfizer, Groton, CT; and 2Pfizer, Madison, NJ.
Benzonatate (TESSALON®) is a non-narcotic, peripherally acting, oral
prescription antitussive for the symptomatic relief of cough. It is an ester
type anesthetic structurally related to procaine and is thought to inhibit
cough by anesthetizing pulmonary stretch receptors which mediate the
cough reflex. It is rapidly metabolized by body esterases to the major
metabolite 4-(butylamino)benzoic acid (BBA). This study assessed the
effects of benzonatate on maternal (F0) Crl:CD(SD) rats and development of F1 offspring from implantation through lactation and weaning.
Benzonatate or vehicle were administered orally via gavage to female
rats (N=25/group) at doses of 0 (vehicle), 100, 200 or 250 mg/kg/day
benzonatate from Gestation Day 7 (GD 7) through Lactation Day 20 (LD
20). The dose volume was 10 mL/kg. All F0 rats were allowed to naturally
deliver a litter and the following parameters and end points were evaluated: maternal viability, clinical signs, body weights, and natural delivery
observations (duration of gestation, litter size, and pup viability at birth).
Study parameters for the F1 generation rats included motor activity,
Morris watermaze, acoustic startle response, sexual maturation, and
reproductive capacity. In the 250 mg/kg/day group, four F0 rats were
found dead on GDs 20/21, or LD 1/20. Benzonatate and/or the stress
of delivery were the causes of deaths. Clonic convulsions occurred in 3
rats at 250 mg/kg/day on GDs 21/22. Decreased motor activity occurred
in 3 and 2 rats in 200 and 250 mg/kg/day dose groups, respectively, on
GD 21. Prostrate position, gasping and hyperpnea were observed in 1
and 2 rats at 200 and 250 mg/kg/day dose groups on GDs 21/22. Ataxia,
hyperreactivity to touch, pale extremities and ears in single rats at 250
mg/kg/day on GDs 21 or 22 were observed. Maternal body weights/
body weight gains, food consumption, natural delivery and litter observations, clinical observations in F1 generation pups and necropsy findings in F0 rats or F1 pups were unaffected at 250 mg/kg/day. In addition,
there were no benzonatate-related effects on sexual maturation, behavioral endpoints, or reproductive endpoints in the F1 rats during the
postweaning phase. In summary, the maternal benzonatate NOAEL was
200 mg/kg/day based on mortality and adverse clinical observations
at 250 mg/kg/day. The NOAEL for F1 offspring was 250 mg/kg/day, as
there were no adverse effects on F1 viability, growth, and development.

1208 A Comparative Transcriptomic Approach for

Evaluating the Mechanism of Action of Azoles in
the Rat Whole Embryo Culture

M. Dimopoulou3, A. Verhoef2, J. L. Pennings2, B. van
Ravenzwaay1, I. M. Rietjens3, and A. H. Piersma2. 1BASF SE,
Ludwigshafen, Germany; 2National Institute of Public Health
and the Environment, Bilthoven, Netherlands; and 3Wageningen
University, Wageningen, Netherlands.
The rat Whole Embryo Culture (WEC) assay is a validated alternative technique for testing developmental toxicants. The addition of
microarray whole genome transcriptomics analysis may increase its sensitivity and provide a mechanistic insight into embryotoxicity. In this
study, we applied the total morphological scoring system (TMS) in WEC
embryos to evaluate the effect of 12 antifungal azole compounds on
their development. For evaluating gene specific responses, we combined previously and newly collected transcriptomics data of rat WEC
exposed to 12 individual azoles for 4 hours. We had formerly identified
specific sets of genes that could be used as indicators of developmental
toxicity or markers of pharmacological action. Here, we applied these
sets of genes to discriminate possible embryotoxicants within the
selected azoles. Results revealed commonly expressed genes which
were involved in the retinoic acid (RA) and sterol biosynthesis pathways,
representatives of developmental toxicity and pharmacological action,
respectively. Compounds with more pronounced effects on the regulation of Cyp26a1, Dhrs3, Rarb, Gbx2 and Hoxa1 or other RA related genes
were characterized as potential embryotoxicants, a conclusion which
was in agreement with literature data about the in vivo embryotoxic
profile of these tested azoles. On the other hand, compounds with specific sterol biosynthesis related responses were considered as possibly
good drug candidates, as they regulated particular genes, such as Cyp51,
Pcsk9, Dhcr7 and Msmo1, which are related to a target-desired response.
Overall, this study suggested that the ratio of undisturbed expression
of RA related genes and more pronounced sterol biosynthesis related
genes may be an indicator of the efficacy of the tested compound as a
potential drug for treatment.

1209 Systematic Reviews As a Means of Assessing Test
1207 Comparative Retrospective Analysis of In Vivo

and In Vitro Developmental Toxicity Predictions

J. A. Palmer, R. E. Burrier, and E. L. Donley. Stemina Biomarker
Discovery, Madison, WI. Sponsor: T. Knudsen.
There is an immediate need to develop predictive, inexpensive, and
high throughput toxicity assays that reduce or replace animal use in
compound safety screening for multiple industries, as well as to support
ongoing worldwide initiatives to determine the toxicity profile for thousands of chemicals currently in use, such as REACH and Tox21. Assays
developed should allow selection and prioritization of the most promising compounds for further development and effectively reduce the
number animals required for toxicity testing. Given the numerous
complex processes involved in fetal development, evaluating a test
agent in more than one alternative assay yields a more complete view
of the test compound’s developmental toxicity potential. The devTOX
quickPredict platform (devTOXqP) is an in vitro human pluripotent stem
cell-based assay used to assess the developmental toxicity potential of
chemicals based on changes in the metabolism of ornithine and cystine.
Published developmental toxicity data for over 80 compounds covering
a broad range of chemotypes was compiled from rat and rabbit in vivo
studies, the mouse embryonic stem cell test (mEST), rat whole embryo
culture assay (rWEC), and the zebrafish embryotoxicity assay (ZET) and
compared to results from the devTOXqP assay. Compound predictions
were scored against data from humans, when available, and rodent in
vivo developmental toxicity studies to determine the accuracy of each
in vitro assay. Additionally, the accuracy of testing approaches using
two or three in vitro assays were evaluated. Individual assay accuracy
was 74% for the ZET (N=47), 80% in the rWEC (N=40), 83% for the mEST
(N=36) and 85% in devTOXqP (N=80). When the results from two assays
were used to determine the potential for developmental toxicity, positive compounds were identified with greater accuracy but the ability to
correctly identify negative compounds was decreased. Using the results
from devTOXqP with two additional assays to determine the devel-

Method Performance: A Case Study of Zebrafish
Embryotoxicity Assay

A. Maertens1, M. Stephens1, F. Busquet7, M. Lalu3, S. Akgun2, M.
Harthill4, S. Hoffmann1, B. Howard5, B. Magliani8, C. Willett6, H.
Witters9, R. Wright1, T. Hartung1, and K. Tsaioun1. 1Johns Hopkins
School of Public Health, Baltimore, MD; 2Marmara University,
Istanbul, Turkey; 3Ottawa Hospital Research Institute, Ottawa,
ON, Canada; 4Retired, Baltimore, MD; 5Sciome, Inc., Durham, NC;
6The Humane Society, Washington, DC; 7University of Konstanz,
Konstanz, Germany; 8University of Sao Paolo, Sao Paolo, Brazil;
and 9VITO, Mol, Belgium.
Evidence-based methods, and their principal tool, Systematic Reviews
(SR), are a standard for comparison of therapies in medicine. The EBTC
is pioneering the application of SR in toxicology. This study assesses
the performance of the Zebrafish Embryo Test (ZET) in predicting the
results of pre-natal developmental toxicity tests in mammals performed
according to OECD TG 414. In the pilot study of 50 ZET papers, only 1
fulfilled all of the inclusion/exclusion criteria. A wide literature search
for mammalian studies involving the 7 chemicals studied in this ZET
paper was conducted. SWIFT Active-Screener was then used to screen
titles and abstracts for inclusion. Out of the 1,442 abstracts screened,
263 papers were then reviewed in full-text. Of these, 31 were selected
for data extraction and risk-of-bias assessment. Results of this pilot study
show that, despite heterogeneity in study designs, it was possible to
conduct this comparison using a SR of the literature, and that the ZET
results for the tested chemicals were in agreement with the OECD 414
results. These results suggest that SR can be effectively used for test
methods comparison.
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Toxicity Study of the Non-Narcotic Antitussive
Benzonatate in Rats

1210 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Dioxin)
Exposure Disrupts Central Nervous System
Pericyte Development and Choroid Plexus
Formation

M. S. Yue2, C. A. Olsen2, M. R. Taylor2, and J. S. Plavicki1. 1Brown
University, Providence, RI; and 2University of Wisconsin at Madison,
Madison, WI.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (dioxin) is a persistent environmental contaminant that exerts toxicity by activating the aryl hydrocarbon receptor (AHR). AHR is a ligand activated transcription factor
that is necessary for proper vascular development during mammalian
organogenesis and is also an important regulator of xenobiotic metabolizing enzymes. In zebrafish, dioxin exposure activates AHR throughout
the vascular endothelium and produces hemorrhaging in many developing organs including the brain. We have recently shown that dioxin
exposure (1 h waterborne, 1 ppb) during early embryogenesis disrupts
multiple steps in neurovascular development and impairs blood brain
barrier (BBB) formation. In the developing brain, pericytes are necessary
for vascular stability and BBB function. We therefore hypothesized that
loss of pericyte coverage contributes to dioxin-induced cerebral hemorrhaging. To test whether early embryonic dioxin exposure disrupted
pericyte development, we exposed embryos carrying both pericyte and
vascular reporters (pdgfr-β:GFP; kdrl:DsRed2) to dioxin (1 h waterborne,
1 ppb). Using confocal microscopy, we collected in vivo images of the
cerebral vasculature and associated pericytes. Dioxin exposed embryos
had fewer pericytes in the fore-, mid-, and hindbrain at 72 hours post
fertilization (hpf). Given that dioxin exposure disrupts development of
the BBB, we hypothesized that dioxin exposure would also impair development of the blood-cerebrospinal fluid (CSF) barrier, which is formed
by the choroid plexus (ChP). To determine whether early embryonic
dioxin exposure impaired ChP formation, we exposed embryos from
an enhancer trap line that marks the ChP to dioxin (1 h waterborne, 1
ppb). Using in vivo confocal microscopy, we found that dioxin exposure
impaired ChP formation at 72 hpf. Together, these results identify novel
endpoints of dioxin induced developmental toxicity. (Supported by NIH
K99 ES023848)

1211 Mechanistic Analysis of Novel Caudal Fin
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Phenotype following Exposure to Benzo[k]
fluoranthene in Embryonic Zebrafish

SOT 2017 Annual Meeting

M. C. Geier1, M. A. Garland1, S. M. Bugel1, K. Waters2, and R. L.
Tanguay1. 1Oregon State University, Corvallis, OR; and 2Pacific
Northwest National Laboratory, Richland, WA.
Polycyclic Aromatic Hydrocarbons (PAHs) are widely dispersed environmental pollutants, which are characterized by two or more fused
benzene rings. While PAH carcinogenicity is reasonably well-studied,
there is an incomplete understanding the developmental activity
of PAHs. A high-throughput embryonic zebrafish developmental
toxicity screen of 120 environmentally relevant PAHs and PAH derivatives revealed that 4 compounds (benzo[k]fluoranthene, benzo[j]
fluoranthene, dibenz[a,h]anthracene and dibenzo[b,k]fluoranthene)
induced a novel caudal fin malformation. In the embryonic zebrafish,
the developmental toxicity of these compounds is characterized by the
improper growth of a secondary caudal fin perpendicular to the normal
caudal fin, and hyperpigmentation at the tip of the tail, with an EC80
of 1.9 uM for the most potent of the 4 compounds (benzo[k]fluoranthene). Immunostaining for CYP1A demonstrated that these effects
were accompanied by widespread CYP1A expression in the skin and
neuromasts of exposed larvae, suggesting the involvement of the aryl
hydrocarbon receptor in the toxicity of this group of PAHs. The role of
AHR in the phenotype’s development was assessed using a morpholino
knockdown approach to selectively knockdown the AHR isoforms AHR2,
AHR1A, and AHR1B. The AHR2 knockdown resulted in 100% inhibition
of the phenotype, and also resulted in complete elimination of the skin
CYP1A expression in the exposed fish, while repression of the other AHR
isoforms had no effect on the phenotype. These results indicate that
the zebrafish model is a powerful surrogate model to identify differential PAH activity and to better understand the many mechanisms by
which PAHs can produce adverse biological responses in vertebrates.
(Supported by NIEHS P42 ES016465P30, ES000210, and T32 ES007060)

1212 Role of Nfe2 and Pro-Oxidant Exposure in Inner
Ear Development in Zebrafish

M. McLean1, D. Theriault3, M. Kelley1, B. A. Lago2, A. G. McArthur2,
and L. M. Williams1. 1Bates College, Lewiston, ME; 2McMaster
University, Hamilton, ON, Canada; and 3Southern Maine
Community College, South Portland, ME.
Hearing loss affects millions of people worldwide. One source of this
loss is apoptosis of auditory hair cells due to high levels of pro-oxidant
induced oxidative stress. Nfe2 protein in zebrafish and other vertebrates
has been suggested to reduce oxidative stress and is localized to the
otic vesicle during development. Using morpholino knockdown in conjunction with pro-oxidant exposure, the role of Nfe2 in inner ear development during zebrafish development was explored using confocal
microscopy and RNA-Seq. The absence of Nfe2 in the Brn3c transgenic
line causes malformations in secular and utricle otoliths such as deformation and lack of separation between the bones between 36hpf and
48hpf. After an acute exposure to diquat, otolith deformities were significantly worse in Nfe2 morphants as compared to wildtype at both 48
and 96hpf, with a reduction of otolith distance by about 30-40%. tBOOH,
another pro-oxidant, induced changes in neuromast morphology in
wildtype 48hpf embryos. These changes may be due to alterations in
abundance of cilia and flagella associated protein cfap70, whose gene is
up-regulated in Nfe2 knockout animals under control and acute pro-oxidant exposure conditions across development. Future studies will investigate the role of cilia and flagella in inner ear development and the
effect of Nfe2 loss and pro-oxidant exposure during development.

1213 Developmental Exposure to PCB153 Alters
Genes Related to Circadian Rhythm and
Metabolism in Zebrafish (Danio rerio)

K. Krick, S. I. Karchner, J. J. Stegeman, M. E. Hahn, and N. Aluru.
Woods Hole Oceanographic Institution, Woods Hole, MA.
Polychlorinated biphenyls (PCBs) are persistent and ubiquitously distributed environmental pollutants. Based on their chemical structure,
PCBs are classified into non-ortho substituted and ortho-substituted
congeners. Non-ortho-substituted PCBs are structurally similar to
dioxin or TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) and their mode
of action and toxic effects are well established. In contrast, much less
is known about the effects of ortho-substituted PCBs. Studies conducted so far have focused on tissue-specific effects but there is limited
knowledge about the effects on the whole organism, particularly the
sensitive developmental stages in vertebrates. Hence, in this study we
investigated the effects of exposure to an environmentally relevant
ortho-substituted PCB (2,2’,4,4’,5,5’-hexachlorobiphenyl; PCB153) on
zebrafish embryos. We exposed zebrafish embryos to either DMSO
(0.1%; solvent control) or three different concentrations of PCB153 (0.1,
1 and 10 μM) from 4 hours post-fertilization (hpf) to 120 hpf. At the end
of the exposure, larvae were sampled for determining transcriptional
changes (RNA sequencing) and the remaining embryos were maintained in contaminant-free environment. At 7 and 14 days post-fertilization (dpf), zebrafish larvae were assessed for locomotory behavior. We
did not observe any overt phenotypes during the exposure period, but
observed a spinal phenotype in the 10μM PCB153 treated group starting
at 7 dpf. This phenotype was observed in a dose-dependent manner
and majority of the embryos with this phenotype died by 14 dpf. RNA
sequencing of 5 dpf larvae exposed to PCB153 also revealed dose-dependent changes in gene expression patterns. A total of 633, 2227, and
3378 differentially expressed genes were observed in 0.1, 1 and 10 μM
PCB153 treated embryos, respectively. Among these, 301 genes were
common to all treatment groups, and KEGG pathway analysis revealed
enrichment of genes related to circadian rhythm, FOXO signaling and
insulin resistance pathways. We are currently investigating the functions
of genes that are uniquely altered by different PCB153 concentrations.
Overall, these results suggest that developmental exposure to PCB153,
a PCB congener highly prevalent in the environment, targets multiple
physiological processes including photoperiod regulation and metabolism. (Funded by NIH P01ES021923 and NSF OCE-1314642)

Erythroid 2 (Nfe2), Is a Regulator of the
Oxidative Stress Response during Danio rerio
Development

L. M. Williams1, B. Lago3, A. G. McArthur3, A. Raphenya3, N. Pray1,
N. Saleem1, S. Salas1, K. Paulson1, R. Mangar2, Y. Liu4, A. Vo4, and J.
Shavit4. 1Bates College, Lewiston, ME; 2College of the Atlantic, Bar
Harbor, ME; 3McMaster University, Hamilton, ON, Canada; and
4University of Michigan, Ann Arbor, MI.
A developmentally young organism is more sensitive to toxicants
as compared to an adult. In response to pro-oxidant exposure, the
Cap’n’Collar (CNC) basic leucine zipper (b-ZIP) transcription factor family
(including the Nfe2-related factors) activate the expression of genes
whose protein products contribute to reduced toxicity. We studied the
role of Nfe2 in the developmental response to pro-oxidant exposure
in the zebrafish (Danio rerio). Following acute waterborne exposures
to diquat or tert-buytlhydroperoxide at one of three developmental
stages, wildtype (WT) and nfe2 knockout (KO) animals were morphologically scored and their transcriptomes sequenced. Early in development, KO animals suffered from hypochromia that was made more
severe through pro-oxidant exposure; this phenotype may be linked
to decreased expression of alas2, a gene involved in heme synthesis.
WT and KO eleutheroembryos and larvae were phenotypically equally
affected by exposure to pro-oxidants and genes known to be differentially regulated in the vertebrate oxidative stress response (OSR) were
up-regulated (e.g. hsp70.2, txn1, and gsr). When comparing WT and KO
across all treatments and times, there were 1,170 genes that were differentially expressed, of which 33 are known targets of Nrf1 and Nrf2. More
specifically, in animals exposed to pro-oxidants a total of 968 genes
were differentially expressed between WT and KO across developmental
time, representing pathways involved in coagulation, embryonic organ
development, body fluid level regulation, erythrocyte differentiation,
and oxidation-reduction, amongst others. Across time and treatment,
there were six genes (dhx40, cfap70, dnajb9b, slc35f4, spi-c, and gpr19)
that were up-regulated between WT and KO animals and four genes
(fhad1, cyp4v7, nlrp12, and slc16a6a) that were down-regulated. None of
these genes have been previously identified as targets of Nfe2 or the Nrf
family. These results demonstrate that the zebrafish Nfe2 may be a regulator of both primitive erythropoiesis and the OSR during development.

1216 Redox Modulations Alter Development of the
Exocrine Pancreas in the Zebrafish Embryo
(Danio rerio)

K. A. Borofski, K. E. Sant, and A. R. Timme-Laragy. University of
Massachusetts, Amherst, MA.
Exposures to many environmental contaminants are known to induce
oxidative stress, which can affect cell fate decisions during critical
windows of development. Oxidative stress is also associated with morphologic and physiological defects in the developing embryo. Redox
modulations of the morphology and function of the developing pancreas are widely understudied and require investigation. Disruptions
to the exocrine pancreas development could alter digestive enzyme
secretion, posing major challenges in digestion and nutrient absorption. Additionally, there may be decreased beta cell formation along the
pancreatic tail. The objective of this study was to determine whether
embryonic exposures to oxidative stress affect exocrine pancreas development. Tert-butylhydroperoxide (tBOOH), a pro-oxidant, and n-acetyl
cysteine (NAC), an antioxidant, were used to determine the consequences of exposure during embryogenesis. tBOOH is a membrane-permeable pro-oxidant that can induce significant changes in signaling
pathways and monovalent cation homeostasis. Conversely, NAC is an
antioxidant containing cysteine, one of the three amino acids in glutathione. Zebrafish expressing green fluorescent protein (GFP) in the exocrine pancreas under the ptf1a promoter (Tg(ptf1a:GFP) were used as the
research model in this study, because of their transparency that enables
organ imaging, in vivo. Embryos were exposed to nontoxic concentrations of tBOOH and/or NAC at 48 hpf and 72 hpf, respectfully. Total fish
length and exocrine pancreas length was measured during a period of
growth at 80 hpf and at 7 dpf, at which point the pancreas has matured
and secondary islet formation has begun. The data show that pretreating embryos with NAC before tBOOH exposure resulted in greater
exocrine pancreas growth, as well as overall fish length, when compared
to embryos treated with the pro-oxidant alone. Significant pancreatic
growth following antioxidant pre-treatment with pro-oxidant exposure
may suggest an optimal redox state during embryogenesis. Overall, this
work indicates that the exocrine pancreas is a sensitive target of exposures that modulate redox conditions in the developing embryo.

1217 Evaluating Zebrafish Developmental Assays for
1215 Nrf2 Modulates the Embryonic Redox Response
to Subchronic Perfluorooctanesulfonic Acid
Exposures in the Zebrafish, Danio rerio

K. E. Sant, H. M. Jacobs, P. Sinno, Y. Karasik, and A. R. TimmeLaragy. University of Massachusetts Amherst, Amherst, MA.
Perfluorooctanesulfonic acid (PFOS) is an environmental contaminant
widely used as a surfactant until phase-out in the early 21 st century.
PFOS is highly persistent, with a biological half-life of over 5 years, and
has been widely detected in human fetal cord blood and amniotic fluid
samples. Studies have demonstrated that PFOS can produce oxidative
stress in both adult and embryonic tissues, but the mechanisms governing this response require elucidation. The Nrf2 Antioxidant Response
Pathway is a central mediator of phase II metabolism and detoxification
in numerous systems, and is inducible by reactive oxygen species (ROS).
The objective of this study is to identify the role that the Nrf2 pathway
plays in PFOS-induced embryotoxicity, using a Nrf2a loss-of-function
zebrafish mutant strain. Homozygous Nrf2awt/wt and Nrf2afh318-/embryos were exposed to PFOS at 0, 16, 32 or 64 μM concentrations
beginning at 3 hpf, and exposures were maintained until sample collection at 48, 72, or 96 hpf. At 48 hpf, PFOS increased expression of Nrf2
target genes in Nrf2awt/wt embryos, including gclc–the rate limiting
enzyme for glutathione biosynthesis. However, following subchronic
exposures sampled at 96 hpf, there was no induction of Nrf2a targets in
Nrf2awt/wt or Nrf2afh318-/- embryos. Expression of nrf2b was decreased
by PFOS exposures in wild-type embryos but this transcriptional
response to PFOS exposures was attenuated in Nrf2afh318-/- embryos
at 96 hpf. Because the antioxidant response to the same exposures
changed between 48 and 96 hpf, we examined redox regulation of the
glutathione and cysteine redox couples at 72 hpf to probe biochemical perturbations. In both Nrf2awt/wt and Nrf2afh318-/- embryos, both
redox couples followed a U-shaped non-monotonic dose-response,
trending towards more oxidizing conditions in PFOS-exposed embryos.
However, the total glutathione concentration in Nrf2afh318-/- embryos
was elevated by PFOS exposures, suggesting increased biosynthesis and
utilization of glutathione. In vivo staining and imaging of apoptotic cells
revealed increased apoptosis in endodermal tissues of PFOS-exposed
embryos, and that this effect is exacerbated in Nrf2afh318-/- embryos.
Overall, this work suggests that Nrf2 modulates the antioxidant response
to subchronic PFOS exposures in the zebrafish embryo.

Predicting a Drug’s Teratogenic Plasma Level
Using an Exposure-Based Validation Compound
List

S. Cassar1, A. Hoberman3, B. Tornesi1, B. K. Beyer6, D. Stedman4, E.
Krupp5, and I. LeConte2. 1AbbVie, North Chicago, IL; 2Bayer, SophiaAntioplis, France; 3Charles River, Horsham, PA; 4Pfizer, Groton, CT;
5Sanofi, Frankfurt, Germany; and 6Sanofi U.S. Inc., Bridgewater, NJ.
Accurate prediction of the probability for novel chemical matter to
induce developmental malformations is crucial for public safety and safe
drug development. Mammalian models for detecting teratogenicity
are costly and time consuming and, as such, are conducted late in the
drug development process, usually just before phase 2 trials. Due to
their high fecundity, small size, transparency, and rapid external development, zebrafish may be used early in drug discovery to model vertebrate embryogenesis and prioritize candidates with low teratogenic
or developmental toxicity potential. Because toxicity is conditional on
exposure level, we sought to evaluate the zebrafish assay for quantitatively predicting maternal plasma levels at which drug candidates may
induce malformations in mammalian embryos (rodents and rabbits). A
published list of maternal chemical exposures (Cmax) of 27 compounds
causing or not causing fetal malformation was used to guide drug
selection and dose concentration ranges in the zebrafish embryo water.
Zebrafish development was monitored through 5 days post fertilization,
each compound concentration was scored for teratogenicity or lethality,
and these were compared with mammalian plasma levels causing or not
causing fetal malformations. These assays were conducted, in parallel,
at multiple sites as an ILSI-HESI consortium effort. The results demonstrate the usefulness of the zebrafish embryo for developmental toxicity screening and indicate that drug levels in the water which induce
zebrafish malformations are often within an order of magnitude of the
mammalian maternal plasma level causing fetal malformations.
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1214 The Transcription Factor, Nuclear Factor

1218 Modeling Zebrafish Developmental Toxicity
Using a Concurrent In Vitro Assay Battery

R. Judson. US EPA, Research Triangle Park, NC.
We describe the development of computational models that predict
activity in a repeat-dose zebrafish embryo developmental toxicity
assay using a combination of physico-chemical parameters and in
vitro (human) assay measurements. The data set covered 986 chemicals including pesticidal active ingredients, pharmaceuticals, industrial chemicals, food additives and consumer products. Approximately
50% of chemicals caused developmental defects, up to and including
embryo death. The most parsimonious, but highly predictive, machine
learning model used a single physicochemical parameter (logP) and a
set of the in vitro assays that measure cell stress and cytotoxicity. The
resulting model predicted developmental toxicity in zebrafish with
~80% balanced accuracy. Probability of developmental toxicity peaks
at logP~4.3 and drops off at higher and lower values. The stress model
includes in vitro assays for cytotoxicity, oxidative stress, apoptosis, and
microtubule and mitochondrial disruption. The inclusion of specific
gene targets and processes did not improve that accuracy of the classification model (active / inactive). Further analyses, however, examining
relative potency of the active compounds (those causing developmental
defects) identified a number of molecular targets or pathways that help
predict which chemicals can cause developmental toxicity in zebrafish
embryos at concentrations below where stress pathways are activated,
sometimes referred to as “excess toxicity”. These include specific activity
against mitochondria, microtubules, endocrine pathways (estrogen,
androgen, glucocorticoid, progesterone and thyroid), and ion channels.
Taken together, these data describe a predictive toxicity model for the
developing zebrafish embryo. More broadly, they highlight the utility
in applying machine learning approaches to identify discrete suites of
chemical features and high throughput in vitro assays that collectively
predict developmental toxicity in vivo. The findings from this study will
be applied to understanding potential risks to human health, but will
also help identify chemical activities that are likely to be toxic to developing fish embryos and other ecological species. This abstract does not
necessarily reflect US EPA policy.

1220 Developmental Exposure to Triclosan Alters

Microbiota Community Structure and Locomotor
Activity in Larval Zebrafish

T. Tal2, D. Phelps2, S. Keely1, N. Brinkman1, D. Hunter2, A. Gearhart2,
D. Betancourt2, C. McQueen2, and C. Wood2. 1US EPA, Cincinnati,
OH; and 2US EPA, Research Triangle Park, NC.
Growing evidence indicates that host-associated microbiota modify
the toxicokinetics and/or toxicodynamics of environmental chemicals;
however, current risk assessment methods do not consider interactions
between microbiota and chemical toxicity. We previously reported that
microbial colonization is required for normal neurobehavioral development in zebrafish. We therefore hypothesized that neurobehavioral
toxicity may be mediated by altered microbial colonization during
development. Here, we explored differences in swimming behavior and
bacterial community structure in sterile (axenic) and conventionally
raised zebrafish exposed to the antimicrobial triclosan (0-0.3 µM) during
development. Neurobehavioral function was assessed using a standard
locomotor assay consisting of alternating light and dark periods. At 10
days post fertilization (dpf), triclosan exposure had no effect on locomotor activity in axenic larvae where sterility was confirmed by 16S
ribosomal DNA sequencing. In comparison, locomotor hypoactivity was
observed in conventionally raised larvae exposed to 0.3 µM triclosan.
Triclosan exposure also triggered concentration-dependent shifts in
microbial community structure at 10 dpf in conventionally raised larvae.
These changes primarily mapped to the Proteobacteria phylum where
Betaproteobacteria levels decreased while Gammaproteobacteria
including Vibrio and Pseudomonas flourished in triclosan-exposed
larvae. Taken together, microbial colonization appears to be required for
triclosan-dependent behavioral outcomes. Further, triclosan-induced
behavioral effects were accompanied by concentration-dependent
shifts in the community structure of resident microbiota. These data
suggest that triclosan may exert behavioral effects via dysregulation of
microbial colonization during development. This abstract does not necessarily reflect US EPA policy.

1221 Comparison of Perfluorocarboxylic Acid
1219 Developmental Toxicity of Trichloroethylene
(TCE) in Zebrafish (Danio rerio)
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K. A. Horzmann, and J. L. Freeman. Purdue University, West
Lafayette, IN.
Trichloroethylene (TCE), an industrial degreaser and solvent, is a significant environmental toxicant that contaminates over half of all
Superfund sites in the United States and is one of the three most commonly identified chemicals of concern in cancer cluster outbreak investigations. While TCE is recognized as a known human carcinogen by the
International Agency for Research on Cancer, TCE has also been linked
to congenital cardiac defects, immune and reproductive system dysfunction, and neurodegenerative disease. Environmental exposure to
TCE typically occurs through ingestion and inhalation of contaminated
ground water sources and the US Environmental Protection Agency has
a maximum contaminant level of 5 ppb. However, ground water levels
of TCE have been reported at over 10,000 ppb at Superfund sites. The
developmental toxicity of TCE near regulatory levels needs further characterization in order to better assess the risk of this environmental toxicant. In this study, the zebrafish model was used to evaluate the acute
developmental toxicity of near regulatory level concentrations of TCE
by monitoring survivability, percent hatching, morphological measurements, and neurobehavior. Zebrafish embryos were dosed immediately
after fertilization with 0, 5, 10, 50, or 500 parts per billion (ppb; µg/L)
TCE, or 0.5 ppb 1-trichloromethyl-1,2,3,4-tetrahydro-β-carboline (TaClo),
a TCE metabolite. Embryos were exposed to the chemical through 72
hours post fertilization (hpf; the end of embryogenesis), rinsed, and kept
in filtered aquaria water until 120 hpf. The percent survival and hatching
were not significantly different between treatment groups (p > 0.05).
Minor morphological measurements indicated that the 5 ppb and 10
ppb TCE treatment groups as well as the 0.5 ppb TaClo groups had significantly shorter head lengths compared to the other treatments (p
< 0.05). The 10, 50, and 500 ppb treatment groups had a significantly
smaller head width compared to the other treatments (p < 0.05). No
significant differences were observed between TCE treatment groups
during the evaluation of neurobehavior in the visual motor response
assay (p > 0.05). The morphologic alterations suggest that developmental TCE toxicity is still a concern near regulatory concentrations and
that TCE should remain a priority environmental toxicant.

Developmental Exposure Alterations in
Morphology and Behavior in Zebrafish

K. M. Thompson, and J. L. Freeman. Purdue University, West
Lafayette, IN.
Perfluorooctanoic Acid (PFOA; CF3(CF2)6COOH), a fully fluorinated
eight-carbon carboxylic acid chain used in industry, is emerging as a
persistent environmental contaminant. PFOA is ubiquitously detected
worldwide in the environment as well as the general human population.
Since May 2016, the EPA has reduced the health advisory for drinking
water of PFOA from 0.4 ppb to 0.07 ppb. Several companies have voluntarily chosen to eliminate their use of PFOA. Shorter chain derivatives
have been proposed as replacement compounds due to evidence of
decreased acute toxicity. However, the amount of literature covering
the toxicity of these shorter Perfluorocarboxylic Acids (PFCAs) such as
the six-carbon derivative Perfluorohexanoic Acid (PFHxA) and fourcarbon derivative Perfluorobutanoic Acid (PFBA) is considerably lacking.
Additionally, these shorter compounds are becoming more predominant in the environment. The knowledge of the neurobehavioral effects
of developmental exposure to these PFCAs is limited. The purpose of
this study was to compare the morphological and behavioral effects of
PFOA exposure with exposure to PFHxA or PFBA in the zebrafish model.
We hypothesized that developmental exposure to PFOA would cause a
change in morphology and behavior in zebrafish larvae and that PFHxA
and PFBA exposure would not have any significant effect. Zebrafish
were exposed to control or 4, 40, or 400 ppb of PFOA, PFHxA, or PFBA
throughout embryonic development from 1-72 hours post fertilization
(hpf). Morphology measurements of body length, head length, and
head width were recorded of zebrafish larvae, and significant differences were found to occur for each chemical (p<0.05). Behavior analysis was conducted at 120 hpf. Distance and velocity were significantly
increased in zebrafish larvae exposed to 4000 ppb PFOA (p<0.05). No
significance was found in the behavior of larvae exposed to PFHxA. In
contrast, the amount of time spent moving was significantly lower in the
larvae exposed to 4000 ppb PFBA (p<0.05). This difference in behavior
among the PFOA, PFHxA, and PFBA exposed groups suggests that this
family of PFCAs behave and act through different pathways in vivo
despite similarities in structure. Additionally, although shorter chains
such as PFBA have shown to be overall less toxic compared to PFOA,
findings from this study indicate that some exceptions may exist and
that further study is required over the shorter compounds.

Processing for DART Studies

M. Johnson, T. Villani, and N. Crider. Visikol Inc., North Brunswick,
NJ. Sponsor: O. Mendes.
For the past century, the processing of fetuses for skeletal evaluations
in developmental and reproductive toxicology (DART) studies has been
conducted primarily with the same technique that was first described
by A. B. Dawson in 1926. This skeletal processing technique involves
the pairing of potassium hydroxide (KOH) tissue maceration with alizarin and alcian staining to highlight the bone and cartilage, respectively.
While this process is the industry-standard approach for skeletal processing and is ubiquitous in DART labs, it has significant short-comings: it is destructive, requires substantial oversight and is quite slow,
requiring 10-21 days to process fetal specimens. To improve this
process, researchers have for the last few decades experimented with
tissue clearing approaches that remove the need for destructive tissue
maceration. Despite the potential of these techniques, due to the cost of
these approaches and additional disadvantages such as tissue shrinking,
these methods have not been widely adopted to replace the traditional
KOH-based approach. However, through extensive evaluation we have
developed a non-destructive aqueous based tissue clearing process
which is able to pair with alizarin staining. Through a GLP study we
have demonstrated that this approach is able to achieve equivalent end
points to the traditional KOH-based process while reducing skeletal processing time down to 2 to 6 days for fetal mice, rats and rabbits.

1223 Juvenile Development of Minipigs over the First
16 Weeks

A. Makin1, Päi. S. Worsøe1, C. Skytte1, J. Tovborg Jensen1, and
R. Forster2. 1CiToxLAB Denmark, Lille Skensved, Denmark; and
2CiToxLAB France, Evreux, France.
Juvenile Göttingen minipigs are a good model of early human development but relatively limited background data is currently available for
these animals. We have undertaken a study to provide reference developmental data over the juvenile period from birth to age 16 weeks. At
this age, animals are sexually mature and are considered young adult
animals. In the present study 24 Göttingen minipigs were monitored
for standard toxicology parameters from birth to 16 weeks. Pregnant
sows were received in our facility and piglets derived from 7 litters were
housed with the sows until weaning at age of 4 weeks, and thereafter
group housed (3 per group) in a GLP accredited facility. Clinical observations were recorded daily. Growth was monitored by twice weekly
weighing and weekly measurement of crown-rump length. Blood
sampling and urine collection were undertaken regularly for clinical
pathology parameters which included immune cell phenotyping by
flow cytometry. Neurological examinations, opthalmoscopic and electro-cardiographic examinations were performed at 3, 7, 11 and 15 weeks
Clinical observations and neurological examination were indicative of
the good health of the minipigs and no abnormalities were observed. A
body weight increase of approximately 500 g per week was seen from 1
week to 16 weeks of age for both sexes. Blood and urine samples were
collected for clinical pathology at ages 6, 8, 10, 12, 14 and 16 weeks. We
have previously reported marked changes in certain clinical pathology
parameters with age. These changes were confirmed in the present
study. Increases of around 25% in the erythrocyte count, haemoglobin
and haematocrit were observed over the period from 6 to 14 weeks
of age, accompanied by a fall of up to 47 % in platelet count over the
same period. In clinical chemistry, we observed an increase in ALAT up
to 131% over the period from 6 to 16 weeks and marked increases in
creatinine, total protein and albumin. These age-related changes are
considered to reflect the normal physiology of a growing minipig. There
were no notable findings at opthalmoscopic and ECG examination. This
study provides background data representative of normal growing
Göttingen minipig and useful information about its developing physiology. Our results confirm the importance of age-matched background
data in juvenile studies, and will provide valuable reference data for the
interpretation of juvenile toxicology studies.

1224 Characterization of Intergenerational

Relationships in Glucose Homeostasis in
Diversity Outbred Mice

D. B. Hood, B. N. VanNoy, C. E. Bollinger, and T. Zhang. The Ohio
State University, Columbus, OH.
Diabetes is endemic in the United States, affecting nearly 30 million
people every year. Several risk factors are known for Type II Diabetes
Mellitus (T2DM) including obesity, family history, and gestational diabetes. T2DM is often preceded by a condition of impaired glucose tolerance. In utero environmental exposures during critical windows of
embryonic development might alter glucose homeostasis and increase
the likelihood of early-onset impaired glucose tolerance. The Diversity
Outbred (DO) mouse model, in which each mouse is genetically unique,
is useful for identifying subtle dose-response relationships of xenobiotic exposures. The aim of the present study is to characterize glucose
tolerance endo-phenotypes in the DO mice and determine the relationship in glucose homeostasis between generations. DO mice were
mated to produce two generations of offspring. At 8- or 10-weeks of
age, intraperitoneal glucose tolerance testing (IPGTT) was conducted in
offspring. Following a 6-hour fast, a 20% glucose solution was administered and blood glucose levels were monitored over the course of 120
minutes. The results of the study were used as a comparison group to
one of the founder strains of the DO strain, C57BL/6J. This strain has
been widely used in toxicology and cancer studies with high-fat diets
and diet-induced T2DM. The mean weights of the DO mice were not
significantly different from mean weights of C57BL/6J strain mice at age
12-16 weeks. The results of IPGTT were highly variable among breeding
cages, gender, and F1 and F2 offspring. Glucose levels peaked at either
15 or 30 minutes post-injection. Males tended to peak at 30-minutes,
while females tended to peak at 15-minutes, with a sharp decline in
blood glucose levels at the next time point. The majority of males did
not exhibit such a sharp decline, indicative of a gender-specific insulin
response to a glucose bolus. While no obvious trends were observed
between glucose homeostasis in breeders and offspring, it is important
to highlight the expansive variability in the DO mouse model. This variability may more closely mirror the variability in human populations.
Thus, the reference levels observed in this pilot study can inform future
research approaches with the DO mouse model, and play an integral
role in characterizing in utero environmental exposures that may alter
glucose metabolism and exacerbate T2DM.
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1225 The Threshold of Toxicological Concern for

Prenatal Developmental Toxicity in Rats and
Rabbits

B. van Ravenzwaay1, X. Jiang1, and T. Hartung2. 1BASF SE,
Ludwigshafen am Rhein, Germany; and 2Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD.
The Threshold Toxicological Concern (TTC) is based on the concept that,
even in absence of experimental data, reasonable assurance of safety
can be given if exposure is sufficiently low. We evaluated the REACH
database to calculate TTC values for prenatal developmental toxicity
(OECD test guideline no. 414). In rat developmental toxicity studies,
the low fifth percentile of 434 NO(A)EL values for maternal toxicity was
10 mg/kg b.w./day, the one for developmental toxicity, based on 469
NO(A)EL values being 13 mg/kg b.w./day. In rabbit developmental toxicity studies, the low fifth percentile of the distribution of 100 NO(A)EL
values for maternal toxicity was 4 mg/kg b.w./day, the one for developmental toxicity based on 110 NO(A)EL values being 10 mg/kg b.w./
day. Comparing maternal and developmental toxicity suggest that the
maternal organism might be slightly more sensitive. The combination
of the REACH- (mostly industrial chemicals) and the published BASF
data (mostly agrochemical active ingredients), while excluding double
entries, provides a total 537 chemicals with appropriate NO(A)EL values
for developmental toxicity in rats and 110 in rabbits. The low fifth percentile NO(A)EL for developmental toxicity in rats was 10 mg/kg b.w./
day and 9.5 mg/kg b.w./day for rabbits. Using a standard safety factor
of 100 on the low fifth percentiles yields a TTC value for developmental
toxicity of 100 µg /kg b.w./day for rats and 95 µg /kg b.w./day for rabbits.
Within the REACH context this value could serve as guidance whether
to perform an animal experiment or to rely on a TTC value, if estimated
exposure is sufficiently low. In emergency situations, in absence of
experimental data, this value may be useful for a first tier risk assessment.
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1222 Accelerated and Non-Destructive Skeletal

1226 Impact of P-gp Transporter Ontogeny on the
Safety Profile of Pharmaceuticals in Juvenile
Animals: A Case Study

F. Brouta1, J.-M. Nicolas1, M.-L. Rosseels1, M. Cornet1, H. Chanteux1,
P. Hall2, J. Long2, and B. O. Depelchin1. 1UCB Biopharma SPRL,
Braine l’Alleud, Belgium; and 2UCB Celltech, Slough, United
Kingdom.
Juvenile animal toxicity studies may be useful in the prediction of
age-related toxicity in children. The age correspondence between
animal species and humans is often based on similarities of tissue development that include morphological and functional endpoints. Only a
few cases of drug transporter ontogeny have been reported to have
led to differential safety profile in juvenile animals compared to adults.
UCBx is a new chemical entity in development for the treatment of
autoimmune diseases. When used in a dose-ranging study in rats pups
aged Post-Natal Day (PND) 7, acute mortalities were observed at doses
usually well tolerated in adult animals. Toxicokinetic analyses in rat pups
indicated unprecedented high brain exposure to the compound when
compared to adult animals. UCBx being a P-gp (permeability glycoprotein) substrate, these data suggested that the high brain concentration
may originate from the immaturity of the P-gp system in rat pups and
that the toxicity might be of CNS origin. A series of investigative studies
were therefore performed to address this hypothesis. A first study was
performed in young rats of various starting ages to address the tolerability profile of the molecule as well as plasma and tissue exposure.
Data indicated that although the plasma concentration was quite similar
across ages, brain concentration was age-dependent, and in line with
the reported developmental changes of rat brain P-gp. A second study
was performed in P-gp KO adult rats to further investigate the involvement of P-gp in brain disposition of UCBx. Results from this study indicated that while Wild-Type and P-gp KO rats displayed similar plasma
exposure, P-gp KO animals had much higher brain levels and displayed
hypoactivity. Overall these data highlight the importance that transporter ontogeny can have on drug safety profile in juvenile animals. The
risk assessment should therefore also take into account the ontogeny of
the involved transporters in humans to ensure safe use in the pediatric
population.
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1227 Loss of Maleylacetoacetate Isomerase Activity in
Rats following Dichloroacetate Treatment

1228 The Dietary Supplement Dimethylaminoethanol
Bitartrate Is Not Associated with Neural Tube
Defects in Hsd:SD Rats

B. McIntyre1, H. Cunny1, A. Stokes2, E. Mylchreest2, and P. M.
Foster1. 1NIEHS/National Toxicology Program, Research Triangle
Park, NC; and 2Southern Research, Birmingham, AL.
Dimethylaminoethanol (DMAE), a close structural analog of the essential
nutrient choline (N,N,N-trimethylaminoethanol), is a common dietary
supplement purported to improve cognitive health and memory.
Given the role of choline in normal neural development and reports
of DMAE-related neural tube defects in mouse embryos, DMAE bitartrate (common supplement form), was assessed in rat prenatal developmental toxicity studies. An initial dose range-finding study was
conducted to aid in dose selection and provide preliminary information on fetal outcomes. Female time-mated Hsd:SD rats (N=11/group)
were administered daily gavage doses of 0, 250, 500, or 1000 mg/kg
of DMAE bitartrate from gestation day (GD) 6 to 20, and subjected to a
necropsy, laparotomy, and examination of uterine contents on GD 21.
DMAE bitartrate was well-tolerated by the dams, as evidenced by an
absence of an affect on body weight or food consumption. There were
no DMAE-bitartrate related effects on the number of successful pregnancies, litter size, fetal weight, or external fetal findings. A subsequent
guideline prenatal developmental toxicity study was conducted (N=25/
group) at DMAE bitartrate dose levels of 0, 250, 500, and 1000 mg/kg.
DMAE bitartrate was again well-tolerated by the dams. There were no
DMAE bitartrate-related effects on the number of successful pregnancies, litter size or gravid uterine weight. DMAE bitartrate exposure did
not affect fetal weight or viability. There were no external or visceral
malformations or variations attributable to DMAE bitartrate. However,
DMAE bitartrate exposed fetuses in the 1000 mg/kg group (as compared
to control) displayed a slight increase in the frequency of unilateral and
bilateral rudimentary lumbar rib variations (38 vs 27% fetuses). The variation supernumerary ossification sites in the frontal nasal suture was
also observed in this exposure group (10 vs 1% of the fetuses; 50 vs 6%
of the litters). Taken together, these data indicate that unlike what is
observed in vitro with DMAE, DMAE bitartrate exposure in utero is not
associated with neural tube defects under the conditions tested.

1229 Placental-Mediated Mode of Action for

Myclobutanil-Induced Resorptions in Rats

SOT 2017 Annual Meeting

M. G. Smeltz, M. O. James, and P. W. Stacpoole. University of
Florida, Gainesville, FL.

J. LaRocca1, B. Hannas2, and R. J. Rasoulpour1. 1Dow AgroSciences,
Indianapolis, IN; and 2The Dow Chemical Company, Midland, MI.

Glutathione transferase zeta 1 (GSTZ1) biotransforms various α-haloacids,
like dichloroacetate (DCA), and is identical to maleylacetoacetate isomerase (MAAI). MAAI catalyzes the penultimate step in tyrosine catabolism. It has been shown that DCA-induced GSTZ1 inactivation can lead
to elevated concentrations of tyrosine catabolites, and it is hypothesized
that this is linked with the adverse effects of chronic DCA use in experimental treatment of metabolic disorders. In this study, we investigated
the hypothesis that MAAI activity with maleylacetone (MA) is reduced
in concert with GSTZ1 activity with DCA following inactivation and loss
of GSTZ1 protein by DCA treatment in rats. Female Sprague-Dawley rats
aged 4 wk to model children and 52 wk to model adults were studied
at times from 0.25-24h after a single oral dose of sodium DCA (100 mg/
kg) or sodium acetate (100 mg/kg, control). Hepatic cytosol and mitochondria from 3 rats at each age and time point were assayed for the
cis-trans isomerization of MA to fumarylacetone (FA), monitored by C18
reverse-phase HPLC and UV detection. The amount of FA formed was
quantitated using an internal standard. Activities with DCA and MA as
substrates were correlated, however, reaction rates were much greater
with MA, ranging from 6 to 154 times higher than when DCA was the
substrate. For DCA-treated rats, increasing time after administration
lead to a dramatic loss in MAAI activity, reaching an apparent nadir by 8
h with only 1% of the activity compared to controls in both cytosol and
mitochondria. By 24 h, similar to GSTZ1 activity with DCA, slight recovery
in MAAI activity was observed, but was more apparent in young rats. The
half-life of loss of MAAI activity was computed from log-linear plots of
activity versus time, and was shorter in adult rat, with young and adult
rat hepatic cytosol half-lives of 38.3 min and 56.4 min, respectively
(p<0.0001). These data indicate that MAAI activity is reduced after loss
of MAAI/GSTZ1 with DCA treatment in rats. Similar to that of measured
GSTZ1 activity with DCA, increasing age leads to a more rapid loss and
slower recovery of MAAI activity, consistent with observed age-related
differences in DCA pharmacokinetics and related toxicity development
in people. (This work was supported in part by the US Public Health Service
RO1 GM099871)

In a guideline developmental toxicity study, pregnant Crl:CD(SD) rats
given the fungicide myclobutanil from GD 6-15 had an increase in
embryo/fetal resorptions, with an NOAEL of 31.3 mg/kg/day and an
LOAEL of 93.8 mg/kg/day. To explore this effect in more detail, a modeof-action (MoA) study was conducted to determine if the resorptions
were mediated through effects on the placenta. Rats were administered
0, 100, 200, or 400 mg/kg/day myclobutanil (n=4-5/group) via gavage
from GD 6-21 and assessed for maternal and fetal toxicity (resorptions).
Body weight gains adjusted for gravid uterine weight were decreased at
all dose levels (30, 53, and 88 % decrease compared to controls for 100,
200, and 400 mg/kg/day, respectively). Liver weights were increased
in the 200 and 400 mg/kg/day dose groups. The mean percent postimplantation loss was increased in all dose groups (5.3% in controls
compared to 9.1%, 9.5%, and 13.7% in 100, 200, and 400 mg/kg/day
respectively). While the incidence of early resorptions was increased in
all dose groups, late resorptions were only detected in the 200 and 400
mg/kg/day treatment groups. Placenta weights were increased across
all dose groups (52-59%). Histopathologic examination of the placenta
revealed a dose-response effect in severity and/or incidence for several
lesions, including an increase in multifocal necrosis and inflammation,
degeneration of the labyrinth, and thickened labyrinth and trophospongium. The effects are threshold based and dose-responsive, with
an increase of early resorptions observed at 100 mg/kg/day, a threshold
for late resorptions at 200 mg/kg/day, along with a clear dose response
for the severity of adverse effects in the placenta. These data support
that myclobutanil causes resorptions via placental toxicity, the effects
are threshold-based and dose-responsive, and coincide with maternal
toxicity. Currently, the highest theoretical daily maximum intake for
myclobutanil is 0.0095 mg/kg/day, which is over 10,000 and 3,000-fold
lower than the developmental toxicity LOAEL and NOAEL, respectively.
The current point of departure utilized for dietary risk assessment for
myclobutanil is 2.5 mg/kg/day, which is over 10x lower than the NOAEL
for resorptions. Given the wide margin of safety and a POD that is more
conservative than the developmental toxicity NOAEL, the risk assessment would be considered to be protective of human health for developmental toxicity endpoints.

Neonatal Outcomes in Premature Infants:
Prospective Observational Study

R. S. Amin1, T. Darrah2, H. Wang3, and S. Amin3. 1Pittsford Mendon
High School, Pittsford, NY; 2The Ohio State University, Columbus,
OH; and 3University of Rochester, Rochester, NY. Sponsor: P.
Lawrence.
Gadolinium is a toxic earth element that is used as a contrast enhancement agent for diagnostic medical imaging. However, because of safety
concerns to developing fetus derived from preclinical studies, gadolinium can only be used during pregnancy if the potential benefits
justify the potential risks to the fetus. Since there are no previous well
designed prospective safety studies pertaining to developing fetus, we
aimed to evaluate the potential adverse effects of in utero gadolinium
exposure in high-risk premature infants. We performed a prospective
dose (cord gadolinium concentration) - response (neonatal outcomes)
study involving 104, 24-33 weeks gestational age infants. Cord blood
gadolinium concentrations were measured using Inductively Coupled
Plasma Mass Spectrometry. The mean (range) cord gadolinium concentration of infants was 191 (3.4 - 3729.6) pg/mL. The association between
cord gadolinium concentration (continuous measure) and each neonatal outcome (continuous or categorical measure) was evaluated using
either linear or logistic regression analysis. The gestational age, race,
gender, and antenatal steroid exposure were considered priori confounders. Recent adult human studies have shown that gadolinium
exposure may be associated with nephrotoxicity. However, on multiple regression analyses, we found no significant increase in adverse
effects on renal function or other common neonatal outcomes including
degree of prematurity, small for gestational age, respiratory distress syndrome, unconjugated hyperbilirubinemia, intraventricular hemorrhage,
necrotizing enterocolitis, patent ductus arteriosus, cholestasis, chronic
lung disease, retinopathy of prematurity and osteopenia of prematurity
with increase in cord gadolinium concentration. None of the infants had
clinically evident congenital malformations. Our study does not exclude
the possibility of increased risk of abortions, still births, carcinogenic
effects, or adverse long-term neurological effects. Nonetheless, our dose
- response study involving vulnerable premature infants provides useful
safety data. In conclusion, our findings suggest that in utero gadolinium
exposure is unlikely to be associated with adverse fetal effects beyond
the fetal viability period of ≥ 24 weeks gestational age.

1231 Developmental Toxicity of Dimethadione and
Acetylsalicylic Acid in Rats

H. Toy1, S. B. Harris2, and E. Mylchreest1. 1Battelle, West Jefferson,
OH; and 2Stephen B. Harris Group, San Diego, CA.
Positive control studies were conducted with two well characterized
rodent teratogens, acetylsalicylic acid (ASA) and dimethadione (DMD),
to support training on identification of fetal anomalies. Timed mated
female Crl:CD (SD) rats were administered vehicle, ASA or DMD orally
by gavage. ASA was administered once at a dosage of 500 mg/kg on
gestation day (GD) 9, 10 or 11. DMD was administered twice daily, 12
hours apart, on GD 8.5-11 (a total of 7 doses) at a dosage of 300 mg/
kg. A laparohysterectomy was performed on GD 21 and fetuses were
weighed and examined for external, visceral, and skeletal anomalies.
ASA and DMD administration resulted in increased post-implantation
loss (early/late resorptions, dead fetuses) and decreased fetal weight.
The most common malformations observed with ASA administration
were neural tube defects (craniorachischisis, spina bifida, meningocele),
diaphragmatic hernia, ventricular septum defect, supernumerary or malpositioned kidney, and numerous rib, sternebral, and vertebral anomalies, most notably absent and fused structures. The greatest severity
and overall incidence of anomalies occurred in the group administered
ASA on GD 9, except for kidney malformations, which occurred in the
group administered ASA on GD 11. The predominant visceral nomalies following DMD administration were persistent truncus arteriosus
and transposition of great vessels (with ventricular septal defect, generally membranous), absent aortic arch, and kidney agenesis. In conclusion, ASA and DMD administration to rats during major organogenesis
resulted in embryolethality and specific structural anomalies, consistent
with the published literature.

1232 Developmental and Reproductive Toxicity

Evaluation of Dengvaxia, the Sanofi Pasteur
Tetravalent Dengue Vaccine

G. Ravel3, N. Mantel4, E. Lewis1, A. Rogue2, S. Barbellion5, N.
Jackson4, and N. Burdin4. 1Charles River Laboratories Inc., Horsham,
PA; 2CiToxLab, Evreux, France; 3Sanofi Pasteur, Cambridge, MA;
4Sanofi Pasteur, Marcy l’Etoile, France; and 5Sanofi R&D, Alfortville,
France.
The first licensed dengue vaccine, Dengvaxia®, is a tetravalent live attenuated recombinant yellow fever-17D-dengue virus vaccine (CYD-TVD).
In support of its licensure, a developmental and reproductive toxicity
(DART) program was conducted. The aim was to investigate the potential risk to women of childbearing potential, pregnant women and their
offspring following vaccination. Amongst the established DART models,
rabbit and mouse models were selected based on preliminary immunology data and adapted by changing the immunization route to intravenous (IV) and/or increasing vaccine dose to improve the response.
New Zealand White rabbit dams were administered five IV injections
of one human dose of CYD-TVD (5 log10 cell culture infectious dose
50% (CCID50) per serotype); two before mating and three during gestation. Since vaccine virus was not detectable in rabbits, while antibody
response and transfer were shown, mice were selected as an additional
species to investigate the effects of viral load. The Crl:CD1(ICR) mouse
dams were dosed with one IV injection of CYD-TVD at different stages of
pregnancy or during lactation. To maximize exposure to vaccine, dams
were given either the human or high doses of CYD-TVD (5, 6.5 or 8 log10
CCID50/serotype). Study endpoints were in compliance with the Food
and Drug Administration (FDA) guidance on DART studies with preventive vaccines and investigated the effects of the vaccine from pre-implantation, embryonic, fetal and early post-natal periods. DART data at
the human dose showed no adverse effect on the mating performance
and fertility in female rabbits, no evidence of teratogenic potential and
no effect on pre- and post-natal development up to weaning in both
species. Fetal effects in mice at high IV doses were observed in association with maternal toxicity only and no developmental and reproductive
effects are therefore predicted in case of vaccination of women of childbearing potential with CYD-TVD.

1233 Pilot Prenatal CD-1 Mouse Developmental

Toxicity Studies with the AIDS Drugs Tenofovir
Disoproxil Fumarate (TDF), Emtricitabine (FTC),
and Efavirenz (EFV) Alone and in Combination:
Suggestions of a Toxicokinetic Interaction?

A. L. Dzierlenga1, H. Cunny1, C. Hebert2, L. Miller2, and B. S.
McIntyre1. 1National Toxicology Program, Research Triangle Park,
NC; and 2Southern Research, Birmingham, AL.
The WHO suggests combination therapy of TDF, FTC, and EFV for
HIV&nbsp;(+) individuals, including women of childbearing potential.
While this combination has been shown to be safe and effective in HIV/
AIDS patients, EFV has been associated with birth defects in primates.
Women desiring to become pregnant are advised to discontinue EFV
use for the first trimester (period of major organogenesis), during which
women may not realize they are pregnant. Nonclinical data regarding
the potential impact of this tri-combination on fetal development is
limited. A series of pilot prenatal developmental studies with TDF, EFV,
and the tri-combination were undertaken to evaluate the potential for
each drug, and the combination, to cause maternal toxicity and generate preliminary information on potential fetal harm. Pregnant CD-1
mice (N=13/group) were administered TDF or EFV (0, 75, 150, 300, or
600 mg/kg) or vehicle (0.5% methylcellulose in water) via oral gavage
from GD 5 to GD&nbsp;17, and assessed on GD 18. US FDA’s summary
for FTC indicated dose levels of up to 1000 mg/kg did not affect mouse
prenatal development. Dams dosed with 600 mg/kg TDF exhibited
lower body weight gain over the GD 5-18 interval (~29%) and lower fetal
weights (~12%). There was no effect on the number of fetuses or other
fetal findings. Dams in the 600 mg/kg EFV dose group were euthanized
on GD 8 due to excessive toxicity. Dams dosed with 150 or 300 mg/
kg of EFV displayed slight decreases in body weight gain over the GD
5-18 interval (~7 and 9%). Fetuses exposed to 150 and 300 mg/kg of
EFV displayed lower weights (~15 and 19%). There was no effect on the
number of fetuses or other fetal findings. Based on these data and the
US FDA’s summary for FTC, a pilot prenatal study was conducted using
the clinical dose ratio of FTC:TDF:EFV (0:0:0, 12.5:18.8:37.5, 25:37.5:75,
or 50:75:150&nbsp;mg/kg), with the highest ratio expected to result in
EFV-driven fetal toxicity. However, dams exhibited no difference in body
weight gain or mortality, nor were there any differences in fetal weight
or other fetal endpoints. Overall, these data suggest that TK and/or toxicodynamic interactions may attenuate the EFV-mediated fetal effects
when given in tricombination.
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1230 In Utero Exposure to Gadolinium and Adverse

1234 Application of Signaling Pathway-Based Adverse

Outcome Pathways and High-Throughput
Human Gestational Toxicokinetic Models for
Identification of Putative Developmental Cardiac
Toxicants

S. Hunter3, K. Grode3, M. Rosen3, D. Kapraun3, N. Sipes2, N. C.
Baker1, R. Judson3, and T. Knudsen3. 1Leidos, Research Triangle
Park, NC; 2NIEHS, Research Triangle Park, NC; and 3US EPA,
Research Triangle Park, NC.
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Associating putative molecular initiating events (MIE) with downstream cell signaling pathways and modeling fetal exposure kinetics
is an important challenge for integration in developmental systems
toxicology. Here, we describe an integrative systems toxicology model
for developmental cardiac malformations in general and valvulo-septal
defects in particular. The Mouse Genome Informatics (MGI) Phenotype
database was mined to recall genes associated with valvulo-septal
(VS) phenotypes. This gene list was linked to curated signaling pathways using the Panther database (pantherdb.org). The ToxCast in vitro
high-throughput assay gene score data was mined to create a target
pathway score for each chemical by summing gene scores for all constituent genes in each associated pathway. This yielded a matrix of
predicted chemical-pathway interactions for those elements linked to
VS defects. A human pregnancy PBPK model was used to estimate the
peak fetal serum concentration during the 14th week of gestation for
a set of 416 ToxCast chemicals following 1 or 100 mg/kg/day doses. A
chemical was defined as bioactive when the peak serum concentration
was greater than the gene score (AC50) for any pathway element. Using
the signaling pathways associated with VS defects, 88 chemicals were
predicted as bioactive at a 1 mg/kg/day exposure and 184 chemicals at
100 mg/kg/day. Acetochlor, Rotenone, Tebufenpyrad, and Valproic acid
were predicted to be bioactive chemicals at both doses. PBPK and gene
score data were available for 4 ToxCast chemicals that are rat or rabbit
in vivo cardiac teratogens in the US EPA’s Toxicity Reference Database.
The integrated exposure-response model predicted all four to be bioactive in the TGFbeta, Wnt, GPCR or gonadotropin signaling pathways
at 100 mg/kg/day, but not at 1 mg/kg/day. This analysis reveals a broad
range of diverse signaling pathway MIEs that correlated with apical endpoints of prenatal cardiac developmental toxicity. The integrative model
provides a starting point for pathway-based mechanistic prediction in
defining the biological applicability domain for prenatal cardiac developmental toxicity. This abstract does not represent US EPA policy or official
NTP views.
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1235 Towards Building an AOP-Based Prenatal
Developmental Toxicity Ontology

Staal3,

Y. C.
N. Baker1, L. D. Burgoon4, G. Daston2, T. Knudsen5,
and A. H. Piersma3. 1Leidos, Research Triangle Park, NC; 2Proctor &
Gamble Company, Cincinnati, OH; 3RIVM, Bilthoven, Netherlands;
4US Army Engineer Research and Development Center, Research
Triangle Park, NC; and 5US EPA, Research Triangle Park, NC.
Retinoid signaling plays an important role in embryo-fetal development
and its disruption is broadly teratogenic. The retinoic acid (RA) pathway
includes elements in retinoid metabolism and nuclear receptor (RAR,
RXR) activation and thus serves as an excellent prototype for adverse
outcome pathway (AOP) elucidation associated with developmental
defects such as caudal regression. Based on available data in the literature, interactions on the molecular level were mapped, starting at RA
metabolism leading to caudal regression at both the anterior-posterior
axis and the dorsal-ventral axis. We expanded an earlier AOP relating
RA perturbation to neural tube and axial malformations in mammalian
development through the use of text mining tools that allowed rapid
identification of relevant literature related to human developmental
biology. Important aspects are for example the RA balance and WNT and
FGF signaling. Extracted information on RA related molecular regulators
and biomarkers was structured in an ontology software environment.
Gradients of expression on the anterior-posterior and dorsal-ventral
axis, which are critical for normal development, were visualized. This
prototype serves as an initial framework for a broader ontology of AOPs
based, at least initially, on chemical structure, using data from approximately 900 published developmental toxicity studies that contains
information on putative molecular initiating events responsible for each
AOP and downstream key events. The views presented in this article do
not necessarily reflect current or future opinion or policy of the US EPA and
the US Army Corps of Engineers.

1236 Using Metabolomic Profiles to Determine

Developmental Neurotoxicity of Chlorpyrifos in
Neural Progenitor Cells with or without Media
Preconditioned with C3A Hepatocytes

E. M. McKenzie. University of Georgia, Athens, GA. Sponsor: M. A.
Smith.
Many pesticides utilize neurotoxic mechanisms to be effective, but a
secondary consequence may be toxicity to the developing human
brain. In vitro testing can provide critical information modeling developmental outcomes on a cellular level. To address concerns about
neurotoxicity of chlorpyrifos our objectives were to 1) determine the
effects of chlorpyrifos on developing neurons, and 2) further develop
our system by adding a metabolism component using C3A liver cells.
Viability assays were conducted to determine the dose range and appropriate doses. After exposing both hNP and hN2 cells to a chlorpyrifos
for 48 hours, media were collected and derivatized for metabolomic
analysis. In addition, C3A cells were treated with chlorpyrifos, and the
conditioned media was then applied to hNP or hN2 cell cultures for 48
hours. The media was removed, and metabolites derivatized for GC/MS.
Cells demonstrated biomolecular alterations in response to chlorpyrifos
exposure at 0.3, 3 and 30 µM concentrations. Using MetaboAnalyst for
pathway analysis, major pathways affected in hN2 cells directly exposed
to chlorpyrifos were phenylalanine metabolism, fatty acid biosynthesis,
and cyanoamino acid metabolism. When hN2 cells were exposed to conditioned media from C3A cells treated with chlorpyrifos, the major pathways affected were valine, isoleucine, and leucine biosynthesis and degradation, and aminoacyl-tRNA biosynthesis. In summary, chlorpyrifos
affects amino acid and fatty acid metabolism in developing neuronal
cells. An indicator of the biological impact of chlorpyrifos on neural progenitor cells was calculated by taking the sum of the absolute values
of significant differences identified through t-tests of metabolomics
profiles. Conditioned media from chlorpyrifos treated C3A cells had a
tenfold or greater biological impact on hN2 cells than direct exposure
to chlorpyrifos, suggesting the metabolites are more biologically active
than the parent compound.

1237 The Endocannabinoid Anandamide Disrupts
the Syncytialization of Human Placental
Trophoblasts and Expression of Uptake and
Efflux Transporters

J. T. Szilagyi2, A. Vetrano1, L. M. Aleksunes2, and J. D. Laskin2.
1Rutgers University, New Brunswick, NJ; and 2Rutgers University,
Piscataway, NJ.
In the placenta, syncytiotrophoblasts secrete hormones and regulate
the transfer of nutrients and chemicals between the maternal and fetal
circulations. Uptake and efflux transporters, including the organic anion
transport polypeptide (OATPs), breast cancer resistance protein (BCRP)
and multidrug resistance-associated proteins (MRPs), modulate and
largely restrict fetal exposure to potential toxicants. The endocannabinoid anandamide (AEA) modulates syncytialization and is elevated in
gestational disorders such as preeclampsia. The purpose of this study
was to test the ability of endocannabinoids to modulate placental transporter function. Human trophoblast BeWo b30 cells were treated with
AEA (10 μM) and/or forskolin (25 μM), an inhibitor of cAMP phosphodiesterase and inducer of syncytialization. At 24 h, markers of syncytialization and expression of xenobiotic transporters were assessed. Forskolin
stimulated syncytialization as indicated by a 10% increase in cell size
and an 8- to 45-fold increase in syncytial differentiation markers human
chorionic gonadotropin (hCG)α, hCGβ and glial cell missing 1 (GCM1), a
chorion-specific transcription factor. Treatment with AEA partially inhibited forskolin-mediated syncytialization of trophoblasts, as evidenced
by a restoration of cell size, and a 15-34% reduction in hCGα, hCGβ and
GCM1 mRNAs. Forskolin also increased hCGβ secretion from BeWo cells
by 6.8-fold, an effect inhibited by AEA. Forskolin induced the increase in
expression of BCRP, MRP2, MRP5 and OATP4A1 mRNAs between 1.4- to
2.7-fold, which was blocked 21-42% by AEA. No change in MRP1 expression was observed with either treatment. Syncytialization of placental
trophoblasts and placental transporter function is critical to protecting
the fetus from toxic insult. Our data indicate that anandamide plays a
role in regulating transporter expression, a process important in the
maintenance of the placental barrier during pregnancy. (Supported by
R01ES020522, T32ES007148, P30ES005022)

Placental Cell Syncytialization and Gap Junction
Formation

L. Gorczyca, and L. Aleksunes. Rutgers University, Piscataway, NJ.
Syncytiotrophoblasts are critical for the production of pregnancy-related hormones, transfer of nutrients and waste between the maternal
and fetal circulations, and expression of placental barrier transporters.
Syncytiotrophoblasts are multinucleated cells that arise from the fusion
of cytotrophoblasts. The aberrant fusion of cytotrophoblasts contributes to gestational disorders such as preeclampsia and intrauterine
growth restriction. Notably, stimulation of syncytialization induces
the expression of the placental efflux transporter, breast cancer resistance protein (BCRP). BCRP critically limits fetal exposure to xenobiotics
as well as endogenous chemicals by pumping substrates back to the
maternal circulation. In the present study, we assessed whether BCRP
actively participates in syncytialization and gap junction formation by
measuring the expression of genes involved in trophoblast cell fusion
(glial cells missing homolog 1, GCM1), hormone secretion (human chorionic gonadotropin beta, hCGβ) and gap junctional intercellular communication (connexin 43, CNX43) in BeWo placental cells. Cells were
treated with vehicle or the pharmacological inhibitor of BCRP, Ko143
(3 μM) for 18, 24, and 48 h. Treatment with Ko143 for 18 and 24 h did
not alter expression of hCGβ, GCM1, or BCRP mRNAs. However, expression of CNX43 mRNA was reduced by 46% after an 18 h exposure of
BeWo cells to Ko143. Treatment with Ko143 for 48 h resulted in a 42%
down-regulation of hCGβ. Lower hCGβ mRNA corresponded with a 30%
increase in the transcriptional activator GCM1. Induction of GCM1 may
represent an attempt to compensate and restore basal syncytialization.
By contrast, Ko143 treatment did not alter forskolin-mediated up-regulation of hCGβ, GCM1, and CNX43 mRNAs. These data suggest that the
BCRP transporter may have a role in the basal syncytialization of placental cells and intercellular communication between cytotrophoblasts.
(Supported by R01ES020522, T32ES007148, P30ES005022)

1239 Do Some Autism Spectral Disorder Patients Have
Inefficient Mitochondria or Poor Responses to
DNA Damaging Agents

C. Mansfield1, W. T. Boswell1, P.-C. Lin2, C. Schwartz2, and W. S.
Baldwin1. 1Clemson University, Clemson, SC; and 2Greenwood
Genetics Institute, Greenwood, SC.
Autism spectrum disorders (ASDs) represent a heterogeneous collection
of neurodevelopmental disorders; indicating different disorders with
similar symptoms such as impaired social interactions, communication
issues, and repetitive behaviors. Over the past decade, there has been a
10X rise in the prevalence of ASDs from 0.2% to 2% of the US population
of school age children. The Organization for Economic Co-operation and
Development (OECD) lists ASD/ADHD as one of the three diseases and
syndromes of contemporary toxicology concern along with testicular
dysgenesis and metabolic disorders. With this rise in ASD has come an
interest in identifying both the causation and biomarkers for ASDs. We
developed qPCR assays for measuring mtDNA damage and number to
assess whether a subset of ASD patients show mitochondrial inefficiency
or a susceptibility to DNA damage either through increased damage or
poor repair. MtDNA is much more sensitive to disruption than nuclear
DNA and recent research indicates a putative role for perturbations in
tryptophan and fatty acid metabolism make mitochondria a likely target
for ASD. Fibroblast cell lines from ASD+ and ASD- patients were treated
with hydrogen peroxide, docosahexaenoic acid (DHA; n-3 fatty acid), or
both for 24 hours and mtDNA number and damage response assessed
and compared to untreated controls. 5/6 ASD- cell lines showed no significant increase in mtDNA number and all ASD- cell lines showed no
signs of mtDNA damage or inefficient repair. In contrast, two ASD+ cell
lines show a 5X increase in mtDNA number, indicating mitochondrial
inefficiency. While two others show perturbed damage responses over
24 hours. One of these, AK10, demonstrated both mitochondrial inefficiency and a significantly increased DNA damage compared to both
ASD+/- populations. We are currently measuring the initial mtDNA
damage caused by hydrogen peroxide alone or in combination with
DHA to determine if our ASD patients are more susceptible to mtDNA
damage due to poor damage response or metabolic inefficiency. Taken
together, 0/6 ASD- cell lines show significant mitochondrial deficiencies,
while 4/9 of the ASD+ cell lines show mitochondrial deficiencies either
in efficiency or in response to a toxic stressor.

1240 Ethanol-Induced Inhibition of Neural

Differentiation of Neural Crest Cells Is Mediated
by microRNA-34a through Targeting AutophageRelated Genes

H. Fan, J. Liu, Y. Yun, F. Yuan, and S.-y. Chen. University of Louisville
Health Sciences Center, Louisville, KY.
Neural crest cells (NCCs) are multipotent progenitor cells that are sensitive to ethanol and are implicated in the Fetal Alcohol Spectrum
Disorders (FASD). Our previous studies have demonstrated that miR125b can prevent ethanol-induced apoptosis in NCCs. The objective of
this study is to test whether ethanol exposure can inhibit the neural
differentiation of NCCs by down-regulating autophagy and whether
miR-34a is involved in ethanol-induced inhibition of autophagy in NCCs.
We found that exposure to 50 or 100 mM ethanol significantly decreased
autophagy in NCCs, as indicated by a decreased LC3II/I ratio and an elevated expression of p62 protein, a selective autophagy receptor that recognizes and shuttles ubiquitinated proteins to the autophagosome for
degradation. Ethanol exposure also resulted in the inhibition of neural
differentiation of NCCs, which was manifested by a decreased expression of neuronal maker neurofilament (NF) and neurogenesis gene,
Mash1. Knockdown of p62 significantly restored the expression of NF
and Mash1 in ethanol-exposed NCCs, suggesting that ethanol exposure
can inhibit the neural differentiation of NCCs by inhibiting autophagy.
To determine whether miR-34a is involved in ethanol-induced inhibition
of autophagy and neural differentiation in NCCs, we first investigated
whether ethanol exposure can change miR-35a expression in NCCs. We
found that ethanol exposure resulted in a significant increase in miR-35a
expression in NCCs. Bioinformatic prediction revealed that Atg9a, a
multi-spanning membrane protein essential for autophagy, is a direct
target of miR-34a. We found that down-regulation of miR-34a by transfection with miR-34a inhibitor diminished ethanol-induced inhibition
of autophagy in NCCs. In contrast, over-expression of miR-34a by transfection with miR-34 mimic exacerbated ethanol-induced inhibition of
autophagy. These results demonstrate that ethanol-induced inhibition
of neural differentiation of NCCs is mediated by the miR-34a through
targeting autophagy-related genes. Supported by NIH grants AA021434,
AA020265 and AA024337 (S-Y.C)

1241 Validation of Upcyte Hepatocytes in Predictive
Drug-Induced Liver Injury Assays

Korrapati1,

Maddox1,

Maalouf1,

Heuvel2,

M.
E.
S.
J. P. Vanden
and B.
Sherf1. 1INDIGO Biosciences, Inc., State College, PA; and 2Penn State
University, University Park, PA.
Drug-Induced Liver Injury (DILI) is a major cause for terminating clinical trials and post-marketed drug withdrawal by the US FDA. Therefore,
early hepatotoxicity evaluation is extremely important for improving the
drug development process and reducing drug attrition rates. Hence in
vitro assays for the early and rapid assessment of a drug’s potential to
induce hepatotoxicity are important predictive tools that can inform
drug development decisions. Here we validate the use of upcyte®
hepatocytes as a screening tool for an early in vitro assessment of drug’s
potential to induce DILI. upcyte® hepatocytes are human donor-derived hepatocytes modified to confer limited proliferative ability while
maintaining their primary tissue-like phenotype. Hepatocytes from different human donors were investigated in this study. A diverse library of
hepatotoxicants with known mechanisms of toxicity were evaluated in
this study. Fluorescent probe-based cytotoxicity assays and screening
methods for assessing general and mechanism-specific hepatotoxicity
were developed. Endpoints assessed were cell viability, ATP depletion
and Oxygen Consumption Rate (OCR) that are indicative of mitochondrial function. The model hepatotoxicants tested induced significant
and variable levels of overt toxicity and/or mitochondrial dysfunction
(decreased ATP production and perturbed oxygen consumption) in the
upcyte® hepatocytes. In addition to DILI assessments, upcyte® hepatocytes have the potential to be used as assay tools in investigative toxicology applications such as steatosis, cholestasis, and CYP450 manipulations. In vitro screening tools for that are predictive of in vivo DILI, and
the potential underlying causative mechanisms, undoubtedly facilitate
discovery toxicology studies during the early phase safety assessments
of new chemical entities. These data validated upcyte® hepatocytes for
continued use in the development of kits to screen drugs for induced
hepatotoxicity endpoints.
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1238 Role for the BCRP/ABCG2 Transporter in

1242 Assessment of the Toxicological Effects of

Phenolic Benzotriazoles in an In Vitro Liver
Model

P. E. Dunlap, C. Blystone, J. Rice, S. Ramaiahgari, W. Boyd, S.
Ferguson, and M. DeVito. NIEHS, Research Triangle Park, NC.
Phenolic Benzotriazoles (PBZTs) are UV stabilizers (absorb UV to increase
stability) used primarily as industrial additives: paints and coatings,
rubber and plastic products, and electrical and electronic products as
well as food contact polymers and adhesives, cosmetics, sunscreens,
and fragrances. They are a group of over 30 compounds. There has
been very little conclusive in vivo data collected and no known human
exposure data. As part of program assessing the potential toxicity of
this class, this study used a primary human hepatocyte liver model to
evaluate the biological effects of nine selected PBZTs in order to identify
specific chemicals with the highest potential for further toxicity testing.
The PBZTs tested were Drometrizole, tBu-BZT, Octrizole, Phenolic
Benzotriazole, tBuPrOcEst-BZT, DitPe-BZT, DiMeEtPh-BZT, DitBu-BZT,
Bumetrizole. Primary human hepatocyte cultures were exposed for 72
hours and subsequently measured for cytotoxicity, gene expression
of CYP1A2, CYP2B6, CYP3A4, ABCB11, or HMGCS2 gene expression
(markers of toxicologically-important hepatic receptor activation) and
changes in cell morphology. There was no observed cytotoxicity as measured by cell membrane LDH leakage. However, there were changes in
CYP2B6 expression, where 6 0f 9 PBZTs showed significant increases
in the expression of this gene. There was also increased expression of
CYP1A2 and, CYP2B6CYP3A4 induced by several PBZTs., ABCB11, or
HMGCS2 mRNAs were not altered by exposure to PBZTs.

1243 Combining Bioinformatics and Metabolomics to
Investigate How a Specific FXR Antagonist Can
Modulate Non-Alcoholic Fatty Liver Disease

R. G. Nichols, L. Zhang, P. Smith, G. Perdew, and A. Patterson.
Pennsylvania State University, State College, PA.
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The gut microbiome modulates drug metabolism, toxicity, obesity
and obesity related syndromes. The farnesoid X receptor (FXR) was
recently identified as a key modulator of the interaction between the
host and the gut microbiome. Glycine- β-muricholic acid (Gly-MCA)
is an intestinal FXR antagonist and prevents or reverses obesity when
supplemented to mice on a high fat diet, but the mechanism for this
is poorly understood. In the current study we implemented metabolomic and bioinformatic methods to elucidate how Gly-MCA interacts
with the gut microbiota to prevent obesity and non-alcoholic fatty liver
disease. 16S rRNA sequencing, whole genome shotgun sequencing, and
PICRUSt (Phylogenetic Investigation of Communities by Reconstruction
of Unobserved States) were used to understand the microbial changes
and its impact on host metabolism. We used 1H NMR-based metabolomics and gas chromatography coupled mass spectrometry (GC-MS) to
measure the metabolite changes seen after a Gly-MCA supplementation which revealed a decrease of the Firmicutes to Bacteroidetes ratio
and showed strong correlations between metabolite changes to bacterial changes. These observations were used to create genome-scale
metabolic models to further understand the metabolic impact of GlyMCA. These models highlighted the importance of bile salt hydrolase
activity in Lactobacillus species to the overall healthy gut microbiome
and metabolome associated with mice on a high fat diet supplemented
with Gly-MCA. Thus, combining the data showed significant interplay
between the gut microbiome and the host which will be informative for
defining how drugs, toxicants, and other factors influence host health.

1244 Effects of 31 US FDA-Approved Small-Molecule
Kinase Inhibitors on Isolated Rat Liver
Mitochondria

J. Zhang4, A. T. Salminen4,2,, X. Yang4, Y. Luo4, Q. Wu4, M. C. White4,
J. J. Greenhaw4, L. Ren4, M. S. Bryant4, W. F. Salminen1, T. Papoian3,
W. B. Mattes4, and Q. Shi4. 1ProNatural Brands, LLC, Boca Raton,
FL; 2University of Arkansas, Fayetteville, AR; 3US FDA/CDER, Silver
Spring, MD; and 4US FDA/NCTR, Jefferson, AR.
The US FDA has approved 31 small-molecule kinase inhibitors (KIs) for
human use as of August 2016, with 6 having black box warnings for
hepatotoxicity (BBW-H) in product labeling. The precise mechanisms
and risk factors for KI-induced hepatotoxicity are poorly understood.
Here the 31 KIs were tested in isolated rat liver mitochondria, an in vitro
system recently proposed to be a useful tool to predict drug-induced
hepatotoxicity in humans. The KIs were incubated with mitochondria
or submitochondrial particles at concentrations ranging from therapeutic maximal blood concentrations (Cmax) levels to 100- fold Cmax

levels. Ten endpoints were measured, including oxygen consumption
rate, inner membrane potential, cytochrome c release, swelling, reactive
oxygen species, and individual respiratory chain complex (I-V) activities.
At concentrations equal to Cmax, three drugs including regorafenib,
sorafenib and pazopanib caused at least one type of mitochondrial
injury, indicating that mitochondrial toxicity seen in vitro correlates
with the clinical pathogenesis of hepatotoxicity associated with these
KIs. At concentrations equal to100-fold Cmax, 18 KIs were found to be
toxic to mitochondria, and among 6 KIs with BBW-H, mitochondrial
injury was induced by regorafenib, lapatinib, idelalisib, and pazopanib,
but not ponatinib or sunitinib. Mitochondrial liability at 100-fold Cmax
had a positive predictive power (PPV) of 72% and negative predictive
power (NPV) of 33% in predicting human KI hepatotoxicity as defined by
product labeling, with the sensitivity and specificity being 62% and 44%,
respectively. Similar predictive power was obtained using the criterion
of Cmax ≥ 1.1 µM or daily dose ≥ 100 mg. Mitochondrial liability at 1 to
2.5-fold Cmax showed a 100% PPV and specificity, though the NPV and
sensitivity were 32% and 14% respectively. These data provide novel
mechanistic insights into KI hepatotoxicity and indicate that mitochondrial toxicity at therapeutic levels can help identify hepatotoxic KIs.

1245 Comparison of RNASeq with Microarray Gene

Expression Platforms for the Toxicogenomic
Evaluation of Liver from Short-Term In Vivo Rat
Studies

M. S. Rao, R. Ciurlionis, W. Buck, T. Van vleet, S. Mittelstadt, E.
Blomme, and M. Liguori. AbbVie, North Chicago, IL.
Gene expression profiling is commonly used to interrogate mechanisms
of toxicity in pre-clinical studies. RNASeq technology has emerged as
an attractive alternative method to the traditional microarray platforms
in identifying differentially expressed transcripts (DETs) in toxicology
studies. In this work, we used RNA from livers of rats treated for 5 days
(n=3 rats/group) with prototypical hepatotoxicants (ANIT (100mg/kg),
carbon tetrachloride, CCl4 (1582mg/kg), methylenedianiline (100mg/
kg), APAP (1000mg/kg), and diclofenac (10mg/kg)). Samples were analyzed using both RNASeq or microarray hybridization platforms. Data
were compared to determine the degree of concordance between the
platforms and if either provides added scientific and/or economic value
or other biological insights. RNASeq identified additional protein-coding
as well as non-coding transcripts and provided a wider quantitative
range when compared to microarrays. Using p-value < 0.01 and fold
change of > 1.5 resulted in a large number of DETs for ANIT, CCl4 and
methylenedianiline in both platforms compared to APAP and diclofenac.
About 50-60% of differentially expressed protein coding genes overlapped between the two platforms. These common DETs modulate a
wide range of pathways such as tryptophan degradation, glutaryl- CoA
degradation, cholesterol biosynthesis, FXR/RXR activation, oxidative
stress, eiF2, glutathione biosynthesis, gamma glutamyl cycle and ketogenesis. Methylenedianiline and ANIT shared two common pathways
(glutaryl CoA degradation and tryptophan degradation). CCl4 and ANIT
shared changes in genes involved with cholesterol. However, APAP did
not share any pathways with CCl4, methylenedianinie and ANIT. On a
per sample basis, RNASeq analyses were significantly less expensive
than microarray analyses. In general, RNAseq identified unique pathways that could not have been deciphered using traditional microarray
platforms. Consistent with the well characterized mechanism of APAP,
both platforms identified Nrf2 and glutathione as dominant regulated
pathways. However, RNAseq revealed additional biological components
related to these pathways. These results indicate that RNAseq is an
appropriate platform for toxicogenomic studies with potential advantages compared to traditional microarray platforms.

1246 Utilization of the ExVive Human Liver Tissue
Model to Assess Drug-Induced Liver Injury
across a Diverse Set of Chemical Classes

C. Grundy, T. R. Smith, R. N. Hardwick, and D. G. Nguyen.
Organovo, San Diego, CA.
One of the key challenges in the drug development process continues
to be the early identification of compounds with adverse and potentially
dose-limiting liver toxicity. Traditionally hepatotoxicity prediction has
relied on two-dimensional hepatocyte monolayers, sandwich culture
assays and non-human animal models. These systems are limited in their
ability to accurately reflect in vivo human biology and lack of the cellular
complexity required to model tissue-level outcomes of toxicity. In this
study, drug-induced liver injury (DILI) was assessed in 3D-bioprinted
human liver tissues comprised of primary hepatocytes, hepatic stellate
cells, and endothelial cells (ExVive Human Liver Tissues) treated with
known high and low DILI risk compounds. Tissue response to compounds was evaluated using a range of biochemical, cytokine secretion,

1247 Predicting Drug-Induced Liver Injury in Human
Using a Large Set of US FDA-Approved Drugs

H. Hong, M. Chen, S. Thakkar, K. McEuen, and W. Tong. US FDA/
NCTR, Jefferson, AR.
Drug-induced liver injury (DILI) presents a significant challenge to drug
development and regulatory application. Liver Toxicity Knowledge Base
(LTKB) aims to providing literature data and regulatory information
about DILI to support research and review of drug safety and facilitate
development of tools for predicting liver toxicity including DILI. Of the
US FDA-approved drugs collected in LTKB, >1000 have been recently
classified as “Most-DILI concern”, “Less-DILI concern”, and “No-DILI
concern” according to their potential to cause DILI, making LTKB the
largest publically available dataset with DILI classification. This well
classified dataset provides the scientific community a useful resource
for building DILI predictive models that use high-throughput or in silico
methodologies. Based on this dataset, we developed a set of quantitative structure-activity relationship (QSAR) models using our in-house
machine learning algorithm Decision Forest (DF) and Mold2 chemical
structural descriptors. The models were validated through 1000 iterations of 5-fold cross validations and external validations. Compared
with the published DILI prediction QSAR models in the literature, our
models showed not only better performance but also provided prediction confidences that give reliability assessment of predictions. One
feature stands out from our study is that multi-class QSAR DF model
was developed and showed reasonably prediction accuracy. We also
identified the chemical features that root DILI prediction capability. Our
results demonstrated the models have the potential to predict DILI risk
in humans for application in the early stage of drug discovery and development and for assisting drag safety evaluation in regulatory science.
Disclaimer: This presentation is not a formal dissemination of information
by US FDA and does not represent agency position or policy.

1248 A DILI Score Model for Predicting Severity of
Drug-Induced Liver Injury in Humans

M. Chen2, J. Borlak1, and W. Tong2. 1Center of Pharmacology and
Toxicology, Hannover, Germany; and 2US FDA/NCTR, Jefferson, AR.
Background & Aims: Drug-induced liver injury (DILI) is a major public
health concern and improving its prediction remains an unmet challenge. We recently reported a combination of lipophilicity (logP≥3) and
daily dose ≥ 100mg of oral medications (i.e., Rule-of-2 or RO2) to be
associated with significant risk for DILI; however, the rule failed to estimate grades of DILI severity. Methods: In an effort to develop a quantitative metrics, we analyzed the association of daily dose, logP, and formation of reactive metabolites (RM) in a large set of US FDA-approved
oral medications and found that factoring RM into RO2 highly improved
DILI prediction. Subsequently by considering N=354 drugs, an algorithm
to assign DILI score based on these three parameters was developed.
In uni- and multivariate logistic regression analysis the algorithm (i.e.,
DILI score model) defined the relative contribution of daily dose, logP,
and RM and permitted a quantitative assessment of risk of clinical DILI.
Results: A clear relationship between calculated DILI scores and DILI risk
annotated by three independent studies was obtained. The DILI score
model was also applied to drug pairs defined by similar chemical structure and mode of action but divergent toxicities. This revealed that for
drug pairs where the RO2 failed, the DILI score correctly defined toxic

drugs. Lastly, the model was applied to N=159 clinical cases collected
from NIH LiverTox database to demonstrate that the DILI score correlates with the severity of clinical outcome. Conclusions: Based on daily
dose, lipophilicity and RM a DILI score algorithm was developed that
provides a scale of assessing the severity of DILI risk in humans associated with oral medications.

1249 Comprehensive Overview of DILI Classification
in the Liver Toxicity Knowledgebase (LTKB)

S. Thakkar2, M. Chen2, H. Fang2, Z. Liu2, R. Roberts1, and W. Tong2.
1Apconix, Cheshire, United Kingdom; and 2US FDA/NCTR, Jefferson,
AR.
Around 13% of acute liver failure in patients is due to Drug-Induced
Liver Injury (DILI) (excluding acetaminophen-related injury). DILI also
contributes significantly to the termination of clinical trials and discontinuation of drugs from the market. We are developing Liver Toxicity
Knowledge-Base (LTKB) that aims to predict DILI as well as its underlying mechanisms. For this, a reference drug list is required that captures DILI risk in humans by using of drug-centric (FDA Label) as well as
patient-centric (Liver-Tox) information. We have identified DILI severity
concern for each drug based on US FDA drug label, LiverTox (NIH) database and other DILI causality information available from the literature.
Various DILI classifications were further compared to understand similarities and differences. Other DILI related information for ~1000 prescription drugs in LTKB was also incorporated such as physicochemical properties, dosage, side effects, and therapeutic uses. Based on the
DILI-related classification drugs with or without the potential to cause
DILI were identified. There were 749 drugs in LTKB flagged with a DILI
concern. DILI classification obtained from literature has different source
of information, and it demonstrated little (8.4%) overlap. US FDA drug
label and LiverTox (NIH)-based classifications provided wider coverage
and revealed on average an 80% concordance. Most of the DILI classifications highlighted Antineoplastic agents (34 drugs), Anti-bacterial
agents (13 drugs) and NSAIDS (8 drugs) as the therapeutic categories
with DILI. Antineoplastic agents (11 drugs) were responsible for most of
the deaths related to liver injury followed by antibacterial and NSAIDS
(3 drugs each). Classification of DILI within LTKB provides an excellent
source of information for potential biomarker development and predictive models to create safer drugs.
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1250 In Silico Assessment of Drug-Induced Liver Injury
in Humans

V. Gombar1, S. Thakkar3, J. Rathman1, A. Mostrag1, W. Tong3, and C.
Yang2. 1Altamira LLC, Columbus, OH; 2Molecular Networks GmbH,
Erlangen, Germany; and 3US FDA/NCTR, Jefferson, AR.
Drug-induced liver injury (DILI) is an adverse effect whose reliable assessment by current in vivo toxicological studies during drug discovery and
development remains challenging. We present here in silico models to
predict DILI risk based on 466 pharmaceuticals from diverse therapeutic
categories. The data sources included drug labels, the NIH LiverTox
database, and literature publications. The authors verified drug-DILI
causality and standardized clinical liver toxicity findings to group drugs
into four categories of most-, less-, no-, and ambiguous-DILI concern.
The DILI categories were correlated with physicochemical properties
and structural features, including both expert’s chemotypes and fragments generated by cheminformatics techniques. These chemotypes
and properties (e.g., HOMO-LUMO gap, water solubility, number of
hydrogen bond acceptors, TPSA, etc.) were then used to build in silico
models for prediction of DILI categories using two different methods:
partial logistic regression or decision forest. The two models were combined by decision theory to give a final, weight-of-evidence outcome.
The final model has been validated with an external test set to yield 84%
sensitivity and 76% specificity. We demonstrate how combining the two
different models with decision theory increases prediction accuracy and
domain of applicability.
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gene expression and histologic analyses. The high DILI risk compounds
tolcapone, benzbromarone, danazol and tamoxifen were evaluated
using a 28 day dosing regimen and compared to safer compounds entacapone, phentolamine, betahistine, nifedipine and chloramphenicol.
Tissues treated with the known toxicants exhibited evidence of toxicity in at least two assays. A comparison of the clinically related compounds tolcapone and entacapone at concentrations of 1x, 3x and 10x
Cmax revealed clear differences in their impact on the bioprinted tissues;
tolcapone resulted in a dose dependent decrease in tissue viability at
10x Cmax while entacapone resulted in no significant changes in viability. Significant reductions in albumin secretion were seen at 3x cMax
with tolcapone treatment, vs. 10x cMax with entacapone. Treatment
of the 3D liver tissues with 1x, 5x and 20x Cmax concentrations of benzbromarone for 28 days resulted in decreased tissue viability with the
highest concentration along with time and dose dependent decreases
in albumin production beginning at treatment day 7 with the 5x and
20x Cmax concentrations. Histologic assessment of these tissues revealed
significant loss of tissue and disruption of cellular cohesion at the 20x
Cmax dose. These results suggest 3D bioprinted liver tissues are well
suited to differentiate high risk from low risk DILI compounds and utilize
both biochemical and histologic endpoints to assess multiple mechanisms of DILI in vitro, providing a comprehensive means of examining
tissue injury.

1251 Development of Potency-Aware Liver

Knowledgebase Based on Ontology-Driven
Quantitative Database

A. Mostrag1, V. Vitcheva1, B. Bienfait2, O. Sacher2, A. Tarkhov2,
J. Rathman1,3,, and C. Yang1,2,3. 1Altamira LLC, Columbus, OH;
2Molecular Networks GmbH, Erlangen, Germany; and 3The Ohio
State University, Columbus, OH.
Hepatotoxicity is one of the most important target organ endpoints of
human health relevance. Our strategy for designing a reliable prediction
system for liver toxicity involves the leveraging mechanistic grouping
and chemoinformatics approaches. The foundation of the methodology
is to establish links between toxicological effects and chemical structures via ontology. The general process includes standardizing effects
with ontology for toxicity phenotypes/categories, ranking them for relevant severity, and establishing a set of rules for assigning a final score for
each substance in the training set. The oral toxicity data were obtained
from ToxRefDB, HESS (Hazard Evaluation Support System), NTP, COSMOS
oRepeatTOX DB, and US FDA marketed drugs. In this study we focused
on steatosis as the toxicity category, defined on the basis of various
adverse effects observed after repeated administration. Steatosis rules
were then developed from the training set, considering changes in histopathology (fat, lipid, vacuolization, etc.) or in combinations of clinical
chemistry (ALT, AST, cholesterol, etc.) and organ weight changes. The
liver knowledgebase has over 1500 chemicals with steatosis scores 0 to
5. Chemotype alerts for steatosis were developed by both designing of
expert-driven ToxPrint chemotypes and dynamic generation of datadriven fragments using several fragmentation algorithms. Positive and
negative predictivity values were calculated from the knowledgebase
and used to identify alerts. The potency of these chemotypes were then
determined by applying the NOEL values. Selected steatosis chemotype
alerts with potency categories as well as negative chemotype alerts
were then validated against an external test set. The combination of
mechanistic approach and chemoinformatics demonstrated the power
of a robust knowledgebase.

1252 Mining Drug Properties for Improved DrugInduced Liver Injury Predictions
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and M.
Little Rock and University of Arkansas for Medical Sciences, Little
Rock, AR; and 2US FDA/NCTR, Jefferson, AR.
Determining whether a drug candidate will cause severe idiosyncratic
liver injury is a challenge faced by drug regulators and developers alike.
Drug-induced livery injury (DILI) is typically encountered in late stages
of development or after market approval and because animal models
often do not indicate risk of DILI in humans, other methods such as in
silico modeling have been utilized in identifying potential DILI risk. The
Rule of Two, an in silico model relying only on daily dose and lipophilicity
has proved successful in identifying most DILI concern drugs with a high
positive predictive value of 85-96%. However, the Rule of Two suffers
from low sensitivity. In this study, we examined whether adding additional physiochemical properties to the Rule of Two would improve
DILI risk prediction. More than 2000 chemical descriptors were generated using PaDEL, MOLD2, and Schrodinger and filtered by selecting
those that best correlated with DILI risk in one of three different drug
dose groups (i.e. ≥ 100mg/day, < 100mg/day, or < 25mg/day) since the
Rule of Two does not work well within the latter two dose groups. Each
descriptor was evaluated using a logistic regression with lipophilicity
and daily dose as the base equation to determine whether the investigated descriptor provide added value. Using a dataset of 328 “vMost-”or
“vNo-concern” drugs from the DILI rank dataset, each logistic regression was evaluated based on odds ratios and AUC (area under curve).
Several chemical descriptors improved AUC when included in a logistic
regression with daily dose and lipophilicity, including calculations of
Geary autocorrelation weighted by van der Waals volumes (AUC: 0.841),
modified information content index (AUC: 0.831), number of atoms in
the largest pi system (AUC: 0.838), and 3D topological distance based
autocorrelation weighted by van der Waals volumes (AUC: 0.837). In our
dataset, logistic regression including only lipophilicity and daily dose
achieved an AUC of 0.780. These models were further validated by an
independent dataset from Pfizer including 12 drug candidates which
failed in clinical trials due to hepatotoxicity. Our study indicates that
incorporating additional drug properties to the model based on lipophilicity and dose may improve DILI risk prediction.

1253 Assessment of Mitochondrial Activity in

3D Human Liver Microtissues As a Tool for
Mechanistic Investigations of Adverse Drug
Effects

K. Rössger2, S. Messner2, S. Vikstrom1, A. Neilson1, and J. M. Kelm2.
1Agilent Technolgies, Santa Clara, CA; and 2InSphero AG, Schlieren,
Switzerland.
Mitochondrial dysfunction is a major mechanism of drug-induced liver
injury, which was shown to be induced through the parent drug or a
reactive metabolite generated through cytochrome P450 activity. Until
now, most existing cell-based models utilized 2D-cultured hepatocytes,
which exhibit only little metabolic competence and allow only for shortterm drug exposures. Here we investigated whether 3D human liver
microtissues would be a useful tool for assessment of mitochondrial
activity, since these tissues exhibit preserved metabolic functions, which
enables long-term toxicity-testing. We utilized the Agilent XF96 platform to assess the mitochondrial oxygen consumption rate (OCR). We
found that 3D human liver microtissues exhibited 4-fold increased spare
respiratory capacity in comparison to 2D culture. Moreover, a panel
of potential mitotoxic drugs (Amiodarone, Diclofenac, Troglitazone,
Perhexiline, Nefazodone, Tolcapone, Acetaminophen, Fialuridine) and
non-mitotoxic drugs (Bosentan, Entacapone, Ximelagatran, Buspirone)
was tested. The mitotoxic drugs (7 out of 8 drugs) showed a dose-depended decrease is spare respiratory capacity, before the cellular
viability was affected, whereas for non-mitotoxic drugs this was not
observed. This suggests that measurement of mitochondrial activity is
a valuable tool to detect and classify drugs with potential mitochondrial
liabilities and is therefore a powerful tool for mechanistic investigations
of adverse drug effects.

1254 Predicting DILI Using Multi-Donor Type Human
Liver Microtissues, Confocal High-Content
Screening (HCS) Data, and Normalisation
to Therapeutically Relevant Tissue-Specific
Concentrations

P. Walker, S. Ryder, C. Bauch, J. Eakins, S. Bevan, K. Evans, and C.
Dilworth. Cyprotex, Cheshire, United Kingdom. Sponsor: C. Strock.
Drug induced liver injury (DILI) is a leading cause of attrition during drug
development. Here, two separate human liver microtissue (hLiMT) types
are formed using different donor primary human hepatocytes with
either donor matched or unmatched non-parenchymal cells. Human
liver MTs displayed uniform size, shape, ATP content and longevity
beyond 21 days in culture. hLiMTs derived from different patient cohorts
show significantly different cytochrome P450 (CYP) activity. This study
aims to evaluate their ability to respond to known DILI compounds
using reduced glutathione (GSH) content, reactive oxygen species
(ROS) formation and mitochondrial dysfunction which are commonly
observed responses to DILI compounds. Following a 14 day repeat dose
exposure to a panel of in vivo DILI categorized compounds (20 positives,
9 negatives), fluorescent probes were incorporated into each model.
Multiplexed images were acquired using the confocal imaging followed
by cellular ATP measurement to determine cytotoxicity. The minimum
effect concentration (MEC) was selected for each compound and either
a plasma or liver tissue Cmax cut off applied. Interestingly, this normalisation method improves DILI prediction within therapeutically relevant
exposure levels. Overall, matched donor hLiMTs show differential DILI
prediction when compared to non-matched hLiMTs and tissue specific
Cmax normalisation improves the prediction of DILI compounds from
50% (Plasma Cmax) to 70% while negative DILI prediction is maintained
at 78%. This study shows how using a single donor organotypic 3D liver
model per well with automated multiplexed confocal HCS in combination with in silico tissue specific Cmax modelling can be used as part of an
early screening cascade for the improved in vitro to in vivo translation of
the potential for novel compounds to elicit DILI. However, given the significant variance in hepatocyte donor profiles and yet the cost effective
nature of 3D cell culture, early in vitro toxicity prediction can be further
improved with multi-donor MTs to assess patient cohorts.

Tumor Incidence in a Virtual Liver

X. Fu, Z. Wang, A. Hagar, and J. E. Klaunig. Indiana University,
Bloomington, IN.
Tens of thousands of chemicals are currently in use worldwide, hundreds more are introduced every year, and because current chemical
testing is expensive and time consuming, only a small fraction are or
have been evaluated fully for potential human health effects. Several
approaches including the Quantitative Structure Activity Relationship
(QSAR) model and other statistical inference methods have been developed to enhance risk assessment, but are still considered insufficient to
fully predict human risk. Consequently, the prevailing method for determining potential chronic exposure effects (including carcinogenicity)
of a chemical remains the 2-year chronic bioassay in rodents which
imposes high costs in animal lives and assay time. In an effort to increase
the predictability of chemical toxicity especially cancer, and to reduce
the number of animals used in toxicity testing, we have developed an
in silico computational model for predicting liver tumor incidence in
rodents based on early toxicological data. Using biological mechanisms
and principles, the simulation we have built connects variations in input
(dosage of a chemical agent) with variations in end-points (tumor incidence and time to first observed tumor) via a qualitative mechanistic
model that can be used to test hypothetical modes of action of potential nongenotoxic carcinogens involving receptor mediated, cytotoxic,
metabolic and inflammatory signals. Using phenobarbital, a nongenotoxic rodent hepatocarcinogen and classic activator of nuclear receptor
CAR (constitutive androstane receptor), as an initial model compound,
we show that a virtual tissue simulator which is capable of simulating
assemblies of virtual cells and their interactions and behaviors, can be
deployed to reduce the use of animal models in pathophysiology by
improving the accuracy of extrapolation from short term exposure data
to the 2-year bioassay. Calibrating the qualitative simulation with known
nongenotoxic rodent hepatocarcinogens, we were able to extrapolate
from the acute and subchronic exposure data and predict tumor incidence and time-to-first-tumor for said agents in the 2-year bioassay.

1256 Integrating Adverse Outcome Pathways into

Quantitative Structure-Activity Relationships
for Improved Prediction of Drug-Induced Liver
Injury
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Drug-induced liver injury (DILI) occurs with increasing incidence and
with less understood mechanisms. DILI is a complex disease with multiple clinical manifestations. It was observed that different drugs could
undergo different mechanisms but result in the same DILI type and that
a single drug could also cause different DILI types via different mechanisms. Therefore, predicting a drug’s potential for DILI should take its
underlying mechanisms into consideration. To achieve that, we constructed a novel approach by incorporating Adverse Outcome Pathways
(AOPs) into quantitative structure-activity relationships (QSARs) modeling. This AOPs-DILI predictive modeling was examined using a dataset
of 333 drugs. In AOPs-DILI, the drugs were first grouped according
to their AOP profiles (positive or negative in each AOP) based on the
Tox21 qHTS assays. QSAR models for individual AOP assays were developed and subsequently combined to obtain the AOPs-DILI model. A
hold-out testing strategy (222 drugs for training and 111 drugs as a test
set) was employed, which yielded the predictive accuracy of 0.711. For
comparison, the AOPs-DILI model was compared with the standard
QSAR approach using the same hold-out strategy, and the QSAR model
yielded an accuracy of 0.663. To minimize the random chance in splitting
training/test sets, the hold-out testing process was repeated 1000 times,
and the observed difference in prediction accuracy between AOPs-DILI
and QSARs was statistically significant. Out of 17 AOPs used, 4 assays
(i.e., antioxidant response elements, PPAR-gamma, estrogen receptor
and thyroid receptor assays) contributed most to the improved prediction of the AOPs-DILI model over QSARs. In conclusion, the AOPs-DILI
model has the potential to significantly improve predictive outcomes
and to reveal complex relationships between AOPs and DILI, all of which
would be helpful in drug screening for DILI detection in the early stage
of drug development.

1257 Computationally Predicted Adverse Outcome
Pathway Networks for Liver-Related Diseases
Using Publicly Available Data Sources: Case
Studies and Lessons Learned

N. Oki2,4,, S. Bell1, M. Angrish4, C. Grant2,4,, R.-L. Wang3, and S.
Edwards4. 1ILS/Contractor Supporting NICEATM, Research Triangle
Park, NC; 2Oak Ridge Institute for Science Education, Oak Ridge,
TN; 3US EPA, Cincinnati, OH; and 4US EPA, Research Triangle Park,
NC.
The Adverse Outcome Pathway (AOP) framework summarizes key
information about mechanistic events leading to an adverse health or
ecological outcome. In recent years computationally predicted AOPs
(cpAOP) making use of publicly available data have been proposed as
a means of accelerating the AOP development process. Previously, we
developed a method for building cpAOP networks using market basket
analysis. Here we merged networks derived from distinct input datasets to create a more comprehensive global network and automated
the extraction of subnetworks focusing on liver-related outcomes and
diseases. We generated and extracted cpAOP subnetworks for 46 liver
diseases as classified in the Comparative Toxicogenomics Database
(CTD). Network similarity was assessed by comparing nodes and edges
between network pairs. Using the cpAOP networks for 3 fatty liver
related diseases from CTD, we compared our results with an expert
derived AOP network (Angrish et al, 2016). The findings showed good
concordance between our network and the expert derived AOP. Our
case studies also showed that communities (phenotypes and pathway
clusters) obtained when focusing on one subgroup of liver disease may
be intermediary stages for other later stage outcomes, illustrating the
progression that occurs in nature. Similarity comparisons between the
disease networks showed that closely related diseases, e.g. alcoholic
vs non-alcoholic fatty liver disease, had relatively low dissimilarity (S)
scores 0 < S < 0.3 (where maximum dissimilarity is 1). However these
results also revealed potential bias due to differences in sample size
and specificity of phenotypic measurements. These biases should be
reduced by the incorporation of additional data, which is easily accomplished via our workflow. Our findings demonstrate that methods and
procedures presented here are able to build networks across different
levels of biological organization and construct communities that are
more meaningful for key event identification and AOP development.
(The views expressed in this abstract are those of the authors and do not
necessarily reflect the views or policies of the US EPA)

1258 Quantitative Systems Toxicology Analysis of In

Vitro Mechanistic Assays Reveals Importance of
Bile Acid Accumulation in TAK-875-Induced Liver
Injury

J. L. Woodhead2, D. M. Longo2, P. Walker1, J. Zolnerciks3, K.
Mogyorosi3, F. Wolenski4, Y. Dragan4, S. Q. Siler2, P. B. Watkins2,
and B. A. Howell2. 1Cyprotex, Inc., Alderley Edge, United Kingdom;
2DILIsym Services, Inc., Research Triangle Park, NC; 3Solvo, Inc.,
Szeged, Hungary; and 4Takeda Pharmaceuticals International Co.,
Cambridge, MA.
TAK-875 (fasiglifam), a GPR40 agonist in development for treatment of
type 2 diabetes, was voluntarily terminated in phase 3 due to adverse
liver effects. Alanine aminotransferase (ALT) elevations were observed
in approximately 2% of TAK-875 treated subjects. The potential mechanisms of TAK-875 toxicity were explored using in vitro experiments and
quantitative systems toxicology (QST) analysis using DILIsym®, a mathematical model of drug-induced liver injury. In vitro assays revealed that
human Bile Salt Export Protein (BSEP) was inhibited by both TAK-875
(IC50 = 14.3 μM) and TAK-875-Glu (IC50 = 41.6 μM). Furthermore, in vitro
assays demonstrated that both TAK-875 and TAK-875-Glu inhibit the
mitochondrial electron transport chain (ETC). These mechanistic data
were combined with a physiologically-based pharmacokinetic (PBPK)
model constructed within DILIsym used to estimate liver exposure of
TAK-875 and TAK-875-Glu. When the BSEP inhibition was assumed to
be noncompetitive, 64 out of 285 (22.4%) individuals in a simulated
population (SimPops) constructed to reflect Type 2 diabetes patients
developed ALT elevations, compared to 24/285 (8.4%) simulated individuals with ALT elevations without any drug. This represents a significant overprediction of the actual toxicity. However, when the BSEP
mode of inhibition was assumed to be mixed with an alpha of 5, only
25/285 (8.7%) simulated individuals developed ALT elevations. With this
assumption, the increase in predicted ALT elevation frequency of 0.3%
underpredicts the observed toxicity. This suggests that the assumption made regarding the mode of BSEP inhibition is important in predicting TAK-875 hepatotoxicity. In addition, when ETC inhibition was
removed as a potential mechanism, the hepatotoxicity prediction was
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not changed, further suggesting that BSEP inhibition is the main mechanism responsible for TAK-875 hepatotoxicity in this model. These results
demonstrate how combining in vitro experimental methods with QST
methods can lead to a greater mechanistic understanding of drug-induced toxicity than either method can provide alone.

1259 Species Differences in Induction of Replicative
DNA Synthesis (RDS) by Piperonyl Butoxide
(PBO) in Cultured Mouse and Human
Hepatocytes

B. M. Elcombe1, C. R. Elcombe1, A. Vardy1, A. Cockburn2, T. G.
Osimitz3, and B. G. Lake1. 1CXR Biosciences, Dundee, United
Kingdom; 2Endura SpA, Bologna, Italy; and 3Science Strategies LLC,
Charlottesville, VA.
Chronic administration of the nongenotoxic agent PBO results in liver
tumor formation in CD-1 mice. Mode of action (MOA) studies have
demonstrated that PBO, like sodium phenobarbital (NaPB), is a constitutive androstane receptor (CAR) activator in mouse liver. The aim of this
study was to examine the effects of PBO on RDS and certain cytochrome
P450 enzyme mRNA levels in isolated male CD-1 mouse and male and
female human hepatocytes in culture. Cells were treated with 5-500 µM
PBO, 10-1000 µM NaPB or 25 ng/ml epidermal growth factor (EGF) for 4
days. PBO and NaPB produced some increases in Cyp2b10 and Cyp3a11
mRNA levels in mouse hepatocytes and in CYP2B6 and CYP3A4 mRNA
levels in human hepatocytes. RDS was determined by addition of 5-bromo-2’-deoxyuridine to the culture medium and subsequent determination of the hepatocyte labelling index. While NaPB and PBO produced
significant increases in RDS in mouse hepatocytes (maximum 2.0 and
5.9 fold, respectively), no increases in RDS were observed in human
hepatocytes. In contrast, as a positive control to confirm the functional
viability of the hepatocyte preparations to a hepatocyte mitogen, treatment with EGF produced significant 6.3, 14.7 and 35.1 fold increases in
RDS in mouse and in male and female human hepatocytes, respectively.
Like NaPB and other rodent CAR activators, this study demonstrates that
PBO does not induce RDS in human hepatocytes. As human hepatocytes
are refractory to the mitogenic effects of PBO, the MOA for PBO-induced
mouse liver tumor formation is thus not relevant for humans. (Supported
by PBO Task Force II)
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ematically optimized primary rat spheroids display improved in-vivo like
characteristics including sustained urea production, bile canaliculi formation, cellular polarisation, 3D cellular morphology and formation of
secondary structures throughout the spheroid, suggesting an improved
platform for toxicological liver testing.

1261 Predicting Drugs’ Likelihood of Forming

Reactive Metabolites through Robust Structural
Alerts

J. Zhu, K. McEuen, and M. Chen. US FDA/NCTR, Jefferson, AR.
Background: Reactive metabolites (RMs) play a critical role in the pathogenesis of idiosyncratic adverse drug reactions (IADRs). Early prediction
of a drug candidate’s potential to form RMs is of the utmost importance
for reducing the risk of IADRs. Due to the short life span of RMs, identifying and quantifying RMs through experiments is still difficult and
costly. Consequently, the use of structural alerts to avoid candidate
compound with RM formation feature is an attractive option and has
been widely adopted at the stage of drug discovery. However, a recent
study reported that over 50% of marketed drugs possess one or more
alerts, suggesting a high false positive rate was associated with the conventional structure alert approaches. In this study we applied a systemic
approach aiming to build a repository of robust structural alerts for RM
prediction. Method: We first collected over 50 structural alerts reported
in literature. Then a dataset containing RM formation experimental data
from approximately 300 drugs was used to assess these alerts and assign
rank scores using an in-house algorithm, and only those presenting high
score were kept. In addition, a knowledge-based system was established
to predict the possibility of forming RMs when alerts exhibit different
modifications. Results: Sixteen structural alerts with robust predictability
were identified. The repository of structure alerts successfully identified
over 50% of the drugs in our validation dataset that have evidence of
forming reactive metabolites. Conclusions: This structure alerts repository has the potential to be used for predicting RM formation.

1262 In Vitro Evaluation of Hepatotoxicity Potential

and Intracellular Accumulation of Schisandra
spp. Constituents in Human Sandwich-Cultured
Hepatocytes
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K. VanderMolen2, J. Jackson1, K. Freeman1, W. Friley1, C. Black1, K.
Brouwer1, and A. L. Roe2. 1Qualyst Transporter Solutions, Durham,
NC; and 2The Procter & Gamble Company, Cincinnati, OH.

J. A. Kyffin1, P. Sharma3, J. Leedale3, R. Currie2, P. Mistry2, and S.
Webb1. 1Liverpool John Moores University, Liverpool, United
Kingdom; 2Syngenta Ltd., Bracknell, United Kingdom; and
3University of Liverpool, Liverpool, United Kingdom. Sponsor: D.
Wolf.

Members of the Schisandraceae family of plants have been attributed a
wide range of pharmacological activities. Like all herbal preparations,
Schisandra spp. exist as complex mixtures with multiple constituents
capable of interacting with cellular receptors, metabolic enzymes and
transporters. More than 50 lignans (e.g., schizandrins, schizandrols,
gomisins), have been isolated from Schisandra spp., and authenticated
by modern analytical techniques. Despite the long history of use of
Schisandra spp. in certain cultures, there is a lack of non-clinical toxicology studies in the literature. We were able to locate a single 90-day
oral rat toxicology study for S. chinensis in the scientific literature. Based
on results from this study which included changes in liver enzymes,
increased liver weight and changes in endogenous compounds regulated by the liver (cholesterol, albumin) we wanted to further investigate
potential hepatotoxicity in a human liver model. We assessed the hepatotoxicity potential of S. chinensis and related species; S. sphenanthera,
utilizing sandwich-cultured Transporter Certified rat (SCRH) and human
hepatocytes (SCHH). This model is a fully integrated hepatic cell system
which maintains drug clearance pathways and key regulatory pathways; and thus generates physiologically-relevant intracellular concentrations of xenobiotics. In vitro hepatocyte toxicity endpoints assessed
included viability, cytotoxicity, and apoptosis potential (ATP depletion).
S. chinensis exposure to hepatocytes resulted in slightly more toxicity in
SCRH versus SCHH at the highest dose tested (300 μg/mL). In contrast,
S. sphenanthera was significantly more toxic to rat hepatocytes (>65%
depletion of ATP) than human hepatocytes (11.7% depletion of ATP).
Intracellular accumulation and concentration of four key Schisandra spp.
constituents Schisandrin A, Schisantherin A, Schizandrin, and Gomisin
A were also monitored. In general, the intracellular constituent profiles
were qualitatively similar between the two species; but differed quantitatively, with significantly higher intracellular concentrations observed
in rat hepatoyctes. The differences in concentration profiles in constituents may relate to differences in observed toxicity.

Spheroids via Computational Modelling As a
Platform for Toxicological Investigations

In vitro liver cell models are used to assess hepatotoxicity of chemicals. However, they suffer from major limitations arising from a lack of
preservation of physiological and xenobiotic-metabolism competence.
Current 2D in vitro model systems developed to assess hepatotoxic compounds have a number of down falls and therefore there is an emphasis
on producing more relevant and representative 3D models in order to
bridge the complexity gap between 2D systems and in vivo. 3D spheroid
cultures of hepatocytes in vitro have recently emerged as an improved
platform to recapitulate the in vivo liver microarchitecture and to maintain long-term hepatic functionality as compared with conventional
2D cultures. We have constructed a 3D hepatic spheroid model using
the liquid-overlay technique in a multiwell format with freshly isolated
primary rat hepatocytes. Hepatocytes were isolated from male Wistar
rats using a method based on the 2-step collagenase perfusion method.
This method allows the formation of reproducible spheroids and provides a high-throughput platform for downstream analysis. Contrary to
cell line models where cells proliferate rapidly leading to the formation
of a necrotic central core, primary rat hepatocytes do not propagate and
thus, the overall size of the spheroids remained relatively constant over
a 31 day period. In the present study, mathematical modelling was used
to define and optimise the 3D hepatic spheroid system to recapitulate
in vivo liver oxygen gradients. The resultant spheroid model exhibits
13% O2 at the boundary and 4% O2 in the centre replicating the O2 diffusion gradient along the liver sinusoid. We have also used methods
from porous media multiphase mathematical modelling to predict compound penetration patterns within the spheroid as well as quantifying
biomarker release for toxicity testing. We demonstrate that these math-

Hepatotoxicity for Short- and Long-Term
Exposure Studies Using iCell Hepatocytes 2.0

M. Hancock, T. K. Feaster, C. Carlson, N. Aoyama, D. A. Mann, and B.
D. Anson. Cellular Dynamics International, Madison, WI. Sponsor:
C. Strock.
Hepatotoxicity is a leading cause of drug withdrawal from the market,
and current preclinical models are not sufficiently predictive of drug
effects in humans. Causes of hepatotoxicity include intrinsic toxic effects
and the enzymatic production of toxic metabolites. Development of
more predictive in vitro model systems to identify hepatotoxicity early
in drug development is critical for decision making and to avoid Drug
Induced Liver Injury in the clinic. Moreover, batch to batch and donor
inconsistencies in primary human hepatocytes, as well as lack of maintained metabolic function have resulted in conflicting reports and
poor predicticity. Human induced pluripotent stem cell (iPSC)-derived
hepatocytes (iCell® Hepatocytes 2.0) that exhibit high purity and sustained biologically relevant functions help to address some of the needs
of hepatotoxicity assessment. Here, we set out to demonstrate the functional utility of iCell Hepatocytes 2.0 (HC 2.0) to assess acute and chronic
drug-induced hepatotoxicity. We evaluated HC 2.0 responses to a set
of known hepatotoxins (i.e. amiodarone, acetaminophen, troglitazone,
nefazadone, chlorpromazine, and FCCP) across a number of cell death
readouts highlighting their capacity for mechanistic toxicity studies. In
addition, the prolonged viability also enables chronic dosing in vitro
affording the potential to detect the effects of slow to form metabolites
and also perform analyses at physiologically relevant concentrations
over protracted exposure periods. The short term high concentration
sensitivities observed were comparable to those seen with primary
human hepatocytes. However, effects seen over 48 hr and 7 day dosing
are illustrative of the potential of HC 2.0 for predictive in vivo/in vitro
toxicity correlation. With the ability to routinely access patient specific
genotypes and also culture in 3D spheroids and in co-culture with other
hepatic stellate cells HC 2.0 provide a biologically relevant human model
system for investigating hepatotoxicity in preclinical drug development.
These data illustrate how human-based iCell products offer an excellent model system for assessing compound effects in human-derived
hepatocytes. In total, iPSC technology enables a reliable and predictive
model systems not previously attainable, and provides new solutions,
tools, and opportunities for more predictive toxicity testing.

1264 Persistent Changes of Valproic Acid at the Level
of Transcriptome and Proteome in Primary
Human Hepatocytes
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Valproic acid (VPA) is one of the most widely prescribed anti-epileptic
drugs in the world. Despite its pharmacological importance, it may
cause liver toxicity and steatosis through mitochondrial dysfunction.
The aim of this study is to investigate persistent VPA-induced changes
at the transcriptome and proteome level that lead to mitochondrial
dysfunction. Therefore, primary human hepatocytes (PHH) were treated
with 15 mM VPA for 1, 2, and 3 days. To investigate the persistence of
induced changes upon terminating the VPA exposure after 3 days, a
subset of PHH was subjected to a washout period (WO-period) of 3 days.
Multiple -omics analyses, comprising whole genome analysis of gene
expression and protein expression, were performed. The VPA-treatment
resulted after 1, 2 and 3 days, respectively in 7806 (4060 Up, 3746 Down),
8283 (4632 Up, 3651 Down) and 7818 (4391 Up, 3427 Down) differentially expressed genes (DEGs), and in 218 (148 Up, 70 Down), 370 (236
Up, 134 Down) and 645 (334 Up, 311 Down) differentially expressed proteins (DE-proteins). Steatosis-related pathways appeared to be induced
during day 1, 2, and 3 of VPA-treatment. Interestingly, 206 (68 Up, 138
Down) persistent DEGs and 80 (40 Up, 40 Down) persistent DE-proteins,
were found after the WO-period. The persistent DEGs and DE-proteins
both were related to steatosis-related pathways and VPA metabolism/
pharmacokinetics pathways. More interestingly, the pyruvate metabolism in the citric acid cycle and the fatty acid metabolism in the
beta-oxidation of the mitochondria were affected by the persistently
downregulated DEGs and DE-proteins. This may lead to mitochondrial
dysfunction, which was confirmed by a persistent decrease of the ATPlevels in primary human hepatocytes after the WO-period. Overall, this
multiple -omics approach showed VPA-induced changes, at the transcriptome and proteome level, that lead to mitochondrial dysfunction
and those changes were still present after terminating VPA treatment.

1265 HTS/HTC Assays Based on Fresh Rat Hepatocyte
Culture: A Quick and Low Cost Model with High
Predictive Validity

V. Verbiest, L. Balaguer, and F. Simon. Fluofarma, Pessac, France.
Sponsor: G. Froget.
Hepatotoxicity is a major issue for pharmaceutical companies since it is
a frequent cause of attrition of drug candidates, or for the withdrawal
of an already marketed medicine. One of the major reasons for the high
number of failures due to hepatotoxicity is because of the lack of accurate and predictive models of hepatotoxicity in the early stages of drug
development. There is therefore an urgent need for in vitro screening
models that are robust and amenable to high throughput for predicting
in vivo hepatotoxicity. Fluofarma developed a fresh, fully functional and
characterized primary rat hepatocytes model with an in-house standardized production on demand. By using high content imaging and
flow cytometry platforms, we set up an array of specific and representative read-outs that allow for the analysis of the effects of compounds
on cell viability (cytolysis, mitochondrial membrane depolarization), cellular metabolism (ROS production, polar and neutral lipid content (TG),
Glutathione depletion) and the redox state, combined with the level of
cell differentiation (NADH/FAD content). These different read-outs were
tested on several known hepatotoxic compounds and demonstrate that
the use of fresh rat hepatocytes based assays, in combination with the
single cell level of analysis, represents a quality predictive model with a
high level of sensitivity and specificity. Assessed individually, the readouts allow for the exploration of specific mechanisms of action of hepatotoxic compounds, and when in combination, these read-outs can lead
to understanding the hepatotoxic profile of compounds. In parallel, a
live content imaging assay was developed on fresh rat hepatocytes cultured in sandwich configuration. In this configuration, hepatocytes are
polarized and express bile canaliculi. Cell viability can be followed kinetically throughout the treatment and the bile canaliculi state can be measured on live cells as an endpoint. By multiplexing the time and dose
dependent analysis of the cell viability with the measure of the canaliculi
export activity, this assay provides highly informative hepatotoxic data
related to the level of viability and differentiation of hepatocytes. In conclusion, the high content and high throughput assays developed on the
fresh rat hepatocytes at Fluofarma provide an ideal quick turnaround
and inexpensive model with a high level predictivity.

1266 Biomimesys®Hepatocyte, a 3D Cell Culture Model
for Maintaining and Promoting Hepatocytes
Functions for Metabolism and Toxicity Studies

C. Petrel1, P. Pannetier1, z. Souguir1, J.-P. Vannier4, D. Le Cerf2, S.
Gerbal-Chaloin3, G. Vidal1, and E. Demange1. 1CELENYS, Rouen,
France; 2CNRS/Rouen University, Rouen, France; 3Inserm,
Montpellier, France; and 4MERCI laboratory, Rouen, France.
Sponsor: A. Decheix.
Hepatocytes microenvironment has an important role in the maintenance of differentiation, polarization and cell functions. This liver
extracellular microenvironment contains especially collagen I, collagen
IV and fibronectin. With the aim to come as close as possible to this
bioactive microenvironment Celenys developed a biomimetic matrix
dedicated to the culture of hepatocytes: Biomimesys®Hepatocyte.
HepG2 and cryopreserved human hepatocytes have been cultured in
Biomimesys®Hepatocyte to assess the cells ‘morphology, viability and
functionalities. HepG2 form spheroids with an average diameter of 80
to 100 µm after one month of cultivation, they display Biliary Canaliculi
Formation attested by the protein MRP2 expression, its colocalization
with actin and CFDA fluorescence confirm the presence of active biliary
canaliculi in HepG2 during 3 weeks. The amount of albumin secretion,
often used as a marker of hepaotcytes functionality, is 20 to 30 times
higher in HepG2 grown in BIOMIMESYS®Hepatocyte compared to 2D
tissue culture plate. The increase in healthy culture time of HepG2 grown
in BIOMIMESYS®Hepatocyte also allow acute and repeated dose drug
exposure. Cryopreserved human hepatocytes (cHH) form small aggregates, 40 to 80 µm, which have a very good viability for 2 to 3 weeks.
cHH have been monitored for key genes expression levels by qPCR analyses and CYP activities by LC-MS/MS: Expression of phase I and II genes
and transporters, basal and induced CYP1A1/A2, CYP2B6 and CYP3A4
activities, are higher when cells are grown in BIOMIMESYS®Hepatocyte
compared to collagen I sandwich. Chlorpromazine and amiodarone
IC50 determination also confirmed that cryopreserved human
hepatocytes grown in this scaffold represent a model for routine drug
testing in 96-well format. Compatible with all analytical technologies
BIOMIMESYS®Hepatocyte is the only scaffold aiming at mimicking the
liver tissue microenvironment. It enables the culture of hepatocytes
under physiological conditions, makes 3D hepatocytes culture easy and
provides a robust in vitro and reliable model for metabolism & toxicological studies.
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1267 Primary Human Hepatocyte 3D Spheroids for

Hepatotoxicity Studies: Lot-to-Lot Comparison
and Qualifications

F. Li, R. Zuo, S. Parikh, and N. Li. Corning Life Sciences, Bedford, MA.
Sponsor: C. Crespi.
Recent advances in 3D cell culture technology have brought more
tissue or organ-like systems into in vitro drug discovery and development studies. Primary human hepatocytes have been broadly used in
conventional 2D cultures for drug metabolism and toxicity research.
However, the transition from 2D monolayer to 3D spheroid culture is
not straightforward and requires additional qualifications and characterizations. In the present report, using Corning® Ultra-Low Attachment
spheroid plates (96-well or 384-well format), we compared more than
20 lots of Gentest platable cryopreserved primary human hepatocytes
for 3D spheroid culture. The ability to grow into spheroids as well as
the time required for spheroid formation varies significantly among different lots of primary hepatocytes. Our results indicate that serum is
a key facilitating factor for primary hepatocytes to form spheroids at
the seeding stage. In comparison to William E medium supplemented
with ITS, Corning hepatocytes culture medium appeared to increase
the size and ATP levels of spheroids. Once formed, spheroids derived
from primary hepatocytes sustained long term (up to 4 weeks) cultures
while maintaining phase I and II drug metabolic enzyme activities (e.g.
CYP3A4, 1A2 and UGTs). To evaluate the lot-to-lot variations of primary
human hepatocyte under 3D spheroid culture conditions, cytotoxicity
assays were performed using pre-selected primary hepatocyte lots
with a group of known liver toxins such as aflatoxin B1, acetaminophen and diclofenac at different time points during spheroid culture.
Bioluminescent ATP assays were performed for viability endpoint measurement. In addition, pre-selected primary hepatocytes were pooled
together prior to spheroid culture, and the resulting spheroids of pooled
hepatocytes were subjected to the same treatment with liver toxins. Our
results from these characterizations and assays can provide a practical
outline and consideration points for utilizing primary human hepatocytes for 3D spheroid cultures as a more physiological relevant tool for
studying liver toxicity.

1269 In Vitro Evaluation of Inflammasome Activation
Using THP-1 and FLC-4 Cells

R. Kato2,1,, and J. Uetrecht2. 1Osaka University of Pharmaceutical
Sciences, Osaka, Japan; and 2University of Toronto, Toronto, ON,
Canada.
There is increasing evidence that most IDILI is immune mediated.
Reactive metabolites can cause cell damage with the release of damage-associated molecular patterns (DAMPs), which in turn, can activate
inflammasomes, which are predominantly in macrophages. In this study,
inflammasome activation by reactive metabolite was evaluated using a
3D culture of human hepatocarcinoma functional liver cell-4 (FLC-4) and
differentiated human THP-1 macrophages. The following drugs were
used in this study: entacapone, pioglitazone, tolcapone, and troglitazone. Caspase-1 activity and IL-1β production by THP-1 cells were measured. The culture medium from FLC-4 cells that had been incubated
with drugs for 7 days was added to the differentiated THP-1 cells and
incubated for 24 hr. IL-1β concentration in the culture medium was
measured using an ELISA kit. Caspase-1 activity was also measured using
the Caspase-Glo® 1 Inflammasome Assay. IL-1β production by differentiated THP-1 cells was significantly increased by the hepatocyte supernatant after incubation with entacapone, tolcapone, and troglitazone.
The production of IL-1β by entacapone was somewhat less than that of
tolcapone, and the supernatant from the pioglitazone incubation did
not lead to an increased production of IL-1β. The pattern of caspase-1
activity was similar to that of IL-1β. The hepatocyte supernatant from
incubation with tolcapone and entacapone activated inflammasomes in
differentiated THP-1 cells. However, the IL-1β production and caspase-1
activity was greater with the supernatant from the tolcapone incubation
than that of entacapone incubation at equal concentrations of drug and
the therapeutic concentration is higher for tolcapone. This might be the
reason why the risk of hepatotoxicity is less with entacapone. Although
hepatocyte supernatant of troglitazone activated differentiated THP-1
cells and inflammasome reaction was observed, that of pioglitazone
didn’t activate differentiated THP-1 cells. In conclusion, inflammasome
activation by DAMPs released by hepatocytes can be evaluated using
a 3D culture of FLC-4 cells and differentiated THP-1 cells. Our in vitro
model was very simple and convenient for evaluating inflammasome
activation and this may be a method to screen drugs for there IDILI risk.

1268 Use of upcyte® Hepatocytes As a Steatosis Model
64

on a Multi-Organ Chip

SOT 2017 Annual Meeting

S. Bauer1, C. Magauer2, A. Noerenberg3, T. Johannssen3, N. Runge3,
I. Maschmeyer2, A. Lorenz2, R. Lauster1, and U. Marx2. 1Technical
University Berlin, Berlin, Germany; 2TissUse GmbH, Berlin,
Germany; and 3Upcyte Technologies GmbH, Hamburg, Germany.
Sponsor: P. Hewitt.
Multi-organ-chips are platforms capable of systemically combining
human organ equivalents for the study of organ cross-talk as well as
chemical toxicity and drug efficacy. For liver equivalent production
primary human hepatocytes (pHH) would be the ideal cell source.
However, the supply of pHH is limited by the low and sporadic availability of human liver tissue. To address this, we have developed a
technique which causes pHH to proliferate up to 40 population doublings while still retaining a metabolically competent phenotype when
cultured at confluence (“upcyte® hepatocytes”). Hepatic steatosis is a
reversible condition wherein large vacuoles of triglyceride fat accumulate in liver cells. It is commonly associated with the metabolic syndrome, but can also be due to chemical or drug toxicity (e.g. valproic acid
or tamoxifen). Here, we cultured upcyte hepatocytes in a monolayer for
7 days and treated them with 0.6 mM palmitate, a free fatty acid know
to influence lipid metabolism. Lipid accumulation was observed by Nile
Red staining. After 7 days, fat vesicles were clearly visible throughout
the culture, but could be depleted by additional culture of 7 days w/o
palmitate. For culture in the multi-organ-chip, steatotic hepatocytes
were combined with primary human stellate cells in low attachment
plates to form three-dimensional liver aggregates. We cultured 40 liver
aggregates for 7 days in the culture compartment of a 2-organ-chip.
Insulin resistance was analyzed by glucose consumption profiles that
are comparable to the ones obtained in in vivo glucose tolerance tests.
In conclusion, upcyte hepatocytes are a suitable cell source to study
the development and progression of hepatic steatosis. The utilization
of three-dimensional steatotic liver aggregates cultured in a multi-organ-chip enables the study of glucose homeostasis in a physiologically
relevant scale as well as the possibility to study cross talk with organs
involved in the progression of NAFLD.

1270 Mechanisms Involved in Flucloxacillin-Induced
Intrahepatic Cholestasis Using Human Heparg
and Primary Hepatocytes

A. Burban, A. Sharanek, R. Hüe, C. Guguen-Guillouzo, and A.
Guillouzo. INSERM U991 Rennes 1 University, Rennes, France.
Sponsor: M. Pallardy.
Many drugs of diverse chemical structures and therapeutical properties
can cause intrahepatic cholestasis characterized by intracellular accumulation of bile acids but involved mechanisms and accurate prediction of risk remain challenging. Recently, we showed that alterations
of bile canaliculi (BC) dynamics and Rho-Myosin light chain kinases signalling pathway represented crucial events in drug-induced cholestasis
(1). In the current work, we have investigated the main signaling pathways involved in flucloxacillin (FLX)-induced cholestasis, using human
HepaRG and primary hepatocytes. FLX is a beta-lactam antibiotic, commonly used in Europe, that causes cholestatic liver injury in 8/100,000
treated patients. Early dose-dependent BC dilatation was observed after
FLX treatment together with reduction of efflux activity using ursodeoxycholic acid and dichlorofluorescein fluorescent substrates and
3H-taurocholate clearance. By contrast, two non-cholestatic antibiotics,
amoxicillin and ampicillin of the same family of FLX, showed no alteration of BC and bile flow. Importantly, alterations induced by FLX were
associated with inhibition of Rho-kinase activity and dephosphorylation
of the myosin phosphatase target subunit 1 within the first 2h. In parallel, the P38-MAPK signaling pathway was found to be early activated.
Likewise, FLX induced AKT phosphorylation. Moreover, co-treatment
with SB203580, a P38 inhibitor, partially prevented Rho-kinase inhibition, BC dilatation and efflux reduction. As well, co-treatment with either
wortmannin or LY294002, two inhibitors of the PI3K-AKT pathway, prevented FLX-induced AKT phosphorylation and counteracted cholestatic
effects of FLX. In conclusion, our results demonstrate that as observed
with other cholestatic drugs (1), FLX impaired BC dynamics through
inhibition of the Rho-kinase/myosin signaling pathway. These effects
involved alterations of the P38 and PI3K-AKT signaling pathway, further
supporting the importance of these deregulations as predicting biomarkers of drug-induced cholestasis. (1) Sharanek, Burban et al., Sci. Rep.
2016, 6, 24709. (Financial support: European Community, contract MIPDILI-115336)

Proliferation and CAR/PXR-Mediated Gene
Expression in Primary Cultures of Mouse and
Human Hepatocytes Exposed to Phenobarbital

S. N. Kellum, L. K. Markell, and K. P. Glover. DuPont Haskell Global
Centers for Health & Environmental Sciences, Newark, DE.
Phenobarbital (PB) is known to induce tumors by a CAR/PXR mechanism in rodents, although an absence of tumors in humans exposed
to phenobarbital demonstrates that this mode of action is not relevant
to humans. To evaluate key events relevant to hepatocarcinogenesis
in vitro, the induction of proliferation (DNA synthesis), expression of
CAR/PXR responsive genes (CYP2B/CYP3A), and cytotoxicity via differences in ATP levels were measured in primary human and CD-1 mouse
hepatocytes following a 96-hour exposure to PB (100, 500 and 1000
µM). Growth factor controls for mouse (epidermal growth factor-EGF, 50
ng/mL) and human (hepatic growth factor-HGF, 100 ng/mL) were used
as positive controls for the induction of DNA synthesis. Cell seeding
density and steroid supplementation in the media were optimized for
each assay, thus, proliferation and gene expression were measured
separately. In the proliferation assay, DNA synthesis was measured by
incorporation of Alexa Fluor® 488 labeled 5-bromo-2’-deoxyuridine
(BrdU) into the hepatocytes during the final 24 hours of culture for
analysis by fluorescence microscopy. EGF was also added to media (0.5
ng/mL) for proliferation assays to normalize background detection of
DNA replication. In the gene expression assay, CYP2b10/CYP2B6 and
CYP3a11/CYP3A4 were analyzed for mouse and human hepatocytes,
respectively, with β-actin expression as the housekeeping control gene.
Phenobarbital induced a statistically significant proliferation response
accompanied by a dose responsive trend in mouse hepatocytes that
was not observed in three of four human donors, while the growth
factor controls induced a proliferation response across species and
experiments. As expected, PB induced expression of CYP2B and CYP3A
in both species. However, the CYP3A response was greater than that of
CYP2B in both mouse lots tested (72.7 and 85.8-fold increase verses 3.5
and 2.7-fold increase, respectively). In conclusion, DNA synthesis and
gene expression occurred as expected across the two species and these
results support using this method as an in vitro approach to evaluate the
human relevance of non-genotoxic hepatocarcinogens.

1272 Validating the Gene Expression of Clinically

Relevant CYP450 Enzymes and Transporters in
the Human Upcyte Hepatocytes to Develop an In
Vitro Predictive Tool for Drug-Drug Interactions

S. Maalouf1, J. P. Vanden Heuvel2, and B. Sherf1. 1INDIGO
Biosciences Inc, State College, PA; and 2Penn State University,
University Park, PA.
Drug-drug interactions (DDI) in the liver can have a major impact on
the efficacy, potency and safety of a new drug. In particular, the ability
a drug to interact with the xenobiotic-sensing nuclear receptors may
affect the expression of genes encoding drug metabolizing enzymes
and uptake and efflux transporters. The physiological consequences can
be significant, including altered kinetics of drug absorption, metabolism, and elimination, and the potential for altered drug activity/specificity through chemical transformation. upcyte® hepatocytes are human
donor-derived hepatocytes modified to confer limited proliferative
ability while maintaining their constitutive as well as inducible phase I
and II enzyme activity. Here we validate the use of upcyte® hepatocytes
as a screening tool for an early in vitro assessment of drug’s potential to
alter drug metabolism or induce DDI. The method presented is induction profiling of clinically important CYPs and efflux/uptake transporters
in upcyte® hepatocytes exposed to reference drugs. Specifically, upcyte®
cells derived from different donors were treated with ligands to the
xenobiotic-responsive nuclear receptors PXR, CAR, FXR, LXR, PPARA and
AhR. Following a 48h treatment RNA was isolated and gene expression
patterns were evaluated using quantitative PCR. The expression of clinically relevant phase I and phase II genes, which are regulated by these
NR’s, are confirmed to be significantly responsive to these drug treatments in both dose- and ligand-specific manner. For example CYP1A2,
CYP2B6, and CYP3A4 mRNA are dramatically increased through the activation of PXR, CAR and AhR. CYP7A1 mRNA is decreased in response to
CAR and FXR activation. ABCB11 and ABCC2 efflux transporters transcripts are increased in response to FXR activation. ABCC2 is also induced
in response to PXR and CAR activation while ABCA1 and ABCG1 mRNA
are augmented in response to LXR activation. These results confirm the
utility of upcyte® hepatocytes in assessing drug-induced modulation of
clinically relevant NR target genes, and is predictive of a drug’s potential
to impose DDI liabilities.

1273 Development of a Novel Micropatterned

Co-Culture Model with Primary Dog Hepatocytes
to Aid in Accurate Prediction of DILI Risk

O. Irrechukwu, J. Skeens, J. Shi, S. Krzyzewski, J. Broberg, and J.
Gaffney. Ascendance Biotechnology Inc, Medford, MA.
Drug Induced Liver Injury (DILI) is a major concern in drug development
for pharmaceutical companies and is one of the foremost reasons for
post-marketing withdrawal of drugs. Accurate prediction and early
detection of DILI remains a challenge in preclinical safety studies.
Although preclinical species may not adequately represent the biochemical and molecular mechanisms present in humans, they remain
a critical tool for assessing DILI risk, and ensuring the safety of patients
undergoing drug therapy. In addition, in vitro models using primary
hepatocytes have been developed as a necessary complement to in vivo
investigations. We have developed a novel model in which primary dog
hepatocytes are seeded onto ECM-coated domains of optimized dimensions and subsequently co-cultivated with fibroblasts (i.e. micropatterned co-cultures (MPCCs)), thus retaining key biochemical functions
of in vivo liver. Here, we assess the ability of the dog MPCC platform to
accurately predict DILI potential by treating the co-cultures with representative compounds of DILI and non-DILI concerns. Dog MPCCs were
exposed to increasing concentrations of Aspirin (0-300µM), Amiodarone
(AMD, 0-80µM) and Aflatoxin B1 (AFB, 0-1µM) over a 5-day period and
evaluated for changes in cellular ATP levels, albumin synthesis, and ALT
leakage from the treated cultures. Aspirin, a non-toxicant, did not have
any adverse effects on the cultures. In contrast, AFB, a known hepatotoxicant to human and rat hepatocytes, caused decreases in cellular
ATP levels (to ~40% of control levels) and albumin production (less than
10% of control levels). Interestingly, AMD, a human hepatotoxicant,
was mildly toxic to the dog cultures resulting in significant decreases
in albumin production (to ~30% of control levels) and minimal impact
on ATP levels. Also, ALT leakage in the treated cultures was significantly
increased (greater than 2-fold) in AFB-treated cultures but not in Aspirinor AMD-treated cultures. These results validate the use of the dog MPCC
model for assessing clinical DILI.

1274 Cytotoxicity of 31 US FDA-Approved Small
Molecule Kinase Inhibitors in Primary Rat
Hepatocytes

Q. Shi3, J. Zhang3, L. Ren3, J. J. Greenhaw3, X. Yang3, A. F.
Salminen3,1,, M. C. White3, T. Papoian2, and W. B. Mattes3.
1University of Arkansas, Fayetteville, AR; 2US FDA/CDER, Silver
Spring, MD; and 3US FDA/NCTR, Jefferson, AR.
Hepatotoxicity is a major safety concern of small molecule kinase inhibitors (KIs). To better understand the mechanisms and prediction of KI
hepatotoxicity, here the 31 US FDA approved KIs were examined in
primary cultured rat hepatocytes. The test concentrations were normalized to the therapeutic maximal blood concentrations (Cmax) levels and
ranged from 1 to 100 fold Cmax. The treatment time was 5 and 24 h.
Two major modes of hepatocyte death, necrosis and apoptosis, were
measured in parallel with cellular ATP levels. At concentrations of 1, 2.5,
5, 7.5, 10, 15, 20, 30, 50 and 100 -fold Cmax, the number of KIs causing
cytotoxicity was 2, 4, 8, 10, 10, 13, 14, 15, 16 and 25, respectively. At 100fold Cmax, 14 and 22 KIs caused apoptosis and necrosis, respectively.
Three KIs, including vandetanib, dabrafenib and osimertinib, caused the
most significant apoptosis, as reflected by a more than 20-fold activation of caspase 3/7. Two KIs, regorafenib and pazopanib, both of which
have a black box warning for hepatotoxicity in the product labeling,
caused necrosis and ATP shortage (but not apoptosis) at concentrations
equal to Cmax. At 100-fold Cmax, the widely used cut-off for using in
vitro models to predict drug hepatotoxicity, cytotoxicity in hepatocyte
showed a 72% positive prediction value and 33% negative prediction
value in predicting human KI hepatotoxicity as defined by product
labeling, with the sensitivity and specificity being 82% and 22%, respectively. These data suggest that direct cytotoxicity to hepatocytes may be
one of the underlying mechanisms for KI hepatotoxicity, and cytotoxicity in primary hepatocyte may aid the identification of hepatotoxic KIs.
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1271 An In Vitro Method for the Evaluation of

1275 A Novel High-Throughput Human Hepatocyte
Screening Assay for Reactive Metabolites

U. Doshi, and A. P. Li. In Vitro ADMET Laboratories LLC, Columbia,
MD.
Reactive metabolite formation is known to be associated with drug
induced liver injuries, particularly with idiosyncratic hepatotoxicity.
Reduced glutathione (GSH) depletion in cultured hepatocytes is a
well-accepted approach to identify reactive metabolite formation.
We hypothesize that depletion of cellular GSH would be amplified
in hepatocytes with reduced basal GSH level, and that the degree of
amplification represents a quantitative measurement of reactive metabolite formation. Cryopreserved human hepatocytes were thawed and
cultured on collagen-coated 384-well plates at a cell density of 5000
cells/well in a protein-free medium with or without the GSH synthesis
inhibitor, buthionine sulfoximine (BSO). After a culturing period of 4 hrs,
media was replaced with fresh medium with and without BSO, with multiple concentrations of hepatotoxicants known to form reactive metabolites: acetaminophen, cyclophosphamide, flutamide, leflunomide, and
nefazodone. Ketoconazole and aspirin were used as negative controls,
representing hepatotoxic and nonhepatotoxic drugs, respectively, that
do not form reactive metabolites. After 6 hrs of treatment, cellular GSH
content was quantified based on luminescence using the Promega
Glutathione-Glo Assay Kit. Results were expressed as relative GSH levels
calculated as the level after treatment as a percent of that for the solvent
control. A reactive metabolite index (RMI), calculated as a ratio of the
IC50 of BSO-treated hepatocytes to that of hepatocytes without BSO
treatment, was used to estimate reactive metabolite formation potential of the hepatotoxicants. The RMI values were consistent with the
known reactive metabolite formation potency of the hepatotoxicants.
The calculated RMI values were as follows : acetaminophen: 14.6; cyclophosphamide: 11.1; leflunomide: 3.2; flutamide: 1.6; nefazodone: 1.6;
and ketoconazole: 1.1. No GSH reduction was observed for aspirin. Our
results suggest that this novel human hepatocyte assay may be useful in
the identification and rank ordering of hepatotoxicants with the potential to form reactive metabolites.

1276 Profiling Drug Activity of Human and Ortholog
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and FXR
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K. Toyokawa1, E. Maddox1, J. P. Vanden Heuvel2, and B. Sherf1.
1INDIGO Biosciences, Inc., State College, PA; and 2Penn State
University, University Park, PA.
Pre-clinical studies utilize animals as human surrogates to assess a drug’s
pharmco-kinetic and toxicologic profiles. These studies are often confounded by the fact that the ligand preferences and response dynamics
of the clinically important xenobiotic-sensing receptors (PXR, CAR, AhR
and FXR) can vary dramatically between the human-form receptor and
the corresponding ortholog receptors. A drug with cross-activity to one
or more of the xenobiotic-receptors can affect expression of a variety
of drug transporters, CYP’s, and other phase I and II drug metabolism
enzymes, fundamentally altering the ADMET profile of that drug and its
potential to induce adverse drug-drug interactions (DDIs). Accordingly,
selecting an animal model that provides the most representative
human-surrogate must involve an assessment of the drug-induced
activity profiles of the human vs. ortholog forms of these xenobiotic-receptors. Here we utilize cell-based mouse, rat, monkey and dog PXR
assays, mouse CAR and FXR assays, and rat AhR assay as tools to assess
drug-specific differences in the activities of these ortholog receptors
relative to their corresponding human receptors. A variety of reference
ligands are used to treat reporter cells engineered to express the human
form and various ortholog forms of PXR, CAR, AhR and FXR. The majority
of tested ligands showed dramatic differences in the relative activity
profiles (potency and/or efficacy) that were measured between the
human and ortholog receptors. These findings underscore the importance of characterizing the species dependent drug-induced activation
profiles of the xenobiotic nuclear receptors to better understand human
relevance of pre-clinical animal model systems.

1277 Quantitative Evaluation of Hepatic Lipid

Droplets in Male and Female Mice Treated with
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)
Using an Automated Analysis Tool

R. Nault, D. Tarasova, K. A. Fader, K. Kumagai, J. R. Harkema, D.
Colbry, and T. R. Zacharewski. Michigan State University, East
Lansing, MI.
TCDD elicits the dose-dependent accumulation of hepatic lipids in mice
which is known to vary among species and sexes. Using our web-based
high-throughput quantitative histological analysis tool (QuHAnT), we
compared the severity of steatosis between male and female mice
gavaged with sesame oil or TCDD (0.01, 0.03, 0.1, 0.3, 1, 3, 10, or 30 μg/
kg) every 4 days for 28 days using liver sections stained with Oil Red O
(ORO). Both male and female mice exhibited a dose-dependent increase
in ORO staining with a 23-, and 2.1-fold increase in male and female
mice, respectively, beginning at 1μg/kg. However, at 30 μg/kg TCDD
ORO staining in male and female mice was similar (67.1- and 52.6-fold,
respectively). The QuHAnT results are consistent with semi-quantitative
scores determined through visual assessment. In addition, size measurements revealed a distribution towards larger lipid droplets at high doses
in both male and female mice, and the presence of larger lipid droplets in
male mice despite similar relative increases in ORO staining. In addition
to providing consistent and complementary data compared to visual
assessments, the web-based QuHAnT software completed the evaluation in a fraction of the time required for manual quantitation (hours
vs. weeks) by leveraging cloud computing resources. Altogether, these
data illustrate the value of a web-based automated histological analysis
tool for the rapid and reliable evaluation of hepatic steatosis. Moreover,
this analysis revealed the presence of larger lipid droplets commonly
linked to severity of disease, highlighting differences in TCDD sensitivity between male and female mice. (Funded by SRP P42ES04911 and
the Michigan Translational Research and Commercialization Program supported by the State of Michigan 21st Century Jobs Fund received through
the Michigan Strategic Fund and administered by the Michigan Economic
Development Corporation)

1278 Consumer Products and Health Effects from
Molds and Mycotoxins

L. Haber2, B. Thran1, C. Chaisson3, M. Vincent2, K. Diskin4, B.
Gadagbui2, J. Martinez2, and M. Biggs5. 1Perspective Scientific
Consulting, Elko, NV; 2TERA Center, University of Cincinnati,
Cincinnati, OH; 3The Lifeline Group, Annandale, VA; 4The
Lifeline Group, Lamoine, ME; and 5US Consumer Product Safety
Commission, Rockville, MD.
Consumers may be exposed to mold on consumer products, which may
result in health effects from the molds themselves or from the mycotoxins produced by the mold. To aid the U.S. Consumer Product Safety
Commission (CPSC) in responding to consumer complaints of mold
on consumer products, health impacts of 11 mold genera commonly
found on consumer products were evaluated at the genus level. For
each genus, the physical characteristics and favored growth conditions
were identified to aid in mold genus identification. Toxins or classes
of toxins produced by each genus were identified, and the data were
reviewed on the health effects associated with each genus or mycotoxin. The most common health effects associated with mold organisms
were allergy and asthma. Several molds also cause irritation of the nose,
eye, and/or skin. Reports of opportunistic infections were found for all
but one genus. The most common targets of the mycotoxins were the
kidney and liver. Data on developmental toxicity were either limited or
indicated that developmental toxicity occurs only at maternally toxic
doses. Human data, or animal data supported by human data, indicate
that mycotoxins produced by three of the genera are carcinogenic. An
Access®-based prioritization tool incorporating exposure-related factors
was also designed to assist CPSC staff in responding to mold-associated
consumer reports.

Years Old Reported to the Poison Control Center
in Palestine

A. F. Sawalha, W. M. Sweileh, W. M. Sweileh, and S’e. H. Zyoud.
An-Najah National University, Nablus, Palestinian Territory.
Sponsor: S. Gilbert.
Poisoning in children remains one of the most common reasons of
emergency room visits and mostly in children less than 6 years old.
The objective of this study was to analyze the inquiries reported to the
poison center for children less than 6 years old and provide more insight
into the types and methods of exposure, including what types of pesticides or medications were involved. All data received by the poison
control and drug information center (PCDIC) in Palestine were analyzed
since its establishment in 2006 till now. The analysis include all cases in
which the age was less than 6 years old. Analysis was performed using
SPSS 16. A total of 628 inquiries were received regarding children less
than 6 years old. The average age was 2.7± 1.3 years. More than half
of the calls were received from health care provider, and the rest was
from families. More than two thirds of the inquiries were regarding
males, and the majority (89.4%) of the calls were regarding poisoning,
the rest were about medication dosage, or drug interactions, or side
effects. Medications were encountered in the majority of cases, followed
by cleaning products. The rest were pesticides, plants, self-care items,
and others. There were many cases where the amount was not known.
Most families brought their children with within few hours of poisoning,
and the route of most poison entry was oral. In most cases, the poison
center was contacted before any symptoms develop. In the rest of
the cases varied symptoms has developed from vomiting, abdominal
pain, to tachycardia, bronchorreaha, to CNS depression, and one child
developed coma. After the poison center was contacted, charcoal was
advised in 22 cases, while lavage in only 4 cases. The rest received no
treatment, or antidotes, or were kept under monitoring for symptomatic treatment. Poisoning of children in Palestine is common, and more
attention should be given to parent and children education to avoid
poisoning. Chemicals should be safely stored at home, and away from
reach and sight of children. Continuous medical education is needed
to health care providers regarding the management of acute poisoning
cases. Moreover, emphasis on poison prevention in this age category
should be strongly undertaken.

1280 Socioeconomic Impacts of Expansion of NonSmoking Areas: A Systematic Review

J.-W. Noh, and H. Park. Eulji University, Gyeonggi-do, Korea,
Republic of.
Introduction: Countries that ratified the World Health Organization
Framework Convention on Tobacco Control (FCTC) have an obligation
to protect people from exposure to tobacco smoke in all indoor places.
Article 8 of the FCTC states that scientific evidence has unequivocally
established that exposure to tobacco smoke causes death, disease, and
disability.[1] Materials and Methods: In order to identify the bases of
economic or other impacts of the increased number of non-smoking
zones, Whitlock’s (2008) [2] systematic literature review method was
adopted. With the key question of “What kinds of changes can the
designation and expansion of non-smoking areas make?” the review
used Ovid-Medline and Cochrane Central Register of Controlled Trials
(CENTRAL) as databases for the foreign literature search (conducted
on October 21, 2015) while utilizing DBpia, KoreaMed, Riss, NDSL, KISS,
National Assembly Library and KCI for the domestic literature search
(conducted on October 23, 2015). Results: The systemic review suggested that expansion of non-smoking areas had a generally positive
impact on the economy, though the impact varied by business type.
These findings were more prominent in studies funded by organizations
that had no affiliation with tobacco companies and those that were of
higher research quality. Only one paper examined the impacts of nonsmoking areas on employee health. Ahn (2011) [4] discovered that
smoking bans in restaurants and bars helped reduce respiratory and
pulmonary disorders and other self-perceived symptoms of employees,
although smoking employees did not experience the same effects when
examined separately from non-smoking counterparts. Wilson (2012) [5]
indicated that smoking bans introduced at the local level led to lower
smoking rates, but comprehensive and nationwide bans on smoking
seemed to make less dramatic changes in people’s smoking habits.
Discussion: The systematic literature review suggested that all businesses, except for bars, showed generally positive economic impacts
resulting from expansion of non-smoking zones, though there were
some discrepancies across different business types.

1281 Counterfeit Electronic Cigarette Refill Fluids: A
New Public Health Concern

E. Omaiye2, W. Luo1, J. Pankow1, and P. Talbot2. 1Portland State
University, Portland, OR; and 2University of California, Riverside,
Riverside, CA.
The popularity of electronic cigarettes (EC) has increased exponentially
since their introduction over a decade ago. EC products often contain
inaccurately labeled nicotine concentrations and flavoring chemicals
that are not listed on the package. While nicotine can alter brain function in adults and cause prenatal abnormalities, the chronic effects of
inhaling aerosolized nicotine and uncharacterized flavoring chemicals
on human health are not well understood. The objectives of this study
were to compare EC refill fluids purchased from one manufacturer in
four different countries. Specifically, we undertook the following evaluations: (1) determined the actual nicotine concentration in products
labeled 0 mg/ml using HPLC, (2) identified counterfeit EC products
using quick response (QR) codes and European Article Number (EAN)
barcodes, and (3) compared flavor chemicals in replicate samples across
countries using gas chromatography and mass spectrometry. Refill
fluids were purchased from four countries at different times. All products were from one manufacturer that distributes in over 80 countries.
Although all products were labeled 0 mg/ml of nicotine, 17/125 refill
fluids contained nicotine (range = 0.4 - 20.4 mg/mL), and of the 17, 15
were purchased in Abuja, Nigeria. All samples purchased in Abuja that
contained nicotine were identified as counterfeit using the QR and EAN
barcodes. Counterfeit and authentic refill fluids often had similar flavoring chemicals; however, the counterfeit samples usually had additional flavoring chemicals not present in authentic products. Some flavoring chemicals were present in higher concentrations in counterfeit
samples (e.g. menthol was 5 times higher in one counterfeit product
than its authentic counterpart). Chemicals in the range of 1.7 - 30 mg/
mL included ethyl maltol, triacetin, corylone, benzyl alcohol, ethyl vanillin, furanol, and hexyl acetate. This study identifies a new public health
concern related to EC. This concern centers around the finding that
counterfeit refill fluids labeled 0 mg/ml contained nicotine and also in
some cases had more flavoring chemicals in higher concentrations than
authentic products. Our results argue for improvement in the accurate
certification and regulation of products that contain nicotine and flavor
chemicals.

1282 Marijuana: The Smoke Hasn’t Cleared
J. A. Deyo, K. A. Tucker, C. Y. Chan, N. H. Moore, and B. J. Kelman.
Veritox, Inc., Redmond, WA.
Acute marijuana (MJ) intoxication has been well defined within the
medical and toxicological communities; however, the scientific literature on long-term effects of chronic MJ use on neuropsychological
performance is inconclusive. Given the expanded use of MJ, we investigated the potential for cognitive effects to continue 12 hr after smoking
cessation, as would be the case of the “morning after” for an individual
user. We conducted an extensive literature analysis, documented study
findings, and evaluated study design, study limitations, definitions of
study population, dosing regimen, and routes of exposure. We found
inconsistencies in the literature which suggest MJ-induced neurocognitive deficits seen 12 hr after exposure may be due to delayed acute,
chronic, or withdrawal effects. Acute intoxication following smoking 1
or 2 MJ cigarettes typically lasts 2-6 hr. Some studies have shown longer-lasting performance decrements (more than 6-12 hr after smoking);
however, replicate studies of the same populations failed to confirm the
effect. Some studies have suggested tolerance to neurocognitive and
behavioral effects may develop in frequent smokers. A few studies indicate chronic users may exhibit neuropsychological effects after 12 hr of
abstinence due to long-term use and/or onset of withdrawal effects. In
addition, it is unclear how the existing MJ research will apply to today’s
products of vastly increased potency. Overall, our analysis identified
limited and inconsistent data documenting neurocognitive deficits in
chronic users 12 hrs after exposure. The body of scientific research is
inconclusive with respect to the time of onset and duration of chronic
cognitive effects.
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1279 Analysis of Poisoning in Children Less Than 6

1283 An Energizing New Program to Address Public
Concerns about Chemical Exposures from Oil
and Gas Development in Colorado

T. McMullin, A. Bamber, J. Flores, and M. VanDyke. Colorado
Department of Public Health and Environment, Denver, CO.
Colorado’s increase in unconventional oil and gas (O&G) production
in parallel with dramatic population growth in the same regions has
created a common situation in which well sites are developed in close
proximity to residential areas. This has elevated public and policymaker
concerns about the potential health consequences from exposures
to O&G pollutants. Colorado citizens and public officials frequently
feel confused and overwhelmed by how to interpret often contradictory scientific information about health effects that may be related to
living near O&G. To address these important concerns, the Colorado
Department of Public Health and Environment established the Oil and
Gas Health Information and Response (OGHIR) Program. OGHIR serves
as a state level resource to the public and to local governments by
helping to navigate and understand the complexities and uncertainties
involving potential health risks associated with O&G pollutant exposures. OGHIR is adapting newly developed methodologies, such as the
National Toxicology Program’s Systematic Review, to educate the public
with objective, scientifically sound and transparent evaluations of the
state of the science on the potential health effects from O&G pollutants.
In addition, OGHIR provides citizens with a single contact point where
they can easily report specific health symptoms they believe may be
attributed to living near O&G. OGHIR collaborates with operators, state,
and local regulatory authorities to conduct site investigations, which
may include air sampling using a mobile air monitoring unit, to evaluate
possible exposures and to help minimize further exposures if potential
health risks are identified. The effectiveness of this program is in developing solution oriented approaches to resolving citizen health concerns
by utilizing exposure and risk assessment tools and by fostering collaborative relationships with multiple stakeholders, including other state
and local government agencies, industry and the public. This type of
approach has proven to have a tremendous impact on resolving citizen
concerns and improving public health while working within the confines of the current O&G regulatory landscape. Overall, this presentation
will highlight how a state can establish responsive and pragmatic toxicology and risk assessment solutions to address public health concerns
potentially related to emissions from O&G operations.

1285 Metal Accumulation, Cytogenotoxicity,

and Systemic Toxicity Assessment in Rats
(Rattus norvegicus) Exposed to Emissions and
Groundwater from Olusosun Municipal Landfill
Site, Nigeria

A. M. Gbadebo2, O. A. Alabi1, C. G. Alimba2, and A. A. Bakare2.
1Federal University of Technology, Akure, Ondo State, Nigeria; and
2University of Ibadan, Ibadan, Oyo State, Nigeria.
Human exposure to emissions from landfills in Nigeria has become a
national issue due to inappropriate solid waste disposal into unsanitary
landfills. The study herein investigated systemic toxicity and genome
instability in rats exposed to emissions and underground water from a
municipal landfill in Nigeria. Male Wistar albino rats (5/point/duration)
were exposed at three different points to emissions and groundwater
from the landfill for 4, 8, 12, 16, 20 and 24 weeks. Rats concurrently sited
at about 17 km from the landfill site served as control. Metal (Pb, Cd,
Cr, Cu and Zn) concentrations in blood, lungs, liver and kidneys; alterations in haematological indices and biochemical parameters in serum
and liver homogenates, histopathology and bone marrow micronucleus
formation were analysed. Pb, Cd, Cr, Cu and Zn (mg/L) increased in the
examined blood and organs of rats at all points on the landfill compared
to control. Haematological parameters (RBC, Hgb, PCV, WBC, lymphocyte and Neutrophil) were not significantly altered in exposed rats compared to control. Levels of AST, ALT, creatinine, urea, CAT, GSH and MDA
significantly (p<0.05) increased, with decreased SOD in the exposed
rats compared to the control. Frequencies of micronucleated polychromatic erythrocytes significantly (p<0.05) increased with decrease
in polychromatic erythrocyte/normochromatic erythrocytes ratio at all
exposure points compared to the control. Oedema, hyperplasia, inflammations, fibrosis, congestion, liver steatosis and sinusoid dilations were
observed in at least one of the lungs, liver and kidneys of exposed rats.
The observed alterations in the exposed rats may be related to the toxic
effects of metals from emissions and groundwater and other unanalysed pollutants from the landfill site. This is of environmental and public
health importance in Nigeria and other countries where populations are
at risk due to occupational and residential exposure to landfill emissions.

1286 Hearing Loss As an Outcome of Noise and Metal

Exposures in Ghanaian Electronic Waste Workers
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1284 Evaluating Potential Public Health Risks from

Oil and Gas Operations in Colorado through
Screening-Level Human Health Risk Assessment
and Systematic Literature Review

A. Bamber, T. McMullin, M. VanDyke, and D. Vigil. Colorado
Department of Public Health and Environment, Denver, CO.
Colorado’s rapidly growing population in parallel with increased unconventional O&G extraction activities in populated areas has created a
situation in which many Coloradans now live and work in close proximity to O&G. As a result, the public and policy-makers are concerned
about the potential health consequences of chemical releases from
these operations and confused by how to interpret the mixed information presented in the media and scientific literature. In response
to growing public health concerns, we evaluated the potential public
health risks to Coloradoan’s living near O&G from air exposures. We
developed a unique approach that integrated components of recently
developed qualitative environmental systematic reviews and quantitative risk assessment frameworks. The scope of this assessment was
defined by the following broad question: Could environmental exposures to substances emitted in the air from O&G produce health effects in
Coloradoan’s living near O&G? The assessment was conducted in three
steps: 1) Conduct a systematic review to evaluate the quality of epidemiological evidence for associations between exposures to O&G emissions
and health outcomes. 2) Conduct a screening-level risk assessment to
characterize volatile organic compound (VOC) exposures to people in
high O&G areas compared to health reference levels. 3) Develop weight
of evidence conclusions through integrating epidemiological findings
and results from the screening level risk assessment. Overall, the systematic review identified epidemiological evidence for 16 outcomes, as
insufficient, limited, or mixed. This preliminary risk assessment indicated
that ambient air concentrations of the majority of individual VOCs evaluated in high O&G regions are well below screening health reference
levels but a small sub-set of VOCs approach health reference levels and
warrant further examination. The assessment identified critical gaps in
the existing data, including characterization of exposures. A comprehensive risk assessment using newly developed source emission data to
refine exposures is currently underway. This assessment is an example
of utilizing components of toxicological/ risk assessment approaches to
inform public health and policy decisions.

K. M.
N. Basu1, J. Fobil2, and R. L. Neitzel3. 1McGill
University, Ste. Anne de Bellevue, QC, Canada; 2University of
Ghana, Legon, Ghana; and 3University of Michigan, Ann Arbor, MI.
Carlson3,

While hearing loss (HL) from noise has been recognized for hundreds
of years, recent research has identified environmental and occupational exposure to non-essential heavy metals, including lead (Pb)
and cadmium (Cd), as potential causal agents of HL. Our study team
worked with the University of Ghana’s School of Public Health to assess
both metal and noise exposures at the Agbogbloshie electronic waste
(e-waste) site in Accra, Ghana. Male workers (N = 55) were recruited from
the Agbogbloshie e-waste site and each participated in audiometric
testing, a physical exam, and blood collection. Mean levels of blood
Pb in participants (9.72 μg/dL Pb) were observed to be eight times the
US adult average levels. Mean blood Cd in our sample (2.98 μg/L Cd)
was over seven times higher than the average levels in US nonsmoking
adults. Over sixty percent (N = 35) of our sample displayed an audiometric notch, or decreased hearing thresholds at higher frequencies in
one (N=19) or both (N=16) ears. Notches were predominantly seen at
6 kHz, though some were present at 3-4 kHz. Notches of this type indicate evidence of noise-induced hearing loss. Most participants (86%)
reported a perception of high noise exposures to occur often or fairly
often in their work; high levels of noise exposures were confirmed
through dosimetry evaluation. Noise exposures measured over a large
fraction of a day (19.1 ± 4.1 hours) averaged 82.5 dBA, with a range of
74.4 - 90.0 dBA. Linear and logistic models did not indicate blood levels
of Pb or Cd as significant predictors of lowered hearing thresholds. For
this cross-sectional study, noise levels seemed to be the predominant
causative agent leading to HL or an audiometric notch. Our study characterized exposures of toxic metals and noise in a vulnerable population of e-waste workers. This global collaboration has resulted in an
increased understanding of the relationships between heavy metals,
noise, and HL.

Polyhexamethylene Guanidine and Interstitial
Lung Disease

B. J. Kelman, C. Y. Chan, N. H. Moore, and L. C. Diener. Veritox,
Inc., Redmond, WA.
Polyhexamethylene guanidine (PHMG) has biocidal properties that
have led to its use as a disinfectant in home humidifiers, shampoos, and
cleaning products. The use of PHMG in South Korean residential humidifiers was recently linked to a 2006-2011 outbreak of interstitial lung
disease (ILD) among South Korean pregnant and postpartum women
and children that resulted in fatality or necessary lung transplantation
in more than 50% of cases. PMHG was attributed as the cause due to
seasonality of cases, familial case clustering, occurrence in peripartum
women (that were more likely to be home-bound), and general use of
humidifier disinfectants. The present study performed a weight of evidence assessment to determine if the purported association between
PHMG and ILD met the criteria for causation. A systematic review of
human and animal toxicology, exposure, and epidemiology studies
was conducted, including an assessment of methodologic strengths
and weaknesses. The data was evaluated with respect to BradfordHill guidelines for presence or absence of a cause-effect relationship
between PHMG and ILD, including strength of association, temporality
and dose-response of the relationship, replication of findings, biological
plausibility, alternative explanations, specificity of the association, and
consistency with other knowledge. Only limited peer-reviewed studies
examining the PHMG and ILD association were identified. Among
animal studies, doses and exposure methods were not reflective of
human exposure. Among epidemiologic studies, one case-control study
reported a risk estimate but lacked well-defined exposure and outcome
definitions, appropriate control groups, and adequate power for statistical significance. A second epidemiologic study was cross-sectional,
and the third was descriptive and lacked a control group. Collectively,
existing data failed to satisfy Bradford-Hill guidelines for causality.
Neither a dose response relationship nor temporality (increases in ILD
cases following the initial arrival of PHMG humidifier disinfectant products on the market) was demonstrated. It is also unclear whether other
disinfectants or additives were used in conjunction with humidifier use.
A need for epidemiology research supported by animal studies remains
to assess risk, if any, for ILD associated with humidifier use. We conclude
that based on Bradford-Hill guidelines, existing data does not support a
causal relationship between PHMG and ILD.

1288 Perineal Use of Cosmetic Talc As a Risk Factor
for Ovarian Cancer: A Weight-of-Evidence
Evaluation

B. Finley2, E. Donovan2, M. Kovochich1, D. Paustenbach2, and A.
Urban2. 1Cardno ChemRisk, Aliso Viejo, CA; and 2Cardno ChemRisk,
San Francisco, CA.
This analysis reviews the published in vitro, in vivo, and epidemiological studies and other information relevant to the question of whether
perineal use of cosmetic talc might be a risk factor for ovarian cancer.
The evidence to date indicates that there is no difference in talc levels
measured in the ovaries of women who use cosmetic talc perineally vs.
those who do not. This is consistent with the fact that numerous animal
studies have shown that direct injection of very high talc doses into the
female reproductive tract of rodents, rabbits, and primates does not
result in detectable levels of talc in the ovary. It is clear that the analytical
methods used in many of the studies seeking to identify talc in ovarian
tissues cannot distinguish between talc vs other common magnesium
silicates found in the environment as well as food and consumer products. Numerous in vitro and animal in vivo studies indicate that cosmetic
talc is not genotoxic. One in vitro study suggested that very high levels
of cosmetic talc might increase colony formation in human ovarian cell
cultures through a non-genotoxic mechanism, but methodological
shortcomings of that study raise questions regarding the relevance of
the findings. Animal studies have demonstrated that administration
of high talc doses to the reproductive tract, including direct injection
into the ovaries themselves, does not result in ovarian tumor formation
and no animal study to date has reported an increase in ovarian tumors
following cosmetic talc administration via any exposure pathway.
Some case-control epidemiology studies have reported an association
between perineal talc use and ovarian cancer, but these studies may be
confounded by recall bias and other factors. Cohort studies, which are
not similarly confounded, do not show any such association. We conclude that, based on the current weight of scientific evidence, perineal
use of cosmetic talc is not a risk factor for ovarian cancer.

1289 Withdrawn by Author

1290 Cosmetic Talc As a Risk Factor for Mesothelioma:
A Weight-of-Evidence Evaluation

S.
G. M. Marsh3, and B. L. Finley1. 1Cardno ChemRisk,
Brooklyn, NY; 2Cardno ChemRisk, Pittsburgh, PA; and 3University of
Pittsburgh, Pittsburgh, PA.
Benson2,

Due to some historical (and inaccurate) reports that asbestos might
be present in European cosmetic talc mines, questions are occasionally raised regarding the potential mesothelioma risks associated with
cosmetic talc products sourced from those mines. We conducted a systematic review of the epidemiological literature for cosmetic talc miners
and millers and found three occupational cohort studies that evaluated mesothelioma incidence in workers in Italy, Norway, France and
Austria. A pooled analysis of the cohort mortality studies indicated that
4 mesothelioma deaths would have been expected from the 90,022 person-years of observation, and this was associated with 84% and 67% statistical power to observe a 3-fold or 2.5-fold increase in mesothelioma
mortality, respectively. We conducted a second literature review to evaluate the incidence and mortality of mesothelioma among patients who
received talc pleurodesis treatments before 1965 and found retrospective clinical studies including over 300 patients with follow-up ranging
from 14 to 40 years. None of the miners or millers from the epidemiology studies or the patients who received talc pleurodesis treatments
developed mesothelioma. The epidemiological and clinical studies for
these groups indicate that cosmetic talc exposure is not a risk factor for
mesothelioma.

1291 Longevity and Pleural Mesothelioma: Age-

Period-Cohort Analysis of the SEER 9 Cancer
Registries (1973-2013)

B. D. Kerger1, G. Mezei2, and E. T. Chang2. 1Exponent, Irvine, CA;
and 2Exponent, Menlo Park, CA.
An age-period-cohort analysis was conducted to further assess the
hypothesis that a fraction of incident pleural mesothelioma (PM) may be
related to a combination of population aging (i.e., expansion of the population over age 75) and non-occupational exposures in birth cohorts
postdating peak occupational asbestos exposures (here, referred to as
increased longevity). Earlier analyses revealed clearly divergent gender-specific time trends in age-adjusted PM incidence for two selected
age groups (0-74 and 75+ years). US SEER 9 cancer registries data
stratified by these four gender-age groups were analyzed by 5-year
intervals of age, calendar period, and birth cohort using the National
Cancer Institute Age-Period-Cohort Web Tool. Males age 0-74 showed
a significant decreasing trend in PM incidence after peaking in 19831987, adjusting for cohort effects (net drift = -1.8% per year, 95% CI =
-2.3%, -1.3%, p < 0.0001) and a significant cohort effect, peaking in the
1928-1932 birth cohort and declining thereafter (test of all local drifts =
net drift: p < 0.0001). PM incidence increased with age within calendar
period and across birth cohorts. Males age 75+ had a distinctly different
positive incidence trend over time (net drift = 4.0% per year, 95% CI =
3.2%, 4.7%), along with a significant cohort effect, again peaking in the
1928-1932 birth cohort (p = 0.0002), but no clear effect of age above 75
years. The female age 0-74 group did not show a significant time trend
(net drift = -1.5%, 95% CI = -3.3%, 0.3%), based on small case numbers,
although there appeared to be a cohort effect with a slight peak in 19331937 (p = 0.02), and incidence increased with age within period and
across cohorts. Like older males, females age 75+ showed an increasing
time trend (net drift = 3.7%, 95% CI = 1.7%, 5.7%), but no cohort effect
(p = 0.58) and no clear age effect. In sum, the distinct period and cohort
effects among males age 0-74 may be driven by declining age-adjusted PM incidence rates corresponding to the decline in occupational
asbestos exposures in the two decades after World War II. In contrast,
the patterns seen in males and females age 75+ differ from those of
males age 0-74 and may reflect longevity-related factors. These findings may be important for future PM incidence trends because the Baby
Boomer generation is expanding the ranks of the senior population surviving beyond age 75, and thus an increasing proportion of cases due to
longevity can be expected in future years.
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1287 Weight-of-Evidence Assessment for

1292 Association of Perfluoroalkyl Substances with
Hyperuricemia and Gout

L. Balluz, and F. Scinicariello. ATSDR, Atlanta, GA. Sponsor: M.
Mumtaz.
Introduction: Previous population cross-sectional studies have reported
a positive association of perfluoroalkyl and polyfluoroalkyl substances
(PFASs), including perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonate (PFOS), with hyperuricemia and/or chronic kidney diseases
(CKD) defined as estimate glomerular filtration rate (eGFR) <60 mL/
minute/1.73 m2. Aim of the study: To investigate whether there is an
association between exposure to PFASs and serum uric acid and gout in
the adult population (20 -85 years) of the National Health and Nutrition
Examination Survey (NHANES) 2009-2012 (n=3248). PFASs include
PFOA, PFOS, perfluorononanoic acid (PFNA), and perfluorohexane sulfonic acid (PFHxS). Methods: Multivariate logistic regression were performed to analyze the association of PFASs with hyperuricemia and
self-reported gout. Serum PFOA, PFNA, PFOS and PFHxA were analyzed
as quartiles. Multivariate linear regression were performed to analyze
the association of PFASs with uric acid and eGFR. Analyses were also
restricted to individuals with normal eGFR. Results: The weighted prevalence of hyperuricemia was 17.7 % (95% CI: 15.8% - 19.73%), and of
self-reported gout was 3.2 % (95% CI: 2.5% - 4.1%). After adjustment
for demographic, socioeconomic and other potential confounders, all
four PFASs investigated were associated with increased serum uric acid
and decreased eGRF. There were statistically significant associations
between the highest quartile of serum concentrations of PFOA, PFNA
and PFHxS, but not PFOS, and hyperuricemia. These association were
confirmed for PFOA and PFNA, but not PFHxS when the analyses were
restricted to participants with normal eGFR. The adjusted odds ratio
for gout among participants in the 4th PFOA quartile was 2.80 (95% CI:
1.16, 6.74) when compared to the 1st PFOA quartile. The positive association was also found when the analyses excluded individuals with CKD.
Conclusions: In this large population cross-sectional analysis, we found
an association between PFOA with self-reported gout. We also confirmed previous reports of an association of PFAS with hyperuricemia
and decreased eGFR. Longitudinal studies examining the relationship
of PFAS exposure and renal function are needed. Disclaimer: The findings
and conclusion in this report are those of the author and do not necessarily
represent the views of CDC/ATSDR.
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M. C. Buser, and F. Scinicariello. ATSDR, Atlanta, GA. Sponsor: M.
Mumtaz.
Background: Antimony is used as a flame-retardant in textiles and plastics, in semiconductors, pewter, and as pigments in paints, lacquers,
glass and pottery. Subacute or chronic antimony poisoning has been
reported to cause sleeplessness. The prevalence of short sleep duration (<7 hours/night) has been reported to be 37.1% in the general US
population, and obstructive sleep apnea (OSA) affects 12-28 million US
adults. Insufficient sleep and OSA have been linked to the development
of several chronic conditions including diabetes, cardiovascular disease,
obesity and depression, conditions that pose serious public health
consequences. Objective: To investigate whether there is an association between antimony exposure and sleep-related disorders in the US
adult population using the National Health and Nutrition Examination
Survey (NHANES) 2005-2008. Methods: We performed multivariate
logistic regression to analyze the association of urinary antimony, categorized by weighted quartiles based on the distribution of urinary
antimony levels among the study population, with several sleep disorders, including insufficient sleep - defined as ≤ 6 hours/night according
to the National Lung, Heart, and Blood Institute (NLHBI), sleep onset
latency, self-reported day-time sleepiness, and OSA - defined according
to Healthy People 2020, in adult ( ≥20 years) participants of NHANES
2005-2008 (n=2824). Result: We found that participants with the
highest urinary antimony levels had higher odds to experience insufficient sleep (aOR=1.85, 95% CI: 1.01, 3.41). Participants in the highest
quartile of urinary antimony also had higher odds to have increased
sleep onset latency (>30 minutes/night) (aOR=1.45, 95% CI: 1.01, 2.08),
which may be indicative of having a sleep disorder according to the
NHLBI. Furthermore, we found that higher urinary antimony levels in
participants were associated with OSA (aOR=1.57, 95% CI: 1.06, 2.31)
and self-reported day-time sleepiness (aOR=1.95, 95% CI: 1.13 3.37).
Conclusion: In this study, we found that urinary antimony was associated with higher odds to have insufficient sleep and OSA. Because of
the public health implications of sleep disorders, further studies are
warranted to evaluate the association between antimony exposure and
sleep-related disorders. Disclaimer: The findings and conclusion in this
report are those of the author and do not necessarily represent the views
of CDC/ATSDR.

1294 Urinary t,t-Muconic Acid As a Proxy-Biomarker of
Car Exhaust and Cognitive Outcome in 15-YearOlds

H. A. Roels2, M. Kicinski2, N. D. Saenen2, M. Plusquin2, G. Schoeters1,
W. Baeyens3, and T. S. Nawrot2. 1Flemish Institute for Technological
Research, Mol, Belgium; 2Hasselt University, Diepenbeek, Belgium;
and 3Vrije Universiteit Brussel, Brussels, Belgium.
Recent epidemiological studies reported negative associations between
residential outdoor air pollution and cognitive performance. In a population of non-smoker adolescents living in Flanders (Belgium), we investigated the associations between two cognitive domains (i.e. sustained
attention and short-term memory) and the urinary concentration of
trans,trans-muconic acid (t,t-MA-U), a metabolite of benzene and used
as proxy-biomarker of traffic exposure. Between 2008 and 2014 we
evaluated 15-year old students (n = 895) for sustained attention with
the Continuous Performance Test (CPT: reaction time, number of omission errors, and number of commission errors) and short-term memory
with the Digit Span Test (DST: maximum digit span forward and backward). We measured blood lead (PbB) to assess the independent effect
of t,t-MA-U on the cognitive outcomes. This study showed that a tenfold increase in t,t-MA-U was associated with a 0.14 SD (Stand. Dev.)
lower sustained attention (p = 0.02) and a 0.17 SD diminished shortterm memory (p = 0.02). For the same increment in t,t-MA-U, the CPT
showed a 12.2 msec higher mean reaction time (p = 0.001) and 0.51
more numbers of errors of omission (p = 0.028), while no association
was found with errors of commission. For the DST, the maximum digit
span forward was associated with a 0.20 lower number of digits (p =
0.025) and maximum digit span backward with 0.15 less digits (p =
0.088). These associations were independent of PbB, parental education
and other important covariates including gender, age, passive smoking,
ethnicity, urinary creatinine, time of the day, and examination day of
the week. For PbB, an independent association was only found with
mean reaction time of the CPT (19.1 msec, p = 0.025). This study strongly
suggests that in adolescents a ten-fold increase in the concentration
of t,t-MA-U, used as a proxy-biomarker for traffic-related exposure, was
associated with a significant deficit in sustained attention and shortterm memory. The public health implications of this finding cannot be
overlooked as the effect-size for these cognitive domains was about
40% of the effect-size of parental education. (Supported by the Flemish
Community, ERC 2012-StG 310898, and FWO G.073315N)

1295 Serum Testosterone Concentrations and Urinary

Bisphenol A, Benzophenone-3, Triclosan, and
Paraben Levels in Male and Female Children and
Adolescents: NHANES 2011-2012

F. Scinicariello, and M. C. Buser. ATSDR, Atlanta, GA. Sponsor: M.
Mumtaz.
Background: Exposure to environmental phenols (e.g., bisphenol-A,
benzophenone-3, and triclosan) and parabens is widespread in the
population. Many of these chemicals have been shown to have anti-androgenic effects both in vitro and in vivo. Objective: To examine the
association of bisphenol-A (BPA), benzophenone-3 (BP-3), triclosan
(TCS), and parabens with serum total testosterone (TT) levels in child
and adolescent participants (ages 6-19 years) in the National Health and
Nutrition Examination Survey (NHANES) 2011-2012. Methods: We performed multivariable linear regression to estimate associations between
natural log-transformed serum TT and quartiles of urinary BPA, BP-3,
TCS, and parabens in male and female children (ages 6 - 11 years) and
adolescents (ages 12 - 19 years). Results: BP-3 and BPA were associated
with significantly lower TT in male adolescents, and BPA was associated
with significantly higher TT in female adolescents. TT was not consistently associated with TCS or total parabens in children or adolescents
of either sex. Conclusions: To our knowledge, this is the first study to
report an association between BP-3 and BPA with serum TT in adolescents. Associations between BPA and TT differed according to sex in
adolescents, with inverse associations in boys and positive associations
in girls. BP-3 was associated with significantly lower TT in adolescent
boys only. However, because of the limitations inherent to the cross-sectional study design, further studies are needed to confirm and elucidate
on our findings. Disclaimer: The findings and conclusion in this report are
those of the authors and do not necessarily represent the official position of
CDC/ATSDR.

1296 Liver and Kidney Functions among Adolescent
Pesticide Applicators: A Longitudinal Study

1298 Initial Analysis of Liver Disease in the Anniston
Community Health Survey-II

A. A. Ismail3, O. Hendy1, G. Abdel Rasoul1, K. Wang3, J. R. Olson2,2,,
M. R. Bonner2, and D. S. Rohlman3. 1Menoufia University, Shebin
Elkom, Egypt; 2SUNY Buffalo, Buffalo, NY; and 3University of Iowa,
Iowa City, IA.

M. C. Cave3, H. B. Clair3, C. M. Pinkston3, K. C. Falkner3, L. S.
Birnbaum2, and M. Pavuk1. 1ATSDR, Atlanta, GA; 2NCI/NIH,
Research Triangle Park, NC; and 3University of Louisville, Louisville,
KY.

Egyptian adolescents work seasonally for the Ministry of Agriculture
applying pesticides to cotton fields throughout the country.
Organophosphorus (OP) pesticides are primarily applied to control
cotton boll weevils. Liver and kidney impairments are major concerns
among workers exposed to OP pesticides. The aim of the current study is
to assess changes in liver and kidney functions during and after the pesticide application season. A cohort of 119 adolescent pesticide applicators
were examined at three times: during the application season (Time 1),
immediately following the end of the season (Time 2), and two months
after the season ended (Time 3). A baseline exposure and medical information were collected at the three times of testing. A blood sample was
drawn to measure cholinesterase activity and liver and kidney functions:
Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST),
Alkaline Phosphatase, (ALP), Gamma Glutamyl Transpeptidase (GGT),
Total Bilirubin (TB), Direct Bilirubin (DB), Total Protein (TP), Albumin,
Urea, and Creatinine. Acetyl cholinesterase levels returned to baseline
levels immediately after the application season (Time 2), while Butyryl
cholinesterase levels returned to baseline levels at the final time point
(Time 3). The majority of serum measures of liver and kidney functions
(ALT, AST, ALP, TB, Albumin, and Creatinine) showed deterioration at
Time 2 relative to Time 1, then recovered at Time 3. Three measures
(GGT, DB, and Urea) improved at Time 2 relative to Time 1 and worsened
at Time 3. More years of working in pesticide application, and mixing
pesticides last week were associated with an increase in serum creatinine, and urea; respectively. Exposure to OP pesticides significantly
impacted several serum measures of liver and kidney functions, particularly immediately following application. Further understanding of the
clinical significance of these finding is needed, including associations
with urinary biomarkers of pesticide exposure.

Purpose: PCB and dioxin exposures have been associated with the development of liver diseases including toxicant associated steatohepatitis.
At SOT 2015, we presented “Steatohepatitis Associated with Adipokine
Abnormalities in the Anniston Community Health Survey (ACHS)”. The
purpose of the current study is to evaluate liver disease in the follow-up
study, ACHS-II. Methods: In ACHS-II, 359 of the original 766 ACHS participants were re-evaluated 7-9 years later. Serological biomarkers of
exposure (including PCBs/dioxins) and disease were measured. Liver
disease was categorized by cytokeratin 18 (CK18) elevation as none
(CK18 M65<300 and CK 18 M30<200 U/L); TASH (CK18 M65>300 and
CK 18 M30<200 U/L); or other (CK 18 M30>200 U/L). Regression models
were used to investigate possible associations between log-transformed
exposure and disease biomarkers. Results: In ACHS-II, the prevalence of
TASH was 46% and other was 16%. This was similar to that observed
in ACHS (49% and 12%). Routine liver chemistries (AST, ALT, alkaline
phosphatase, and bilirubin) were significantly increased in the liver
disease groups, suggesting that the liver disease categorization procedures were appropriate. No associations were seen between the total
dioxin toxic equivalency - TEQ [sum of PCDDs, PCDFs, and dioxin-like
non-ortho- and mono-ortho PCB TEQs] and CK18 in the initial model
which adjusted for age, sex, race, alcohol use, and diabetes. In initial univariate models, significant positive associations were seen between TEQ
and the liver injury biomarker, alkaline phosphatase; the liver fibrosis
biomarker, hyaluronic acid; and pro-inflammatory cytokines previously
associated with liver disease including TNFα and IL-6. Importantly, both
TNFα and IL-6 were also positively associated with PCB exposures in
ACHS (by sum of 35 measured mono-ortho congeners). Conclusions:
The high prevalence of liver disease previously reported in ACHS persisted in ACHS-II. While statistical analysis is ongoing, preliminary data
demonstrate significant associations between biomarkers of PCB/dioxin
exposures with biomarkers of hepatic inflammation and fibrosis.

1297 Hypertension in Relation to Dioxins,

E. Yang1, L. Birnbaum2, and M. Pavuk1. 1ATSDR, Atlanta, GA; and
2NIH, Research Triangle Park, NC.
The residents of Anniston, AL, who participated in the Anniston
Community Health Survey (ACHS) in 2005-7 were followed up in 2014
(ACHS II). Results from ACHS showed a significant association between
PCB levels and hypertension prevalence. ACHS II was conducted for
further in-depth exposure analyses, involving dioxins and dioxin-like
compounds in addition to PCBs and pesticides. The current study investigates for the first time the associations between the various dioxins
and hypertension. Available serum samples and covariate information yielded 338 participants for this study. Three measurements were
obtained for both systolic and diastolic blood pressure at the study follow-up examination. Hypertension status was defined as either taking
hypertensive medication or having an average systolic blood pressure
greater than 140 mmHg and/or an average diastolic pressure greater
than 90 mmHg; 262 (77.5%) participants were diagnosed as hypertensive. Median age was 63 (range: 26-87) years. Logistic regression was
used to analyze hypertension prevalence (odds ratios - OR and p-values
are reported). The covariates adjusted for in the models included age,
sex, race, BMI, smoking status, and family history of high blood pressure. In analyses of ACHS II data we observed highly elevated odds
ratios (ORs~3.0-8.0) for the sum of PCBs, dioxins, furans, and non-ortho
PCBs TEQs. Most of these association were strongly attenuated after the
adjustment for age and were not statistically significant. Adjusted odds
ratios for sum of PCBs was 1.88 (p=0.17) and for non-ortho PCB TEQ
(sum of PCBs 126 and 169) it was 1.82 (p=0.13). Strongest associations
with hypertension were observed for chlorinated pesticides: oxychlordane (4.76, p=0.025) and trans-nonachlor (4.67, p=0.010), respectively.
A few individual di-ortho non-dioxin like PCBs also remained statistically
significant (e.g. PCB 99, 138). In conclusion, very high proportion of this
aging study sample is now diagnosed with hypertension. All observed
associations have been most strongly related to age that accounted for
most of the covariate adjustment and attenuated associations with PCBs
and dioxins. Associations between hypertension and some chlorinated
pesticides which were not statistically significant in ACHS were found to
be significant in the follow up.

1299 Associations between PCB and Dioxin Exposures
with Serum Cytokines in the Anniston
Community Health Survey-II

C. M. Pinkston4, F. A. Middleton3, P. F. Rosenbaum3, H. B. Clair4, K.
C. Falkner4, M. Pavuk1, L. S. Birnbaum2, and M. C. Cave4. 1ATSDR,
Atlanta, GA; 2NCI/NIH, Research Triangle Park, NC; 3SUNY Upstate
Medical University, Syracuse, NY; and 4University of Louisville,
Louisville, KY.
Purpose: In the Anniston Community Health Survey (ACHS, 2005-7), PCB
exposures were previously associated with diabetes and liver disease.
In ACHS-II, 345 participants of ACHS were re-examined in 2014. In addition to the same 35 mono-ortho PCBs measured originally in ACHS,
dioxin-like PCBs, dioxins (PCDDs), and dibenzofurans (PCDFs) were also
measured in ACHS-II. Cytokine abnormalities have previously been associated with diabetes, liver disease, and PCB/dioxin exposures, including
ACHS. The purpose of this study was to determine if cytokine levels were
associated with PCB and dioxin exposures in ACHS-II. Methods: Serum
cytokines were measured by multi-plexed immunoassays. Univariate
and multivariate linear regression associations between log-transformed exposure biomarkers [the sum of the 35 mono-ortho PCB congeners - ∑PCB; and the total dioxin toxic equivalency - TEQ (sum of
PCDDs, PCDFs, and dioxin-like non-ortho- and mono-ortho PCBs TEQs)]
and cytokine biomarkers were determined. Adjustments were made
for age, sex, and race. Lipid adjusted values were used to calculate the
total dioxin TEQ. Likewise, for ∑PCBs, the statistical model was adjusted
for total serum lipids. Results: ∑PCB was inversely associated with both
insulin and HOMA-IR, a biomarker of insulin resistance. Total dioxin TEQ
was positively associated with the pro-inflammatory cytokine, TNFα;
the pro-fibrotic cytokine TGFβ1; as well as TGFβ2 and TGFβ3 which are
important in developmental biology. Total dioxin TEQ was inversely
associated with HOMA-B, a biomarker for pancreatic insulin production.
Conclusions: Exposures to PCBs and other dioxin-like molecules were
significantly associated with serologic biomarkers of glucose metabolism, inflammation, and fibrosis. The potential mechanistic impact of
these PCB/dioxin-associated cytokine changes on the genesis and progression of diabetes and liver disease will be investigated in the future.
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Polychlorinated Biphenyls, and Pesticides from
the Anniston Community Health Survey FollowUp

1300 Low-Level Arsenic Exposure from Drinking
Water and Prostate Cancer in Iowa

T. Roh, C. Lynch, P. Weyer, K. Wang, and G. Ludewig. University of
Iowa, Iowa City, IA.
Inorganic arsenic is the most toxic naturally occurring element in the
Midwest with its detection rate in drinking water increasing. Similarly,
prostate cancer is the most frequent type of cancer in men in Iowa
and the US. A positive association of arsenic exposure with prostate
cancer has been proposed, but epidemiologic studies are sparse,
mostly focusing on high level exposures. As drinking water is a major
source of arsenic exposure, we conducted an ecologic study comparing
arsenic in drinking water and prostate cancer. Arsenic data from public
water system in Iowa were obtained from the Iowa Safe Drinking Water
Information System during 1994-2003 and for private wells from two
Iowa well water studies (ICPWS 2002-2003, SWRL2 2006-2008). Prostate
cancer data from 2009 to 2013 for 87 Iowa counties were obtained
from the Surveillance, Epidemiology and End Results (SEER) program.
Standard and spatial Poisson regressions were conducted to estimate
the relative risks of prostate cancer by tertiles of arsenic level at a county
level, adjusted for demographic and risk factors. Average arsenic levels
varied from 1.19 to 20.5 ppb, with 3 counties above the 10 ppb limit.
Spatial Poisson regression model analysis showed that the relative risks
of prostate cancer were 1.11 (95% CI, 1.05-1.18) and 1.44 (95% CI, 1.361.52) in the groups of counties with the medium (2.24-3.11 ppb) and
high (3.12-20.5 ppb) arsenic level (p-trend < 0.001), compared to the
group of counties with low (1.19-2.23 ppb) arsenic level after adjusting
for poverty, smoking, drinking, and obesity rates for each county. These
data show a significant dose-dependent association between low-level
arsenic exposure and prostate cancer. Individual-level analysis is needed
to see if these findings can be replicated.

1301 Associations of Serum Levels of Folate and

Vitamin B12 with Urinary Arsenic Concentrations
in US Adults
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Y. Wei3, J. Zhu2, Y. Gao1, and D. Sun1. 1Chinese Center for Disease
Control and Prevention, Harbin Medical University, Harbin, China;
2Fort Valley State University, Fort Valley, GA; and 3Mercer University
School of Medicine, Macon, GA.
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Arsenic metabolism is considered one of the important mechanisms
responsible for arsenic toxicity. Serum levels of folate and cobalamin
(vitamin B12) could affect arsenic metabolism (methylation) as they
act as cofactors for methionine synthase that converts homocysteine
(Hcy) to methionine in the methionine cycle providing methyl donors
essential for methylation reactions in many biological processes. In this
study, we examined the association of serum levels of folate and vitamin
B12 with urinary arsenic concentrations, and the relationship between
serum levels of folate and vitamin B12 and Hcy in adults who participated in the 2003-2006 US National Health and Nutrition Examination
Surveys. A total of 1930 adults (aged 20-85 years) were analyzed for
the association using multivariate general linear and logistic regression
models, adjusting for age, sex, race/ethnicity, family income, education,
cigarette smoking, alcohol consumption, BMI, home water source, and
rice consumption. Urinary total arsenic (tAs), and dimethylarsinic acid
(DMA), the most abundant metabolite of inorganic arsenic measured
in urine, were analyzed. We observed that serum levels of folate and
vitamin B12 were positively associated with creatinine-corrected urinary
concentrations of tAs and DMA, of which more significant associations
were seen with DMA. Furthermore, serum levels of folate and vitamin
B12 were inversely associated with Hcy. These results suggest that
dietary intake of folate and vitamin B12 may exhibit protective functions
against arsenic toxicity by decreasing serum levels of Hcy and increasing
arsenic metabolism to the less toxic metabolite DMA. Further studies are
needed to explore these interactions.

1302 Low-Level Arsenic Exposure during Pregnancy

in the 3xG Cohort in Flanders: Associations with
Maternal Oxidative Stress and Reduced Birth
Weight

N. Lambrechts3, E. Govarts3, A. Colles3, S. Remy3, B. Morrens2, E. Van
de Mieroop1, E. Den Hond1, V. Nelen1, I. Loots2, and G. Schoeters3.
1PIH, Antwerp, Belgium; 2University of Antwerp, Antwerp, Belgium;
and 3VITO, Mol, Belgium. Sponsor: L. Aylward.
Increasing epidemiologic evidence indicates that low level arsenic (As)
exposure affects adverse pregnancy outcomes. The adverse outcome
pathways from As exposure during pregnancy need further clarification.
This study investigates whether urinary As species and As methylation
efficiency are associated with oxidative stress during pregnancy and
birth weight in 151 mother-child pairs of the 3xG cohort in Flanders,
Belgium (2012-2015). Urine samples were collected between 25 and 35
weeks of gestation and different As species (inorganic As (iAs; As(III),
As(V)), monomethylAs acid (MMA) and dimethylAs acid (DMA)) were
measured using HPLC-IC-MS. Multiple linear regression analyses were
performed to evaluate the associations between As exposure and oxidative stress, measured by the amount of 8-hydroxy-2’-deoxyguanosine (8-OHdG, ln-transformed) in the same urine samples (ELISA), as
well as birth weight. The associations for 8-OHdG were adjusted for
age and smoking before sample collection, and those for birth weight
for age and BMI of the mother, gender of the baby, gestational age,
and smoking during pregnancy. With increasing levels of MMA levels,
urinary 8-OHdG concentrations increased with 24% (µg/l) (95% CI=0.551.7%), while the birth weight decreased with -176,71 g (95% BI: -337.84;
-15.59). Further, a decreasing trend between the secondary methylation
index (=DMA/MMA) and 8-OHdG was found (β=0,998 (95% CI=0.9961.000)). No significant associations were observed for SMI and birth
weight, and for iAs, DMA and the primary methylation index (=MMA/
iAS) with 8-OHdG as well as birth weight. Based on mediation analysis,
8-OHdG could not be demonstrated to mediate the MMA-associated
reduction in birth weight in this study. Together, these data indicate
that in a region with a relatively low environmental As burden, oxidative
stress during pregnancy is associated to the toxic metabolite MMA and
with less efficient As detoxification efficiency. Furthermore, this same
monomethylated As-species seems to affect the birth weight of these
women’s children. This underscores the risks of low level As exposure to
vulnerable populations. (The 3xG study is part of the cAT project, funded by
NIRAS and the local partnerships MONA and STORA)

1303 Quantitative Assessment of Lung and Bladder
Cancer Risk and Oral Exposure to Inorganic
Arsenic: Meta-Regression Analyses of
Epidemiological Data

D. M. Pizzurro1, H. N. Lynch1, K. Zu1, E. M. Kennedy1, T. Lam1, X.
Liu1, C. T. Loftus2, and L. R. Rhomberg1. 1Gradient, Cambridge, MA;
and 2Gradient, Seattle, WA.
Inorganic arsenic (iAs) in drinking water varies geographically and is
prevalent worldwide. Exposures in the US are generally low, while other
areas, such as parts of South America and Asia, have higher levels of
naturally occurring iAs in water (potentially >100 μg/L). Much of the evidence for the association between iAs and cancer comes from epidemiological studies conducted with more highly exposed populations, which
also have distinct underlying characteristics, making extrapolating these
studies’ findings to Western populations difficult. To address whether
and how one should extrapolate from these high-exposure studies to
estimate cancer risk at lower exposures, we conducted an independent
analysis of carcinogenicity associated with oral iAs exposure, which
included determining the most appropriate cancer endpoints, studies,
and models to evaluate for this purpose. We identified bladder and lung
cancer as high-priority endpoints and used meta-analysis and meta-regression to pool epidemiological data across studies from different
regions of the world to derive oral cancer slope factors and unit risks
(excess risk per µg/L) for oral iAs exposure based on background risks
of bladder and lung cancer in the US. While we derived these factors
assuming a linear, no-threshold relationship between iAs and cancer
risk, we also evaluated the evidence for non-linear dose-response relationships and thresholds for each cancer. Our analysis indicated that
the incremental risks of bladder and lung cancer associated with iAs
exposure were relatively low. The sensitivity analyses we conducted
suggested that South Asian populations appeared to drive the pooled
cancer risk estimates, but many of the other assumptions we tested
did not substantially alter the results of our analysis. Finally, we found
that the mode of action evidence supports there being a threshold, but
making a robust quantitative demonstration of a threshold using epidemiological data is difficult. When considered in the context of typical

exposure levels in the US, our potency estimates suggest that iAs-induced cancer risk is much lower than observed bladder and lung cancer
incidences. This suggests that the low iAs levels to which much of the
general US population is exposed likely do not result in substantial additional cancer risk above background.

1304 Lung Cancer Risk over the Range of 1-200 ug/L
Arsenic in Drinking Water follows a LinearQuadratic Model

S. Lamm1,3,4, H. Ferdosi1, E. Dissen1, J. Li1, and J. Ahn2. 1CEOH,
LLC., Washington, DC; 2Georgetown University, Washington, DC;
3Georgetown University School of Medicine, Washington, DC; and
4Johns Hopkins University Bloomberg School of Public Health,
Baltimore, MD.
High levels (> 200 ug/L) of arsenic in drinking water are known to be
a major risk factor for lung cancer. However, the risk pattern at lower
levels of arsenic exposure is not clear. We have conducted a systematic
review of the literature to identify those studies that have examined
lung cancer risk with arsenic in drinking water which have data points at
greater than or near 200 ug/L and at greater than or near 1-10 ug/L. The
most recent data presentations of each study were used in our analyses
with the lowest exposure group in each study as the reference population. Individual study results were examined on a log-log plot of log
relative risk versus log arsenic (ug/L). Meta-regression analysis was conducted [Lamm et al. Int J Environ Res Pub Health, 2015; 12:15498-15515].
Six studies were found to meet the entry criteria - two ecological studies,
three case-control studies, and one cohort study. The study data did
not fit a linear model. The best-fitting continuous model for each study
and for all studies together was a no-constant linear-quadratic model.
The linear co-efficients were negative, and the quadratic co-efficients
were positive. Models for ecological and non-ecological showed similar
results. The X-intercept of the meta-regression for all studies together
was 136 ug/L and those for studies grouped by study design ranged
from 97 ug/L to 207 ug/L. No increased risk of lung cancer was demonstrably shown below these levels. Dose-response meta-regression analysis of lung cancer risk with respect to drinking water arsenic exposure
level showed no increased risk below about 136 ug/L with a superlinear
(quadratic) risk at higher exposure levels.

1306 The PhenX Toolkit: A Resource for Standard
Phenotype and Exposure Measures for
Pregnancy and Environmental Research

M. J. Phillips4, A. K. Malinowski2, E. Hines5, S. M. Dolan1, R. Boyles4,
L. Kilpatrick4, T. Hendershot4, E. M. Ramos3, and C. M. Hamilton4.
1Albert Einstein College of Medicine / Montefiore Medical
Center, Bronx, NY; 2Mt. Sinai Hospital, Toronto, ON, Canada;
3National Human Genome Research Institute, Bethesda, MD; 4RTI
International, Raleigh, NC; and 5US EPA, Research Triangle Park,
NC.
The PhenX (Phenotypes and eXposures) Toolkit is a Web-based catalog
of measures (https://www.phenxtoolkit.org/). It contains well-established, broadly validated measures of phenotypes and exposures for
use in epidemiologic and biomedical research. Included are detailed
protocols and tools to help investigators integrate PhenX measures into
studies, with the goal of standardizing data collection, ease of interpretation, and comparability across studies. The Pregnancy Working Group
(WG) used the PhenX consensus process to choose and recommend a
standard set of pregnancy-related measures. The WG members have
expertise in obstetrics, maternal-fetal medicine, pediatrics, reproductive
genetics, epidemiology, biostatistics and toxicology. The individual WG
members presented their recommendations for high priority pregnancy
measures and associated protocols for collecting data and biological
specimens to the larger group. The focus of the WG was to identify a
broad set of measures that covers the pregnancy domain. The pregnancy measures and corresponding protocols chosen for inclusion in
the PhenX Toolkit include gestational age, current pregnancy status,
mode of conception, mode of delivery, fetal growth, peri/postnatal
depression, health and wellness during pregnancy, gestational diabetes,
pregnancy family history, and environmental biomarkers. The environmental biomarker measures for concentrations of metals, and for concentrations of phenols and parabens complement the more than 30
other exposure measures in the Toolkit. More specifically, the measure
for concentrations of phenols and parabens compliments the existing
measures for consumer product use and exposures to floor and wall
materials. When data can be combined and compared across multiple
studies, the potential for meaningful results is greatly increased. With
nearly 500 measures, the PhenX Toolkit provides the research community with high-quality, well-established, low-burden measures to accomplish this aim and to strengthen collaborative pregnancy research.

Function Rather Than a Linear Function

J. Ahn2, H. Ferdosi1, and S. Lamm1,4,3. 1CEOH, LLC., Washington, DC;
2Georgetown University, Washington, DC; 3Georgetown University
School of Medicine, Washington, DC; and 4Johns Hopkins
University Bloomberg School of Public Health, Baltimore, MD.
While the dose-response relationship for the carcinogenic effects of
arsenic exposure on bladder and lung cancers have been shown to be
non-linear with no or little increase below about 150 ug/L in drinking
water, no association study of the non-carcinogenic cardiovascular
effects and arsenic exposure has been conducted. Aortic strain and
aortic distensibility, simple and useful parameters derived from transthoracic echocardiography, are considered predictive of future cardiovascular events. Previous \ analytic methods have been limited to linear
models. Karakulak et al. (2016) have reported the aortic strain and aortic
elasticity findings for 112 arsenic-exposed workers and 60 healthy controls with respect to urinary arsenic levels (range: 25-415 ug/L) as the
measure of exposure. Linear regression analysis was presented to identify determining factors with 95% confidence intervals. We have examined the validity of the linear model and developed an alternative nonlinear model that better fits the data. The original linear model of aortic
strain (%) by urinary arsenic (ug/L) was y = -0.023x + 12.6 with r = -0.306
and p = 0.001 or (R2= 0.1453 and p < 0.0001). However, this model does
not fit well because a standardized residual plot by the predicted value
for aortic strain demonstrates the absence of homoscedasticity. The
residuals are not symmetrically distributed across the range of predicted
values. For example, for predicted values >= 8.5%, the distribution was
symmetrical, but for predicted values < 8.5%, the distribution was linear
and positive rather than symmetrical. The data show one population
for urinary arsenic <= 160 ug/L reasonably symmetrical about a mean
of 11.3% and a second population for urinary arsenic > 160 ug/L with
a mean about 5.3%. Thus, a reduction in aortic strain is observed for
arsenic-exposed workers with a urinary arsenic > 160 ug/L (and presumably an increased risk of a cardiovascular event) and not for arsenic-exposed workers with a urinary arsenic level of <= 160 ug/L. Similar results
were seen for aortic distensibility. Aortic elasticity parameters show an
adverse effect from arsenic exposure only at urinary exposure levels of
> 160 ug/L and not below - a step-function rather than a liner function.

1307 Maternal Tobacco Use: A Third-Trimester Risk
Factor for Small for Gestational Age (SGA)
Infants

S. Lamm1, H. Ferdosi1, N. A. Afari-Dwamena1, L. Qian1, E. Dissen1,
R. Chen2, M. Feinleib3, and J. Polifka4. 1CEOH, LLC., Washington,
DC; 2Georgetown University, Washington, DC; 3Johns Hopkins
University, Baltimore, MD; and 4University of Washington, Seattle,
WA.
While small for gestational age (SGA) is a well-known consequence of
maternal smoking, the magnitude of risk by week of gestational age
has not been elucidated. To assess that risk, we analyzed the 1990-2009
birth certificate data for central Appalachian states. Singleton live births
(N = 3,032,928) with birth weight, gestational age (22-44 weeks), and
maternal tobacco use history were categorized as SGA or not, based
on 10th percentile gender-specific weights-for-age. SGA prevalence was
analyzed for tobacco users and for tobacco non-users, yielding relative
risks and odds ratios. Gestational week-specific rates, rate differences,
and multivariate logistic adjusted odds ratios were also analyzed. SGA
prevalences among tobacco users (19.5%) and non-users (9.1%) yielded
a significant SGA prevalence rate ratio and a significant odds ratio of
2.1 and 2.4, respectively. The pattern for SGA by gestational week was
similar for comparative rates, rate differences, and adjusted odds rates.
The rate for tobacco non-users was steadily near 9% across the gestational age range of 22 to 44 weeks. The rate for tobacco users was steady
until week 33 when it rose monotonically through week 37 to about
20% at week 38 and remained high. Tobacco use was not seen to be
an SGA risk factor for births of gestational age of 33 weeks or earlier.
The magnitude of tobacco use as an SGA risk factor for third-trimester
births increased during the period of premature birth and became fully
evident with a two-fold risk for full term infants. We newly report the
temporal pattern of tobacco-related SGA by week of gestational age.
Tobacco-related SGA was only seen for third trimester births - increasing
during weeks 33 through 37 with a doubling during weeks 38-44.
This pattern is informative for issues of mechanism and highlights the
benefit of extending tobacco cessation programs through the third trimester of pregnancy.
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1308 Meta-Analysis of Hexavalent Chromium and
Stomach Cancer

M. Suh, L. Mittal, and D. Proctor. ToxStrategies, Mission Viejo, CA.
Hexavalent chromium [Cr(VI)] is a known human lung carcinogen by
inhalation, but no consistent association has been observed for non-respiratory cancers among workers exposed to Cr(VI). Three published
meta-analyses investigated possible association between Cr(VI) exposure and stomach cancer. Two studies reported no significant association
between Cr(VI) exposure and stomach cancer; one observed statistically
elevated risk. However, the inclusion criteria were not consistent across
studies, and some were criticized for including studies of workers with
limited or no Cr(VI) exposure, excluding eligible studies, or including
environmentally-exposed populations. To evaluate the potential for
increased cancer risk among Cr(VI)-exposed workers and the basis for
varying conclusions, we assessed the Cr(VI) epidemiology literature for
stomach cancer risk measures and previously published meta-analyses,
updating with newly published studies and including subgroup analyses to assess the effect of differing inclusion criteria. Sensitivity analyses
were conducted to explore the robustness of our findings; heterogeneity of study populations and publication bias were also evaluated. We
identified 225 studies for potential inclusion, and 45 studies were found
to be eligible. When registry studies and proportionate mortality ratio
studies were removed, heterogeneity was substantially minimized (I2 =
18.9%) and stomach cancer risk was not significantly increased (meta-RR
= 1.08; 95% CI 0.96 to 1.21, 39 studies). Subgroup analyses based on
cohort studies (stomach cancer meta-RR = 1.04, 95% CI 0.92 to 1.17, 34
studies, I2 = 20.8%) or studies of workers in industries with increased
lung cancer risk (stomach cancer meta-RR = 1.13, 95% CI 0.93 to 1.38, 19
studies, I2 = 24.5%) showed no significant associations. Compared to the
previous analyses, these results highlight the importance of inclusion
criteria. Additionally, analyses conducted to date have not consistently
evaluated measures of study quality and validity, which could impact
the overall conclusions especially considering that most studies did not
account for known risk factors, such as smoking and asbestos exposure.
As such, it was determined that a systematic assessment of the body
of literature with updated inclusion/exclusion criteria relative to previous assessments, and considerations for internal and external validity,
would allow for refined characterization and quantification of possible
association between Cr(VI) exposure and stomach cancer.
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Hydrocarbons and Female Breast Cancer
Incidence in US

W. P. Stults, and Y. Wei. Mercer University School of Medicine,
Macon, GA.
Breast cancer is one of the most commonly diagnosed cancers among
women in the United States. However, the exact etiologic factors
behind this are still not fully understood. In this study, we examined
ambient air pollutants, specifically polycyclic aromatic hydrocarbons
(PAHs), as a possible factor in the geographic variation of breast cancer
incidence seen in the US. PAHs emission data were obtained from the
Environmental Protection Agency and breast cancer incidence data
were from the Surveillance, Epidemiology, and End Results (SEER)
program. Age-adjusted incidence rates of female breast cancer were
found being higher in urban and more industrialized SEER regions over
the years of 1973-2013. A total of 199 counties nationwide were analyzed for an association between PAHs emission density and breast
cancer incidence by linear regression analysis using SPSS 22.0 software
for Windows. After adjusting for sex, race, education, socioeconomic
status, obesity and smoking prevalence, PAHs emissions were found to
be significantly associated with breast cancer incidence [adjusted β =
0.254 (95% CI: 0.143, 0.366); p < 0.0001]. This study suggests that PAHs
exposure from ambient air may increase the risk of female breast cancer
and contribute to geographic variations in breast cancer incidence.

1310 Interaction of Co-Exposure to Aflatoxin B1 and

Fumonisin B1 on the Risk of Human Esophageal
Cancer in Huaian City, China

K. S. Xue3, L. Xu3, Q. Cai3, S. Wang2, X. Hu1, G. Sun2, L. Tang3, and
J.-s. Wang3. 1Center for Disease Control and Prevention, Chuzhou
Branch, Huaian, China; 2Southeast University, Nanjing, China; and
3University of Georgia, Athens, GA.
Dietary exposure to fumonisins has been linked with increased risk to
esophageal cancer in several high risk areas. Co-contamination of aflatoxin B1 (AFB1) and fumonisin B1 (FB1) in food has also been reported in
several studies all over the world, particularly from Asia, South America,
and Africa; consequently, interaction between these two significant

mycotoxins may play a combinative role in development of cancer in
these high risk areas. To evaluate the potential interaction between AFB1
and FB1 in the etiology of human esophageal cancer, a population-based
case-control study was conducted in a high-risk area of esophageal
cancer in Huaian City, China. A total of 190 esophageal cancer patients
and matched 380 healthy controls in age, gender, and residential village,
were recruited in 5 townships of Cuzhou District, Huaian City in two
consecutive years. Questionnaire data, urine and blood samples were
collected from the study subjects, and analyses were performed for
various biomarkers, including AFB1 and FB1 biomarkers, oxidative DNA
damage biomarkers, and genetic polymorphisms for carcinogen metabolism genes, DNA repair genes, and inflammation-associated genes. A
conditional logistic regression model was used to compute odds ratio
(OR) and 95% confidence intervals (95% CIs) to evaluate the associations
of the exposure biomarkers of AFB1 and FB1 with the risks of esophageal cancer. The synergism index (SI) was also calculated to investigate
the possible interaction between these two mycotoxins’ exposure. The
statistical analysis revealed that both urinary FB1 (OR=4.66, 95% CI: 2.219.81, p<0.001) and serum AFB1-lysine adduct (OR=3.48, 95% CI: 2.125.71, p<0.001) were significant risk factors for esophageal cancer. The
interaction between FB1 and AFB1-lysine adduct was low synergistic as
demonstrated by 2.77 of SI. Results of this study strongly suggested that
there is a potential interaction, maybe synergistic effect, for co-exposure
to AFB1 and FB1 in the etiology of human esophageal cancer in this high
risk area.

1311 Risk Assessment Calls for Standard Guidelines

for Exposure Characterization in Epidemiology
Studies

H. N. Lynch2, J. E. Goodman2, and Z. Yan1. 1Dow AgroSciences,
Indianapolis, IN; and 2Gradient, Cambridge, MA.
Toxicology and epidemiology are considered two related, but distinct,
disciplines; but both are used to inform hazard and risk assessment
in regulatory settings. While toxicology studies involve controlled,
quantifiable exposures that are often administered according to standardized protocols (e.g., Organisation for Economic Co-operation and
Development [OECD] test guidelines), estimating exposure in observational epidemiology studies is challenging, and there is no established
guidance for doing so. However, there are several frameworks for evaluating the quality of published epidemiology studies. We have developed methodology and reporting standards for epidemiology studies
based on a critical review of standardized toxicology protocols (e.g.,
Good Laboratory Practice [GLP] and OECD test guidelines) and available frameworks for evaluating epidemiology study quality. Our standards include, for example, requirements for consideration of relevant
exposure matrices (e.g., blood, urine) and metric(s) (e.g., cumulative
versus average exposure and personal versus area exposure) for the
chemical(s) of interest, and the consistent measurement of exposure
across study groups. We illustrate the importance of these standards
using organophosphate pesticides as an example. Establishing “GLPequivalent” guidelines for epidemiology studies is critical for facilitating
scientifically sound regulations based on human evidence.

1312 Study of the Effect of Graphene Nanoplatelets
on Lung and Lymph Nodes

Yang2,

J.-y.
J. K. Lee2, J. H. Seok2, H. S. Roh2, S. Cho2, T. S. Kim2,
2
J. Jeong , K. M. Lim1, H.-K. Park2, and S. Sohn2. 1Ewha Womans
University, Seoul, Korea, Republic of; and 2National Institute of
Food and Drug Safety Evaluation, Cheongju-si, Korea, Republic of.
Background: Graphene, a two-dimensional monocrystalline layer of
carbon atoms, has potential in many applications not only in material
sciences, but also in the biomedical fields, but there is little information
about the role of surface modification on the toxicity of graphene-based
nanomaterials. Here, we evaluated the role of surface functionalization
of the graphene nanoplatelets (GNPs) on the pulmonary inflammogenicity and translocation into mediastinal lymph nodes using a rat intratracheal instillation model. Methods: Six types of GNPs were used: All
types of GNPs were based on the pristine GNPdot, and different functional groups were conjugated onto them including a GNPCOOH, GNPO2,
GNPN2, GNPF, and GNPNH2. All types of GNPs showed very high potential
for the generation of reactive oxygen species (ROS) in a dose-dependent
manner when measured by a 2’7’-dichlorofluorescin diacetate assay.
GNPs were instilled into the lungs of rats at 0.3 and 1 mg for the evaluation of acute (24 h) inflammation and at 3 mg for chronic (1 and 4 weeks)
inflammation. Results: At 24 h after instillation, all types of GNPs showed
good dose-dependent increases in polymorphonuclear leukocytes with
a clear dose-dependency although significant increases compared to
vehicle control were found only in positively charged GNPs (GNPN2
and GNPNH2). While the acute inflammation in all treatment groups

1313 Positively Charged Nanoparticles Lead to

Artifacts in a Caenorhabditis elegans Toxicity
Assay

S. K. Hanna, A. R. Montoro Bustos, A. W. Peterson, V. Reipa, L. D.
Scanlan, S. Hosbas Coskun, T. J. Cho, M. E. Johnson, V. A. Hackley, B.
C. Nelson, M. R. Winchester, J. T. Elliott, and E. J. Petersen. National
Institute of Standards and Technology, Gaithersburg, MD.
The increased use and incorporation of engineered nanoparticles (ENPs)
in consumer products requires a robust assessment of their potential
environmental implications. However, a lack of standardized methods
for nanotoxicity testing has yielded an array of contradictory results that
most likely stem from improper ENP characterization and use of assay
methods not designed for ENPs. These assays may work appropriately
for some ENPs with minimal modifications but cause artefactual results
for others. Therefore, understanding the robustness of assay methods
for a range of ENPs is critical. In this study, we tested a variety of ENPs
including silicon (Si), polystyrene (PS), and gold (Au) with different
charged coatings in a standard Caenorhabditis elegans toxicity assay and
two additional assays to examine the robustness of these assays with
a range of ENPs. Of all of the ENPs tested, only those with a positively
charged coating had any toxic effect on growth of C. elegans using the
standard toxicity assay. Most of the positively charged ENPs bind and
agglomerate Escherichia coli cells, impacting the ability of nematodes
to feed, and leading to a false positive toxic effect on C. elegans growth
and reproduction. We then tested these ENPs in two additional assays to
further investigate their potential ecotoxicity and found greatly reduced
toxicity of ENPs at the concentrations tested. These results indicate the
need for testing the robustness of standardized toxicity methods for use
with ENPs and evaluating ENP specific artifacts that can be induced in an
organism toxicity assay before test results are interpreted and used for
risk assessment decision making.

1314 Cytogenotoxicity and Oxidative Stress in Clarias
gariepinus (Burchell 1822) Exposed to Silver,
Copper Oxide Nanoparticles, and Their Mixture

O. I. Ogunsuyi, O. M. Fadoju, A. O. Olubukola, C. G. Alimba, O.
A. Adaramoye, and A. A. Bakare. University of Ibadan, Ibadan,
Nigeria.
Silver (Ag) and copper oxide (CuO) nanoparticles (NPs) are metal and
metal oxide nanoparticles that are widely used in numerous products
because of their antimicrobial and thermo-physical properties respectively. Due to the increasing utilisation of Ag NPs and CuO NPs in commercial products, large amount of these NPs and their mixture may arise
in the environment causing deleterious effects in both humans and the
natural biota. However, there is paucity of information on the adverse
effect of these NPs and their co-exposure on the aquatic environment.
Therefore, investigations on the cytogenotoxicity and mechanism of
action of these NPs and their mixture (1:1) were carried out using the
micronucleus (MN) assay and haematological analysis in peripheral
blood, and evaluation of oxidative stress biomarkers [malondialdehyde
(MDA), catalase (CAT), reduced glutathione (GSH) and superoxide dismutase (SOD)] in the liver homogenates of Clarias gariepinus exposed
to five sub - lethal concentrations (6.25, 12.5, 25, 50 and 100 mg/L) of
these NPs and their mixture for 28 days. Dechlorinated tap water and
benzene (0.05 mL/L) served as negative and positive controls, respectively. Ag NPs, CuO NPs and their mixture caused significant (p < 0.05)
increase in MN frequency as well as increase in other nuclear abnormalities (blebbed, binucleated and notched) compared to the control.
Interaction analysis of data indicates antagonistic cytogenotoxic effect
of the two NPs. In addition, haematological analysis revealed reduction in red blood cell counts, haemoglobin concentration, packed cell
volume and an increase in white blood cell counts in peripheral blood
exposed C. gariepinus compared to the control. Concomitantly, the
levels of MDA, GSH and SOD increased while CAT decreased in in the
liver of C. gariepinus exposed to the NPs. These suggest that exposure
of aquatic organisms to Ag NPs, CuO NPs and their mixture may be of
somatic mutation risk via oxidative damage.

1315 Life Cycle Assessment of Pre- and Post-

Incinerated Organomodified Nanoclay for
Pulmonary Inflammation and Fibrotic Potential

T. A. Stueckle1, D. C. Davidson1, R. Derk1, T. Kornberg1, L. Battelli1,
S. Friend1, A. Wagner2, R. Gupta2, C. Z. Dinu2, D. W. Porter1, and L.
Wang1. 1NIOSH, Morgantown, WV; and 2West Virginia University,
Morgantown, WV.
Organomodified nanoclays (ONC), clay particles with organic coating,
are projected to experience large scale use in a wide range of nanomaterial-enabled plastic composites. However, little is known about risks
to worker pulmonary health during manufacturing and end-of-life disposal (i.e. incineration). This study aimed to assess how physicochemical properties of pre- and post-incinerated montmorillonite nanoclay
(Cloisite Na+; UC) and ONC (Cloisite 30B; CC) impact lung inflammation
and fibrotic potential following exposure. Fly ash from incinerated UC
(iUC) and CC (iCC) were collected and characterized. Pre-incinerated
UC and CC exhibited single or stacked platelet morphology with mean
particle diameters (dH) 209.7 and 759.2 nm, respectively. iUC and iCC
possessed amorphous or rough, pitted morphology with dH of 873.3 and
1340 nm, respectively. Six week old male C57BL/6 mice were exposed
via oropharyngeal aspiration to low (30 µg/mouse) and high (300 µg/
mouse) doses of well-characterized, pre- and post-incinerated pristine
and organomodified nanoclay. Crystalline silica (CS; 564.7 nm) acted as
a benchmark particle control. Bronchoalveolar lavage (BAL), lung, and
blood tissues were collected on Days 1, 7, and 28 to evaluate dose- and
time-dependent airway damage, inflammation, and early indicators
of fibrotic potential. BAL fluid was subjected to an inflammatory cytokine multiplex screen and airway damage assays. UC exposure caused
a dose-dependent robust inflammatory response characterized by
transient neutrophilia and eosinophilia. Conversely, both high dose CC
and iCC exposure resulted in elevated airway damage, but low grade
inflammation persisting to Day 28, similar to CS. High dose iUC exposure caused transient inflammation with low airway damage. High dose
UC and CS caused distinct, unique inflammatory signatures, while high
dose CC signature overlapped both UC and CS. CC and iCC exhibited a
distinct pro-fibrotic signature with persistent elevated MIP-1α, MMP9,
and TGFβ, with lowered FGFb, which correlated with in vitro collagen I
production in lung fibroblasts at the equivalent high dose. In conclusion,
particle coating, number, size, and incineration status across the ONC
life cycle determine pulmonary inflammation and fibrogenic response.
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1316 Inhalation of ZnO Nanoparticles and Gene
Expression Changes in Mice

P. Rossner4, K. Vrbova4, S. Strapacova5, A. Rossnerova4, A. Ambroz4,
T. Brzicova4, V. Holan4, E. Javorkova4, A. Zajicova4, P. Kulich5, Z.
Vecera2, P. Mikuska2, O. Sery3, I. Misek3, K. Fiser1 , A. Dobiasova1,
M. Machala5, and J. Topinka4. 1Charles University Prague and
University Hospital Motol, Prague, Czech Republic; 2Institute of
Analytical Chemistry, Brno, Czech Republic; 3Institute of Animal
Physiology and Genetics, Brno, Czech Republic; 4Institute of
Experimental Medicine, Prague, Czech Republic; and 5Veterinary
Research Institute, Brno, Czech Republic.
Despite the wide application of nanomaterials (NM), toxicity studies of
nanoparticles (NP) are mostly limited to in vitro cell models; the biological impact of NP exposure in mammals is not well characterized.
To evaluate possible biological effects of NP exposure, adult female
ICR mice were treated by inhalation of zinc oxide NP (6.46x104 and
1.93x106 NP/cm3) for three days and three months to mimic acute and
chronic effects. To analyze gene expression changes, mRNA from lung
tissue was extracted. Additionally, to study potential immunotoxic
and immunomodulatory effects of ZnO NP, spleen cells from mice
after three months exposure to ZnO were isolated. The expression of
genes involved in processes relevant to expected biological effects of
NP (oxidative stress, immune response, inflammation, apoptosis, DNA
damage and repair, and cell cycle regulation) was analyzed using the
next-generation sequencing (MiSeq, Illumina). Apart from differential
gene expression analysis, the detection of alternative splicing events
associated with the inhalation of NP was conducted. The three days
exposure resulted in the up-regulation of IL-6 and down-regulation
of NF-kB mRNA expression; the three months exposure increased the
expression of NQO-1, HMOX-1, MPO, TXNRD1, FAS, GCLM, GSR, GCLC,
PTGS2, SRXN1 and PTGS1 mRNA. The analysis of alternative splicing (AS)
revealed that the three days exposure increased the frequency of AS
events (skipped exons) of TRAF6 and TXNRD1 genes. In the spleen cells,
ZnO exposure caused significant decrease in the percentage of granulocytes, specifically eosinophils and neutrophils. However, the production
of pro-inflammatory and anti-inflammatory cytokines was not affected.
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was returned to control levels at 1 and 4 weeks after instillation, GNPs
showed similar patterns of translocation into the mediastinal lymph
nodes with a higher degree over time. Conclusion: This study implies
that the main factors of GNPs for producing lung inflammation are the
potential for ROS generation and surface charge. In addition, functional
groups on the GNPs might not play an important role in the extrapulmonary translocation into the mediastinal lymph nodes.

In summary, our study indicates changes in differential gene expression
and induction of alternative splicing following ZnO NP exposure. The
impact on immune response in spleen cells is minor. Supported by the
Ministry of Youth, Education and Sports of the Czech Republic (LO1508) and
Czech Science Foundation (P503/12/G147).

1317 Titanium Dioxide Nanoparticle-Induced
Testicular Toxicity in Mice

N. Miura, and K. Ohtani. Japan National Institute of Occupational
and Health, Kawasaki, Japan.
Nanosized titanium dioxide (TiO2) is manufactured worldwide in large
quantities for use in a broad range of applications such as cosmetics,
pigments, and antibacterial agent. Recent works indicate that nanosized paticles (and their chemical compounds) possess testicular function toxicity. In this study, we examined the effect of TiO2 on testicular
function in mice. TiO2 (Aeroxide P25; TiO2-P25) were dispersed in disodium phosphate solution (DSP) by sonication. Male C57BL/6J mice were
injected TiO2 intravenously at 0, 1, 2 or 10 mg/kg body weight, once per
week, for 4 weeks. Mice were sacrificed 3 days and 90 days after the last
treatment. Although TiO2-P25 significantly reduced sperm numbers in
addition to sperm motility at 3 days after the last injection, TiO2-P25 had
no effect at 90 days after. Plasma testosterone concentrations at day
three were not different between control group and TiO2-P25 injection
groups. Further, we observed no significant histological change in testis
among control group and TiO2-P25 injection groups. Our results indicated that nanosized TiO2 possesses adverse effect on testicular function in mice.

1318 Characterization of Acute In Vitro and In

Vivo Toxicity of Boron Nitride Nanotube and
Byproducts following Dispersion

V. K. Kodali, J. R. Roberts, M. Shoeb, W. G. Michael, T. Eye, M.
Barger, K. A. Roach, S. Friend, D. Schwegler-Berry, D. Porter, and A.
D. Erdely. NIOSH, Morgantown, WV.
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Boron nitride nanotubes (BNNTs) are an emerging engineered nanomaterial attracting significant attention due to superior electrical, chemical,
and thermal properties. Despite promising potential, the toxicity profile
of this material is largely unknown. We performed acute in vitro and in
vivo studies with BNNT byproduct mixture containing BNNT with boron,
amorphous boron nitride and hexagonal boron nitride impurities. The
dispersion procedure (sonication in ethanol, drying, and suspension in
physiological dispersion medium (DM)) resulted in a byproduct mixture
containing tubes with 13-23 nm diameter x 0.6-1.6 µm length.THP-1
wild-type and NLRP3 knockout human monocytic cells were exposed
to 0-100 µg/ml. The in vitro findings were confirmed in vivo by exposing
male C57BL/6 mice with 40 µg of BNNT for 24 h by oropharyngeal aspiration. The single dose administered reflects a relatively high exposure
scenario to measure a maximal response based on studies of multiwalled carbon nanotubes (MWCNT). MWCNT-7 served as a particle
control. In vitro, the test mixture induced a dose-dependent increase
in cytotoxicity and oxidative stress. This was confirmed in vivo by acute
increased bronchoalveolar lavage levels of lactate dehydrogenase,
pulmonary neutrophil influx, loss in mitochondrial membrane potential and augmented levels of 4-hydroxynonenal. Uptake of this material caused lysosomal destabilization and inflammasome activation,
corroborated by an increase in cathepsin B, caspase 1, and increased
protein levels of IL-1β both in vitro and in vivo. Effects were attenuated
in exposed NLRP3 knockout THP-1 cells, demonstrating inflammasome
activation. Functionally, pretreatment with the byproduct mixture
caused an acute suppression in bacterial uptake by THP-1 cells, an effect
that was mirrored in challenged alveolar macrophages. Analysis of
cytokines secreted by LPS-challenged alveolar macrophages collected
after in vivo exposure to dispersions of BNNT or MWCNT-7 showed both
materials caused a similar shift in macrophage phenotype. The observed
results, which likely reflect a high exposure scenario, demonstrated
acute inflammation, and toxicity in vitro and in vivo in part due to NLRP3
inflammasome activation.

1319 Silica Nanoparticles Induce Liver Fibrosis via
TGF-β1/Smad3 Pathway In Vivo

Y. Yu2,1,, J. Duan2,1,, J. Wang2,1,, Z. Shi2,1,, P. Huang2,1,, and Z. Sun2,1,,.
1Beijing Key Laboratory of Environmental Toxicology, Beijing,
China; and 2Capital Medical University, Beijing, China. Sponsor: Z.
Sun.
The toxic mechanism of silica nanoparticles (SiNPs) on liver which is the
main scavenger for blood borne xenobiotics still remains unclear. This
study was to explore the hepatic toxicological mechanisms of SiNPs.
Results indicated SiNPs could distribute in hepatocytes, Kupper cells and
Stellate cells in liver, and induce hepatic dysfunction as well as granuloma formation in liver. The increase of lipid peroxide level and decrease
of antioxidant enzyme activities in liver suggested SiNPs induced hepatic
oxidative damage. The hepatocyte apoptosis was observed by morphological examination and was further confirmed by TUNEL assay. The
results of Masson’s trichrome stain and hydroxyproline assay showed
collagen fibers hyperplasia in liver, suggesting SiNPs could cause liver
fibrosis through intravenous injection. Oxidative damage and hepatocyte apoptosis could promote the progress of liver fibrosis induced by
SiNPs through activating TGF-β1/Smad3 signaling pathway.

1320 Amorphous Silica Nanoparticles Block Induction
of Oral Tolerance in Mice

T. Toda2, and S. Yoshino1. 1Kobe Pharmaceutical University,
Kobe, Japan; and 2Shionogi & Co., Ltd., Osaka, Japan. Sponsor: Y.
Tonomura.
Because the mucosal immune system is necessarily exposed to nonself
antigens in food and the gut microbiota, the recognition of orally
ingested nonself antigens is suppressed in healthy individuals, in a
process called “oral tolerance”, to avoid an excessive immune response.
The breakdown of oral tolerance has been cited as a possible cause of
food allergy, and amorphous silica nanoparticles (nSPs) have been implicated in this breakdown. nSPs are widely used in foodstuffs and other
products, so exposure to them is increasing. Therefore, we investigated
the effects of nSPs on oral tolerance as a matter of urgency. We evaluated
the effects of nSP30 (particle size 39 nm) on the immunological unresponsiveness induced in mice with oral ovalbumin (OVA). We measured
the production of OVA-specific antibodies; splenocyte proliferation in
response to OVA; and Th1, Th2, and Th17 responses in terms of cytokine
and IgG/IgE subclass expression. nSP30 dose-dependently increased the
levels of OVA-specific IgG in OVA-tolerized mice and induced proliferation of OVA-immunized splenocytes in response to OVA. nSP30 also
dose-dependently increased the expression of OVA-specific IgG1, IgE,
and IgG2a, indicating stimulation of the Th1 and Th2 responses. The
expression of interferon γ (Th1), interleukin 4 (IL-4), IL-5 (Th2), and IL-17
(Th17) was also stimulated dose-dependently by nSP30 in splenocytes
stimulated with OVA. Overall, this study showed that exposure to nSP30
abrogated in a dose-related manner oral tolerance induced in mice with
OVA, stimulating both Th1 and Th2 responses and, further, that the Th17
response was also involved in oral tolerance.

1321 Genotoxicity Markers but Not Cell Proliferation
Correlate with Inflammation following
Inhalation of Nanoscaled Cerium Dioxide or
Barium Sulfate

D. Schaudien, D. Schwotzer, H. Ernst, S. Rittinghausen, and O.
Creutzenberg. Fraunhofer ITEM, Hannover, Germany. Sponsor: C.
Dasenbrock.
Nanomaterials are gaining more importance in science and medicine,
and are already widely used in various applications. Due to their diverse
use, potential toxicological effects should be characterized. The two particles used in this study are expected to cover a wider range of different
biokinetic behaviors and toxicological responses with barium sulfate
being more rapidly cleared and less toxic. A 90-day inhalation study in
rats was conducted using 3 mg/m3 cerium dioxide (CeO2; NM-212) or
50 mg/m3 barium sulfate (BaSO4; NM-220) with clean air as negative
control. Animals were sacrificed following one, 28, and 90 days of inhalation and after 28 and 90 days of recovery. The lungs were processed
for histological and immunohistological examination using antibodies
to detect genotoxicity (8-OH-dG and yH2AX), cell proliferation (Ki67),
and apoptosis (cleaved caspase 3) were used. The number of 8-OH-dGpositive cells was significantly increased in the lung parenchyma
starting on day 90 of exposure and remained elevated until the end of
the recovery period in the CeO2 exposure group. YH2AX-positive cells
were significantly increased after 90 days and after 28 and 90 days of
recovery. In contrast, BaSO4 exposed animals did not show increased

1322 Exposure to Titanium Dioxide Nanofibers Induce
Neovascularization and Pro-Fibrotic Process in
Xenograft Tumor

E. I. Medina-Reyes3,2,, N. L. Delgado-Buenrostro3, V. FreyreFonseca3, R. Hernandez-Pando1, and Y. I. Chirino3. 1INCMNSZ,
Mexico City, Mexico; 2Programa de Doctorado en Ciencias
Biomedicas, Mexico City, Mexico; and 3UNAM, Mexico City, Mexico.
Titanium dioxide nanofibers (TiO2-f) have a high potential usage for
waste water treatment, solar cells, bone implants and devices for detection of UV radiation and pH, which suggests an increasing industrial
production. However, the TiO2-f toxicity has been poorly investigated
and some studies reveal that their toxicity could be higher than their
spherical counterparts. The aim of this study was to investigate if adenocarcinoma cell cultures exposed to TiO2-f during 7 days could enhance
the capability of those cells to develop tumors in a subdermal xenograft
model. Exposed lung epithelial adenocarcinoma human cells to TiO2-f
for 7 days were transplanted into immunodeficient mice and tumors
were excised after 11 weeks. Firstly, after exposure TiO2-f were located
in the lamellar bodies of adenocarcinoma cells and after the xenotransplantation, tumors derived from TiO2-f exposed cells showed an increase
in erythrocyte infiltration and increase in synthesis of collagen. These
results suggest that TiO2-f exposure in adenocarcinoma cells could
enhance the neovascularization and induce fibrosis in the tumors.

1324 Silica but Not Phosphonated Silica Nanoparticles
Change the Local Lipid Composition in the Rat
Lung

M. Wiemann1, M. Großgarten2, A. Vennemann1, M. Holzlechner3, A.
Balbekova3, K. Wieland3, M. Sperling2, M. Marchetti-Deschmann3,
and U. Karst2. 1IBE R&D gGmbH Institute for Lung Health, Münster,
Germany; 2University of Münster, Münster, Germany; and 3Vienna
University of Technology, Vienna, Austria. Sponsor: R. Landsiedel.
The lipid composition of the broncho-alveolar-lavage fluid (BALF) can
indicate the disease state of the lung. While typical changes in the ratio
of phosphatidylinositol (PI) and phosphatidylglycerol (PG) have been
observed upon quartz, no information is available for silica nanoparticles (NP) and detoxifying surface modifications thereof. Animals (5 per
group) were intratracheally instilled with 0.36 mg/lung of either fluorescein (FITC)-labeled silica NP, unmodified silica NP, or trihydroxy silylpropyl methylphosphonate (TPMP)-coated silica NP. Particle sizes were
10-50 nm. Controls were treated with vehicle only (0.5 mL NaCl). BALF
was analyzed for protein and differential cell counts 3 days post application. Particle toxicity was also assessed in vitro using an assay based
on alveolar macrophages. Cryo-sections of the lungs were prepared 0.5
and 72 h post instillation to study NP distribution and lipid composition by matrix-assisted laser desorption/ionization mass spectrometry
imaging (MALDI-MSI). Compared to unmodified and FITC-labeled silica
NP, TPMP-silica elicited far less inflammation in the lung and less cytotoxicity and macrophage activation in vitro. Concerning particle distribution after 30 min, FITC-silica NP formed a cloudy pattern consisting of
fluorescent agglomerates inside alveoli. After 3 d, the fluorescent material was confined to alveolar macrophages. MALDI-MSI revealed a local
increase in relevant PI molecules (PI 34:1; PI 36:2; PI 36:4) upon silica NP
und FITC-silica NP; these increases were largely co-localized with the
silica distribution pattern after 30 min. These results were further confirmed by Fourier transform infrared spectroscopy imaging followed by
principal component analysis. In contrast, PG was not increased or to a
far lower degree. Importantly, no such changes were elicited by TPMPcoated silica NP. Results show for the first time that amorphous silica NP
change the local lipid composition by increasing the PI/PG ratio. As the
detoxifying TPMP-coated silica NP abrogate this effect, changes in lipid
binding likely contribute to the inflammatory potential of silica NP.

1325 Goblet Cell Depletion in Colon of Mice Fed with
0.5% Food-Grade Titanium Dioxide (E171)

1323 Hepatotoxicity and Ultra Structural Changes in
Wistar Rats Treated with Al2O3 Nanomaterials

Patlolla1,

A.
A. Shinde3, P. Madhusudhanachary2, and P.
Tchounwou1. 1Jackson State University, Jackson, MS; 2National
Institute of Nutrition, Hyderabad, India; and 3University College for
Women, Hyderabad, India.
The present study was designed to evaluate the hepatotoxicity of aluminium oxide (Al2O3). To achieve this objective, Al2O3 of three different
sizes (30nm, 40nm and bulk) were orally administered for 28 days to 9
groups of 10 Wistar rats each, at the dose of 500, 1000 and 2000 mg/
kg/rat. A tenth group of 10 rats received distilled water and served as
control. After 28 days of exposure, the animals were sacrificed and the
serum was collected and tested for the activity levels of aminotransferases (AST or GOT and ALT or GPT), alkaline phosphatase (ALP) and lactate
dehydrogenase (LDH) enzymes following standard testing methods.
Reduced glutathione (GSH) content was also measured in the liver tissue
to study the oxidative stress. A histopathological evaluation was also
performed to determine the extent of liver injury. Study results indicated that the activity of the aminotransferases (AST and ALT), ALP and
LDH increased significantly in Al2O3 treated rats compared to control
animals. The increase was found to be more pronounced with Al2O3 30nm followed by Al2O3 - 40nm and Al2O3 - bulk treated rats in a dose
dependent manner. However reduced glutathione content showed a
decline in the activity. Ultra structural assessment showed significant
morphological changes in the liver tissue in accordance with biochemical parameters. Taken together, the results of this study demonstrated
that Al2O3 is hepatotoxic and the smaller size of this nanomaterial
appeared to be the most toxic while the compound in the bulk form
seemed to be the least toxic.

L. G. Garduño-Balderas, C. Rodríguez-Ibarra, N. L. DelgadoBuenrostro, and Y. I. Chirino. Facultad de Estudios Superiores
Iztacala, UNAM, Estado de Mexico, Mexico.
Food grade titanium dioxide (E171) is a food additive approved by the
US FDA since 1966 and also by the Joint FAO/WHO Expert Committee
on Food Additives for human consumption since 1969. However, titanium dioxide has oxidative and pro-inflammatory properties by inhalation which could also be found by oral consumption in the gastrointestinal tract. In this regard, goblet cells are the first line of defense against
damage caused by ingested food and pathogens, among others in the
intestine. Then, we aimed to investigate the effect of E171 diet in the
goblet cell content in the colon of male BALB/c mice after 4, 7 and 10
weeks of being feed with solid pellets containing 0.5% of E171. Mice
were fed with standard pellets (Teklad Global Diets®) containing 0.5%
E171 ad libitum during 4, 7 and 10 weeks and colon was excised. After
4 and 10 weeks, mice had a decrease of 37% and 13% in the goblet cell
content respectively. Body weight of mice remained without changes.
Colon weight remained without changes until the 10 weeks, decrease
in 35% compared with control group. In addition, 2/6 mice in the group
of 7 and 10 weeks of 0.5% E171 diet developed adenomas in the distal
colon. The consumption of 0.5% E171 in the diet induced a decrease in
goblet cells after 4 weeks of consumption and remained decreased in
25% at least until 10 weeks of consumption and this could be associated
with adenoma formation in distal colon of male BALB/c mice.
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8-OH-dG-positive or yH2AX-positive cells at any time point. Cell proliferation was measured in the terminal bronchi and lung parenchyma.
There was an increase in Ki67-positive cells after CeO2 inhalation starting
day 28 of inhalation and remaining elevated during the whole recovery
period in both lung compartments. Inhalation of BaSO4 also caused
increased Ki67-positive cells in the lung parenchyma after 28 and 90
days of inhalation. In addition in the terminal bronchi, Ki67-positive
cells were increased following 90-day inhalation of BaSO4 and after 28
days of recovery. No cleaved caspase 3-positive cells were detected in
any of the groups examined. Histopathological examination revealed
a time dependent infiltration of inflammatory cells in the CeO2 exposed
group. The BaSO4 exposed animals showed only partially inflammatory
cell infiltration. Treatment with both particles resulted in increased cell
proliferation in the lung. However, only inhalation of CeO2 caused genotoxicity which correlated with the inflammation. This seemed to reflect a
higher toxicic potency of CeO2 compared to BaSO4.

1326 Pulmonary Exposure to Respirable Cellulose

Nanocrystals Caused Sustained Lung Damage
and Male Reproductive Toxicity

A. A. Shvedova1,4,, M. T. Farcas1, A. L. Menas1, D. W. Gutkin3, A. Star2,
N. Yanamala1, E. R. Kisin1, and V. E. Kagan2,2,. 1NIOSH, Morgantown,
WV; 2University of Pittsburgh, Pittsburgh, PA; 3University of
Pittsburgh Medical Center, Pittsburgh, PA; and 4West Virginia
University, Morgantown, WV.
Cellulose nanocrystals (CNC) unveil an interesting combination of properties (e.g. mechanical, thermal, rheological and optical) and produced
in large scale as nanofillers in polymer composites, building materials,
cosmetics, food, and the drug industry. To date, there are only few
studies investigating the potential adverse effects of nanocellulose
materials. The present study was undertaken to investigate the pulmonary outcomes as well as alterations of the male reproductive system
induced by repeated exposure to respirable CNC. C57BL6 male mice
were treated by pharyngeal aspiration with CNC (40 μg/mouse) twice a
week for 3 weeks. Three months after the last administration, exposure
to respirable CNC resulted in pulmonary inflammation and damage,
oxidative stress, elevated TGF-β and collagen in the lung. Additionally,
CNC exposure significantly altered sperm concentration, motility, cell
morphology, and sperm DNA integrity. These parameters correlated
with elevated pro-inflammatory cytokines and myeloperoxidase activity
in testes, as well as increase in oxidative stress in both testes and epididymis. Exposure to CNC also induced damage to testicular structure
and imbalance in levels of testosterone and luteinizing hormone. Taken
together, these results demonstrate that exposure to respirable CNC
not only lead to pulmonary toxicity but also induces sustained adverse
effects in spermatocytes/spermatozoa indicating male reproductive
toxicity.

1327 Histological and Immunohistochemical Studies

of a Nanocellulose Diester from Cotton Seeds in
Rats

C. A. Otuechere, A. Adewuyi, O. Adebayo, and I. Ebigwei.
Redeemer’s University, Ede Town, Nigeria.

78
SOT 2017 Annual Meeting

Chemical modification of cellulose nanofibers is currently attracting
attention as researchers attempt to take advantage of the abundance
of hydroxyl groups on its surface to introduce extra biological functionality. However, the toxicity profile of this esterified nanocellulose has not
been established in animal models. Thus, a 7-day repeated oral toxicity
study of cotton seed nanocellulose diester (NCD) was conducted in male
Wistar rats. A total of three groups (5 rats per group) were compared:
(1) Control (normal saline), (2) 50 mg/kg NCD and (3) 100 mg/kg NCD.
The effects of NCD in rats were investigated by assaying oxidative stress
biomarkers, lipid peroxidation, plasma toxicity markers, nitric oxide
and myeloperoxidase levels. The expressions of cyclo-oxygenase-2
and inducible nitric oxide synthase were also evaluated by immunohistochemical staining. Acute treatment of NCD had no adverse effect
on enzymatic antioxidant status but significantly elevated the aminotransferases activities when compared with controls. Improvement in
reduced glutathione levels was accompanied by a decrease in myeloperoxidase activity. Histological observations did not reveal any adverse
effects on the liver at the lower concentration dose when compared
with control. Treatment with NCD elicited a reduction in the expressions
of cyclo-oxygenase-2 and inducible nitric oxide synthase when compared with controls. The present findings suggest that NCD appears to
have minimal adverse oral toxicity effect on animals.

1328 Long-Term Inhalation Study with Nano Barium

Sulfate: Unexpected Morphological Findings and
Lung-Burden after 12 Months of Exposure

S. Groeters1, L. Ma-Hock1, H. Ernst2, J. Keller1, V. Strauss1, K.
Wiench1, B. van Ravenzwaay1, and R. Landsiedel1. 1BASF SE,
Ludwigshafen am Rhein, Germany; and 2Fraunhofer Institute for
Toxicology and Experimental Medicine, Hannover, Germany.
Lung carcinogenicity and putative systemic effects of low-dose lifetime inhalation exposure to biopersistent nanoparticles were examined in a combined chronic/carcinogenicity inhalation study performed
according to OECD test guideline no. 453 with several protocol extensions. Female rats were exposed to barium sulfate (NM-220; 50 mg/m³)
for 12 month (interim sacrifice, 10 animals), 24 month (final sacrifice, 50
animals) and 24 month plus 6 month exposure-free period (50 animals).
A control group was exposed to clean air. Lung burdens and burdens
in extrapulmonary tissues were measured at various time-point. In parallel, bronchioalveolar lavage fluid (BALF) was investigated and histo-

pathology was performed. Range finding studies with 5d and 28d of
inhalative exposure to Barium Sulfate (BaSO4; 50mg/m³) revealed no
histopathological findings in the lungs, low lung burden concentrations
and no signs of inflammation in BALF examination. BaSO4 lung burdens
were comparatively low (1 mg/g) within the first 13 weeks of exposure
and steeply increased to > 10 mg/g lung tissue after one year, accompanied by severe inflammatory changes in the lung detected by BALF
and histopathology. Whereas the excretion of BaSO4, after 13 weeks
was comparable to control, a significant increase in feces after 12 and
24 months was measured. Histological examination of lungs revealed
several adverse and non-adverse effects in the lung. The non-adverse effects comprised accumulation of particle-laden macrophages
in alveolar/interstitial areas and in the BALT with an accentuation on
interstitial accumulation and bronchiolo-alveolar hyperplasia (alveolar
bronchiolization). The adverse effects included (mixed) alveolar/interstitial inflammatory cell infiltration without granulomatous inflammation, minimal interstitial fibrosis and alveolar lipoproteinosis. Neither
pre-neoplastic nor neoplastic changes were observed after 12-months
exposure. A no observed adverse effect concentration could not be
established in this study. The comprehensive histopathological examinations of lungs and other tissues after 24 and 30 months of exposure
will be finalized in 2017.

1329 Food Grade Titanium Dioxide (E171)

Consumption in Diet Induces Higher DNA
Damage in Colon than in Spleen and Liver of
Mice

C. Rodríguez-Ibarra, L. G. Garduño-Balderas, N. L. DelgadoBuenrostro, and I. Chirino. Universidad Nacional Autónoma de
México, Tlalnepantla de Baz, Mexico.
Food grade titanium dioxide, known as E171, is used as a food additive
and in personal care products. The Food and Drug Administration allows
the use of E171 in up to 1% of the final product weight. However, the
IARC has classified TiO2 as a posible carcinogen to humans by inhalation
but the oral route has been poorly investigated. It is known that after
oral administration, TiO2 can be absorbed into blood stream and can be
taken up by different organs such as colon, liver and spleen. However,
the toxic efects in these organs are still unknown. Here we investigated
the potential genotoxic effect of E171 in colon, liver and spleen after oral
administration to mice in the diet. For this purpose, Balb/C mice were fed
with 0.5% E171 through diet during 4 and 10 weeks and DNA damage
in these organs was measured using the γ-H2AX immuno-staining assay.
We found that 0.5% E171 in the diet induced a 1.5-fold of increase of
fluorescence in liver, 2-fold in spleen and 3-fold in colon after 4 weeks
and the DNA damage was sustained at least until 10 weeks. Also, two of
the mice treated for 10 weeks developed adenomas in the distal colon.
These results suggest that oral consumption of 0.5% E171 in the diet
caused DNA double strand breaks in these organs, but also, that probably colon tissue could have higher susceptibility followed by spleen
and liver.

1330 Differences in Nickel Oxide Nanoparticle-

Induced Pulmonary Toxicity and Exacerbated
Allergic Response following Acute Respiratory
Exposure

K. A. Roach1,2,, S. E. Anderson1,2,, A. B. Stefaniak1, C. E.
McLoughlin1, D. Schwegler-Berry1, and J. R. Roberts1,2,. 1CDC/
NIOSH, Morgantown, WV; and 2West Virginia University,
Morgantown, WV.
Particle size and morphology play critical roles in nanomaterial-induced
lung inflammation, but the relationship of these factors to augmentation of allergic response in the respiratory tract is largely unknown. To
address this concept, two different sizes of nickel oxide (NiO) particles
were characterized and investigated in vivo. Dynamic light scattering
showed the average particle sizes (APS) were 27 nm for NiO-1 and 190
nm for NiO-2. NiO-1 particles were spherical while NiO-2 particles were
more irregular and plate-like. The goal of the study was to assess effects
of the different NiO particles on augmentation of allergic response
using an ovalbumin (OVA) model. Effects of NiO on the lung were also
assessed at critical time points correlating to the OVA model in the
absence of OVA. Female BALB/c mice were given a single dose of 40
micrograms of NiO-1, NiO-2, or dispersion medium (DM; vehicle control)
by oropharyngeal aspiration (OPA) and euthanized at 1, 10, 19, and 29
d post-exposure in the absence of OVA. In the OVA allergy model, mice
were similarly exposed to particles or DM on day 0, sensitized to OVA
via i.p. injection at 1 and 10 d, challenged with OVA at 19 and 28 d via
OPA, and euthanized at 29 d. In the absence of OVA, only NiO-2 induced
significant and persistent increases in lung injury and inflammation in
the lung, but both NiO-1 and NiO-2 increased mediastinal lymph node

1331 Nanoparticle-Induced Pulmonary Toxicity–

Effects from Subchronic Exposure to Cerium
Dioxide and Barium Sulfate

D. Schwotzer, M. Niehof, T. Hansen, H. Ernst, D. Schaudien,
S. Schuchardt, and O. Creutzenberg. Fraunhofer Institute for
Toxicology and Experimental Medicine ITEM, Hannover, Germany.
Sponsor: C. Dasenbrock.
Manufactured nanomaterials are widely used in industrial and commercial products. However, detailed information especially on long-term
effects are limited. This subchronic study aimed on the investigation of
effects caused by cerium dioxide and barium sulfate nanoparticle inhalation. To create a link to potential chronic effects, experiments were
examined under similar conditions as a combined chronic inhalation
toxicity and carcinogenicity study (BASF, Ludwigshafen, Germany).
Obligatory endpoints (OECD 413) combined with gene expression analysis should provide information on effects at early stages of nanoparticle
exposure (within 90 days). Respective observations and the identification of biomarkers should help to predict potential long-term effects.
Up to 90-day exposure of rats to low concentrations of nano-CeO2
(0.1 - 3.0 mg/m3) caused inflammatory reactions in respiratory organs,
detected by histopathological examinations and analysis of bronchoalveolar lavage fluid. Effects remained persistent after end of exposure.
One high concentration of BaSO4 (50.0 mg/m3) nanoparticles, a typical
inert dust, was also examined. Induced inflammatory effects were less
severe compared to CeO2. Elevated levels declined during post-exposure. Expression analysis of more than 300 genes in pneumocytes
type II suggested an influence of nanoparticles on inflammatory mediators including chemokines and interleukines. Also, mRNA expression
of biochemical markers related to oxidative stress, apoptosis and DNA
repair was modulated. - Inhaled nanoparticles affect the rat’s respiratory system mainly in terms of inflammation. Currently available data
might predict potential chronic effects like cell proliferation or even
tumor development following low-concentration exposure to CeO2. This
project is funded by the German Federal Ministry of Education and Research
(BMBF) - 03X0149A.

1332 Quantum Dot-Induced Histopathological

Changes and the Roles of the Release of Free
Cadmium Ions and Hydroxyl Radicals Remain to
Be Clearly Elucidated

P. Huang, J. Wang, J. Duan, Y. Yu, and Z. Sun. Capital Medical
University School of Public Health, Beijing, China. Sponsor: G. Li.
Background: A complete understanding of the toxicological behaviors
of quantum dots (QDs) in vivo is of great importance and is a prerequisite for their applications in humans. In contrast to the numerous
cytotoxicity studies investigating QDs, a paucity of in vivo studies have
been reported, and the issue remains controversial. The overall aim of
our study was to understand QD-mediated toxicity across different time
points and to explore the roles of free cadmium (Cd) and ROS in tissue
damage. Methods: Male ICR mice were administered a single intravenous dose (1.5 µmol/kg) of aqueous synthesized CdTeQDs, and the
liver and kidney functions and morphology were subsequently examined at 1, 7, 14 and 28 d. Furthermore, hydroxyl radical (•OH) production in the tissues was quantified by trapping •OH with salicylic acid
(SA) as 2,3-dihydroxybenzoic acid (2,3-DHBA)detected using an HPLCfluorescence method. We used the induction of tissue metallothionein
(MT) levels and 2,3-DHBA/SA ratiosas markers for elevated free cadmium
(Cd) from the degradation of QDs and ROS generation in the tissues,
respectively. Results: The degree of tissue damage gradually increased
with time, reached a maximum at 14 d and gradually recovered by 28
d.The MT levels and 2,3-DHBA/SA ratios significantly increased and
peaked at 1 and 7 d, respectively, but were not elevated at 14 d. The
histological changes of the liver and kidneys, released free Cd and ·OH
levels exhibited different trends over the 28-d period, with the free Cd
and ·OH exhibiting delayed effects in terms of histopathological abnormalities. Conclusions: The QD-induced histopathological changes were

time-dependent. The tissues can recover from the histopathological
abnormalities. The histological assessments performed at multiple
time points and the temporal analyses of the potential toxic effects of
QDs might contribute to the evaluation of the biological safety of QDs.
Moreover, our study further determined that the underlying mechanism
in vivo after low-dose QD exposure might include cellular defense mechanisms and tissue adaptive mechanisms. The QD-induced histopathological changes and the roles of free cadmium ions and ROS will need to
be more completely elucidated in the future.

1333 Physicochemical Properties of Zinc Oxide
Nanoparticles Differentially Influence
Microvascular Function and Proteomic
Responses

V. C. Minarchick2, A. Raghavendra1, R. Podila1, and J. M. Brown2.

1Clemson University, Clemson, SC; and 2University of Colorado

Denver, Aurora, CO.

Engineered nanomaterials’ (ENM) physicochemical properties have
been shown to impact the toxicity associated with in vitro nanomaterial exposure; however, it is unknown if ENM physicochemical properties alter in vivo responses such as microvascular function, inflammatory responses, and endothelium activation. Therefore, we hypothesize
that ENMs with unique physicochemical properties will lead to differential levels of microvascular dysfunction following exposure. Zinc
oxide nanoparticles (ZnO NP) were treated with argon, hydrogen, and
oxygen to modify their reductive and oxidative states. Male C57BL/6
mice were intravenously injected with these modified ZnO NP (0.58 mg/
kg) or saline. Twenty-four hours post exposure, plasma and mesenteric
arterioles were harvested. Endothelium-dependent and -independent
reactivity was assessed with acetylcholine (ACh, 10-9-10-4 M), and sodium
nitroprusside (SNP, 10-9-10-4 M) via pressure myography. Vascular
smooth muscle reactivity was assessed with phenylephrine (10-9-10-4 M).
After initial assessments, the arterioles were intraluminally exposed to
control plasma to determine if microvascular function could be restored.
The plasma was processed for proteomic analysis to analyze changes
in circulating proteins that are associated with inflammation and endothelial activation. Following ZnO NP exposure, there were no significant
differences in microvascular reactivity compared to control mice. Argon
treated ZnO NP caused a significant reduction in endothelium-dependent (10 ± 1% vs. control 64 ± 3%) and -independent dilation (32 ± 6%
vs. control 80 ± 5%), that was partially restored after plasma exposure
for endothelium-dependent dilation only (40 ± 12%). Finally, there
were significant microvascular impairments following oxidized ZnO NP
exposure, which were endothelium-dependent (26 ± 7% vs. control 64
± 3%) and -independent (5 ± 11% vs. control 80 ± 5%). These responses
were significantly improved following plasma exposure (ACh 54 ± 8%
and SPR 56 ± 14%). Taken together, these results indicate that modification of ZnO NP’ physicochemical properties differentially influence
microvascular function and these impairments may be due to changes
in circulating proteins associated with inflammatory and/or endothelial
activation. R01-ES019311 (JMB)

1334 Lung Toxicity following a Dose-Response In Vivo
Study of Dispersed Boron Nitride Nanotubes

J. R. Roberts1,2,, A. Erdely1,2,, M. Barger1, K. A. Roach2, M. Wolfarth1,
A. B. Stefaniak1, D. Schwegler-Berry1, V. Kodali1, and D. W. Porter1,2,.
1CDC/NIOSH, Morgantown, WV; and 2West Virginia University,
Morgantown, WV.
Boron nitride nanotubes (BNNT) are multi-walled nanotubes composed
of hexagonal B-N bonds and are an emerging nanomaterial for which
markets are rapidly expanding. Although not rigid in nature, the high
aspect ratio (HAR) raises concern for potential toxicity that may be associated with lung exposure. The goal of the study was to assess lung toxicity using an in vivo dose-response time course model. The BNNT in
this study were originally manufactured to be 5 nm wide and up to 200
μm long. Dispersion by sonication in ethanol, drying, and suspension in
physiological dispersion medium (DM) yielded byproducts with surface
area ~180 m2/g and size distribution on average of 13-23 nm in diameter
x 0.6-1.6 μm in length lowering the original HAR by up to 99.9%. Male
C57BL/6J mice received 4 or 40 μg of dispersed BNNT or DM by oropharyngeal aspiration. Bronchoalveolar lavage (BAL) was performed and
blood collected at 4 hour, 1 day, 7 day, 1 month, and 2 month post-exposure. Lung lymph nodes (LN) and spleens were also harvested. Lung
injury (BAL lactate dehydrogenase) was significantly elevated in the
dispersed high-dose BNNT group up to 1 month post-exposure with
resolution by 2 month. BAL neutrophils and eosinophils, a measure of
inflammation and irritant response, were elevated in the high-dose
group up to 7 day post-exposure, peaking at 1 and 7 day, respectively.
BAL lymphocytes were significantly elevated at 1 and 7 day post-expo-
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(LN) size as compared to controls. In the OVA allergy model, the smaller
nanoparticles (NiO-1), resulted in an exacerbated airway response following OVA challenge, and increased serum OVA-specific IgE levels
as compared to vehicle and allergy controls. Differentially, exposure
to NiO-2 significantly increased LN size, yet reduced OVA-specific IgE
levels. Overall, results demonstrate that size, and possibly particle
morphology, contributed to nickel-based particle-induced pulmonary
inflammation and modulation of immune responses in the lung. The
larger plate-like particle was capable of inducing a greater degree of
pulmonary inflammation; however, the smaller NiO particle exacerbated
the allergic response to OVA to a greater degree. Further studies are
needed to elucidate the mechanisms related to these findings.

sure and, to a lesser degree, at 2 month due primarily to increased CD4+
and CD8+ T cells. LN lymphocytes were also significantly increased in
the high dose group at 7 day. No significant alterations were observed
in spleenocytes cell populations. The low dose did not result in significant changes in any parameters measured. In summary, the products
of the dispersed BNNT sample used in this study caused acute pulmonary inflammation and lung injury only at the highest exposure, which
peaked by 7 day post-exposure and showed resolution over time (2
month). Further studies are needed to determine if physicochemical
properties, such as length and impurities, will impact toxicity profiles of
BNNT and byproducts resulting from dispersion.

1335 The Development and Validation of EpiComet-

Chip, a Modified High-Throughput Comet Assay
for the Assessment of DNA Methylation Status

T. A. Townsend2, M. C. Parrish1, S. D. Shelton2, B. P. Engelward1,
and M. G. Manjanatha2. 1Massachusetts Institute of Technology,
Cambridge, MA; and 2US FDA/NCTR, Jefferson, AR.
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Alterations in global DNA methylation status and increased DNA
damage are associated with multiple human diseases and are frequently correlated with a variety of clinically relevant information. Thus,
assessing DNA damage and epigenetic modifications, including DNA
methylation, is critical in predicting human exposure risk and carcinogenicity of pharmacological and biological agents. Here, we utilized
the methylation-dependent endonuclease, McrBC, to develop a modified alkaline single cell gel electrophoresis (Comet) assay, “EpiComet”,
that allows single platform evaluation of genotoxicity and global DNA
(5-mC) methylation status of single cell populations under various conditions. Merging our approach with an existing technology, CometChip
(a 96-well platform for measuring DNA damage in microarrayed cells),
enables rapid throughput assessment of global methylation, via technology we have termed “EpiComet-Chip”. To validate our system, we
determined baseline global methylation levels and confirmed DNA
damage susceptibility for human cell lines derived from breast, cervix,
liver, and spleen. Next, we independently characterized dose-response
kinetics and demonstrated proof-of-principle for our assay by detecting
global methylation alterations in response to exposures with several
agents of interest to the US FDA, including chemotherapeutic, environmental and novel agents. Using EpiComet-Chip on 63 matched samples;
we correctly identified single sample hypermethylation (≥0.5-fold) at
87% (20/23), hypomethylation (≥0.25-fold) at 100% (9/9), with a 4%
(2/54) false negative rate (FNR) and 10% (4/40) false positive rate (FPR).
Using a more stringent threshold to define hypermethylation (≥0.75fold) allowed us to correctly identify 94% of hypermethylation (17/18),
but increased our FPR to 16% (7/45). Requiring unanimous consensus
among experimental triplicates yielded correct attribution to all treatment conditions in our limited sample size. The assay is amenable to
cells in culture or nucleated cells from any tissue; thus, the successful
application of this novel technology will aid hazard identification and
risk characterization of US FDA-regulated products, while providing
utility for investigating epigenetic modes of action of agents in target
organs.

receptor-mediated signaling detoxification response pathway was
predominantly altered in methapyrilene-treated HepaRG cells. Using
a reduced representation bisulfite sequencing approach, 672 and 613
differentially methylated genes were identified, respectively, in AFB1and methapyrilene-treated HepaRG cells; however, pathway analysis did
not identify specific molecular pathways enriched by these of differentially methylated genes, and, more importantly, there was a lack of the
association between changes in CpG methylation and gene expression.
In summary, a high throughput microarray gene expression approach
identified specific carcinogen-exposure-associated transcriptomic
responses and affected molecular pathways, whereas DNA methylation
analysis failed to generate either gene-specific methylation signatures
or categorize pathways associated with carcinogen exposure in a shortterm in vitro test.

1337 Detection of Smoking-Associated DNA

Methylation Changes in the AHRR Gene Using
High-Resolution Melt Method

A. M. Keshava2,1,, M. Wan1, C. Crowl1, M. R. Campbell1, G. S. Pittman1,
X. Wang1, and D. A. Bell1. 1NIEHS, Research Triangle Park, NC; and
2Wake Early College of Health and Sciences, Raleigh, NC. Sponsor:
K. Channa.
Cigarette smoking has been shown to be associated with DNA methylation changes and a variety of smoking-related diseases, including lung
cancer, chronic obstructive pulmonary disease, heart disease, stroke etc.
DNA methylation at site cg05575921 in the aryl hydrocarbon receptor
repressor (AHRR) gene has been identified as the most significant smoking-responsive methylation site in many cohort studies using Illumina
450K methylation arrays. Importantly, it has recently been linked to
pre-clinical atherosclerosis. Therefore, methylation of this site potentially serves as a biomarker for smoking exposure and smoking-related
disease. Compared to other locus-specific DNA methylation approaches,
such as pyrosequencing and amplicon sequencing, the high resolution
melt (HRM) method is one of the fastest and most cost-effective methods
for DNA methylation measurement. Here, we determined smoking-associated methylation changes at site cg05575921 by HRM using genomic
DNA of adult whole blood cells from 38 smokers and 45 nonsmokers.
We further compared methylation values from HRM and 450K array. We
found that DNA methylation at cg05575921 was significantly increased
(average methylation difference = 33.23%; P value=6.66071x 10-24) in
smokers from our HRM experiments, which is consistent with 450K data.
Furthermore, methylation values of cg05575921 from HRM and 450K
array were strongly correlated (R2=0.917692) among the same set of
subjects. In addition, the methylation values of cg05575921 were also
strongly correlated with cotinine levels, a biomarker of tobacco exposure (R2=0.9818). Our results suggest that HRM may represent a fast and
cost-effective locus-specific method for the validation of DNA methylation changes in response to environmental exposures and their related
diseases.

1338 Transgenerational Inheritance Mechanisms of
Environmental Exposure Effects

1336 Effect of the Liver Carcinogens Aflatoxin B1 and
Methapyrilene on Transcriptomic and DNA
Methylation Profiles in HepaRG Cells

V. Tryndyak2, K. Dreval2, O. E. Orisakwe1, F. A. Beland2, and I. P.
Pogribny2. 1University of Port-Harcourt, Port-Harcourt, AR; and 2US
FDA/NCTR, Jefferson, AR.
The exponentially growing number of environmental and pharmaceutical agents highlights the need for the development of reliable
time- and cost-effective approaches for the carcinogen detection and
identification. In light of this, the utility of high throughput microarray
gene expression and next-generation genome-wide DNA methylation
sequencing profiling for the identification of genotoxic and non-genotoxic carcinogens in vitro was investigated. Human terminally differentiated hepatic HepaRG cells were treated with the genotoxic liver
carcinogen aflatoxin B1 (AFB1) and the non-genotoxic liver carcinogen methapyrilene at non-cytotoxic IC10 concentrations for 72 hours
and transcriptomic and DNA methylation profiles were determined.
Treatment of HepaRG cells with AFB1 and methapyrilene resulted in
altered expression of 538 and 1255 genes (p-value ≤ 0.01 and fold change
≥ 2.0), respectively. Pathway analysis of transcriptomic signatures in the
treated cells demonstrated a strong enrichment in genes involved in key
carcinogen-associated pathways, including receptor-mediated effects,
detoxification response, cell death and apoptosis, cell proliferation and
survival, oxidative stress and inflammation. Importantly, DNA damage
and repair, cell cycle progression, and cell cycle checkpoint control pathways were uniquely activated in AFB1-treated HepaRG cells, whereas

J. Camacho2, L. Truong2, G. Gutierrez1, and P. Allard2. 1California
State University Northridge, Northridge, CA; and 2University of
California, Los Angeles, Los Angeles, CA.
Our latest work identifies the cellular and genetic mechanisms of transgenerational effects from environmental exposures. Notably, germ cells
are the bridge between generations, and as such are responsible for
passing down information from one generation to the next. Studying
their development and integrity is of great importance for health and
survival, as germ cells can be vulnerable during embryogenesis while
they undergo extensive chromatin remodeling. Germ cells undergo
periods of profound DNA demethylation and consequently have a
high reliance on histone marks to ensure genomic stability. However,
these events take place in mammals early during embryogenesis which
creates issues of accessibility to the cells and ease of study. Here, we
utilize the powerful genetic system C. elegans, specifically, a reporter
strain where GFP is epigenetically silenced in the germline. This strain
allows us to examine epigenetic regulation after chemical exposures.
Previously, we showed that de-silencing effects after exposure to the
environmental compound Bisphenol-A (BPA) last for at least three generations (up to three-fold compared to our DMSO control). Most worms
showing de-silencing in the first, second and third generation originate
from worms showing de- silencing in the parental exposed generation
indicating that the effect is inherited. In recent results, we observed a
significant (**p ≤ 0.01) increase in embryonic lethality (a parameter used
to assess germline function) in the F1 and F3 generations after initial
exposure, and this was correlated to the germline de-silencing phenotype previously observed. Currently, preliminary chemical and genetic

1339 Tissue-Specific Effects of Aflatoxin-B1 on Gene

Expression Levels of DNMT1 and HDAC5 in Rats

O. A. Rotimi, S. O. Rotimi, C. U. Duru, O. J. Ebebeinwe, B. O. Oyeniyi,
and A. O. Abiodun. Covenant University, Ota, Nigeria.
Aflatoxins are structurally related fungal metabolites, produced mainly
by Aspergillus species, which induce genotoxic, carcinogenic and mutagenic effects following exposure to living organisms. Aflatoxin B1 (AFB1)
is the most toxic and common of the congeners of aflatoxin, and it has
been implicated in increasing the risk of hepatocellular carcinoma in
humans. The aim of this research was to determine the effects of acute
AFB1 exposure on the expression of two epigenetic modifying genes,
DNA methyltransferase 1 (DNMT1) and histone deacetylase 5 (HDAC5).
To achieve this, twenty male albino rats were randomly assigned to four
groups with one group serving as control and the other groups orally
exposed to three doses of aflatoxin B1 (0.25 mg, 0.5 mg and 1 mg/kg
body weight; the control group received only the vehicle - olive oil) for
seven days. The rats were sacrificed by cardiac puncture 24 hours after
the last dose and the liver, kidney, brain, lungs and testis were excised.
RNA was extracted from the tissues and the expression of DNMT1 and
HDAC5 were determined by semi - quantitative reverse transcriptase
PCR. All doses of AFB1 resulted in a significant (p < 0.05) decrease in the
relative expression of DNMT1 and HDAC5 in the brain and lungs of the
rats. The expression of brain DNMT1 was 1.3- and 4.61- fold lower at 0.25
mg/kg and 1.0 mg/kg doses respectively while HDAC5 was 1.2- and 4fold lower at 0.25 mg/kg and 1.0 mg/kg doses respectively. The decrease
in the relative expression of these genes in the lungs were independent
of dose. The relative expression of DNMT1 and HDAC5 in the liver were
decreased by only the 1.0 mg/kg dose, and the 0.5 mg/kg and 1.0 mg/kg
doses respectively. Furthermore, no significant difference was observed
in the expression of these genes in the kidney and testis of the rats.
This study revealed that epigenetic alterations could be one of the early
responses to acute AFB1- induced toxicity and these responses are tissue-specific and dose-dependent.

1341 Exposure to Trichloroethylene Increases
Epigenetic Drift in CD4+ T Cells

K. Gilbert3, S. Blossom3, B. Reisfeld2, C. Cooney1, and S.
Bhattacharyya3. 1Central Arkansas Veterans Healthcare System,
Little Rock, AR; 2Colorado State University, Fort Collins, CO; and
3University of Arkansas for Medical Sciences, Little Rock, AR.
Exposure to solvent and water pollutant trichloroethylene (TCE)
increases the incidence of hypersensitivity and autoimmune diseases.
We have shown that chronic TCE exposure induces autoimmune hepatitis (AIH), and alters CD4+ T cell function in mice. As a way to define
etiology, the current study tested whether long-term exposure to TCE
changed the methylome in CD4+ T cells. Female MRL+/+ mice were
exposed to 0.5 mg/ml TCE in drinking water for 40 weeks. DNA isolated
from effector/memory CD4+ T cells was subjected to reduced representation bisulfite sequencing (RRBS). DNA methylation at individual CpG
sites, or at differentially-methylated regions (DMRs) with multiple CpG
sites, was assessed. When a 25% difference between control and TCE
samples was used as the cutoff, changes in 1,107 individual CpG sites,
and 184 DMR were identified. Further analysis yielded novel results at
both a cumulative and gene-specific level. Cumulatively, exposure to
TCE dramatically changed the normal methylation pattern from one in
which most CpG sites were either hypo- or hyper-methylated to one
in which CpG methylation averaged 50%. The TCE exposure also significantly increased (p=9.82 x 10-12) the cumulative inter-sample variability in DNA methylation of specific CpG sites (i.e. epigenetic drift). In
terms of gene-specific effects one particularly robust and functionally
important alteration was observed. TCE decreased by 36.5% (p= 2.46 x
10-59) the methylation of a DMR in the CpG island near the TSS of Cxxc1.
Transcriptomics showed an accompanying increase (p=7.64E x 10-5) in
expression of Cxxc1. Cxxc1 encodes for a protein that regulates both
cytosine and histone methylation, and which controls expression of
multiple genes in developing T cells. Taken together, the results suggested that TCE loosened the normally rigid constraints on CpG methylation in CD4+ T cells, and thus promoted epigenetic drift. A TCE-induced
decrease in the methylation of the important epigenetic regulator Cxxc1
could help explain the cumulative effects of TCE on the methylome of
CD4+ T cells. The increase in methylation plasticity may be crucial for the
immunotoxicity of TCE.

1342 Sex Differences in DNA Methylation Pattern
1340 Epigenetic Aberrations during Acquisition of

Doxorubicin Resistance in Breast Cancer Cells

L. Ponnusamy, P. K. S. Mahalingaiah, and K. P. Singh. Texas Tech
University, Lubbock, TX.
Breast cancer is the most commonly diagnosed cancer in women.
Chemotherapy resistance is a major limitation in clinical treatment of
breast cancer. Accumulating evidence implicates the epigenetic aberrations in acquired chemoresistance. Acquired resistance against doxorubicin, which is the mainstay treatment for solid cancers including
breast cancer, has frequently been reported but the role of epigenetic
alterations in this process is not clear. Therefore, objective of this study
was to determine whether acquired doxorubicin resistance in breast
cancer cells involves alterations in epigenetic regulatory genes and
its consequence on histone modifications. Doxorubicin resistant cell
models were developed in vitro by exposing estrogen receptor (ER)
positive MCF-7 and triple negative MDA-MB-231 breast cancer cell lines
to clinically relevant concentration of doxorubicin for chronic period
(18 months). Resistance development to doxorubicin cytotoxicity
was confirmed by trypan blue dye exclusion assay, MTT assay and cell
cycle analysis. Soft agar assay, tumorosphere assay and wound healing
assay revealed resistant phenotypic characteristics of these cells as a
result of repeated exposure to doxorubicin. Changes in expression of
genes/proteins for cell survival, apoptosis, drug transport, epithelial to
mesenchymal transition, DNA repair and stemness further confirmed
the acquisition of resistance to doxorubicin. To determine the role of
epigenetic mechanism in resistance development, expression of epigenetic regulatory genes and changes in histone modifications were
evaluated. Results revealed aberrant expression of epigenetic regulatory
genes involved in DNA methylation (DNMT1, DNMT3a/3b, MBD4 and
TET1), and histone modifications (HDAC1, HAT1 and HMT1). The levels of
various histone H3 acetylation and histone H3/H4 methylation were also
altered. Pre-treatment with demethylating agent 5-aza-deoxycytidine
and HDAC inhibitor Trichostatin A significantly re-sensitized resistant
cells to doxorubicin and further confirmed potential role of epigenetic
changes in doxorubicin resistance development in breast cancer cells. In
summary, result of this study for the first time suggests that acquisition
of doxorubicin resistance in breast cancer cells is potentially mediated
by epigenetic changes and therefore can be potentially resensitized
using epigenetic therapy

and Impact on Drug Metabolizing Enzymes and
Transporters in Normal Human Kidney

B. D. Lyn-Cook3, S. Joseph3, N. I. George3, B. Green-Knox3, T.
Nicolson1, G. J. Hammons3, B. Word3, and S.-M. Huang2. 1Drug
Discovery and Development, London, United Kingdom; 2US FDA/
Center for Drug Evaluation, White Oak, MD; and 3US FDA/NCTR,
Jefferson, AR.
Studies have identified epigenetic differences between the sexes in
several human tissues. These studies have implicated epigenetic factors
in the regulation of tissue-specific expression and X-chromosome
inactivation. Studies have also shown that women and men respond
differently to various drugs, therefore influencing pharmacokinetics,
pharmacodynamics, adverse reactions, efficacy, and safety of a drug.
Here, we investigated the impact of sex on the DNA methylation patterns in normal human kidney, one of the major organs involved in
drug metabolism and transporting, from 15 males and 16 females, and
related the methylome to changes in drug metabolizing enzymes and
transporters (DMETs) expression. The evaluated DNA methylation data
in normal human kidneys clustered based on sex. Of approximately
480,000 sites investigated, DNA methylation patterns of 4939 individual
autosomal sites were found to have significant sex-specific differences
in the human kidney. One hundred and sixteen (116) of these differentially methylated sites are in/near members region as associated with
DMET superfamilies, of which 11 were identified as having DNA methylation levels greater than 5% between the sexes. These 11 differentially
methylated sites were associated with the following DMETs: SLC6A2,
SLC6A4, SLC6A9, SLC16A14, SLC25A36, SLC25A17, SLCO1B3, SLCO2A1,
CYP51A1, PON1, and CES1. mRNA expression of the 11 DMET genes also
exhibited sex-specific differences. Additionally, differential methylation
between sexes was found to be associated with altered microRNA levels.
Our results highlight that epigenetics contributes to sex-specific differences in normal human kidney in which sex differences in DNA methylation is also shown to be associated with altered expression of DMETs.
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rescue work shows that both chromatin de-silencing and embryonic
lethality transgenerational phenotypes are dependent on the proper
regulation of repressive histone marks, specifically H3K27m3 and
H3K9me3. Continuing this work will allow us to determine the epigenetic pathway requirements for transgenerational environmental effects.

1343 Identification of the Sites of Acrolein-Lysine

Adducts on Histone Proteins and Their Impact
on Chromatin Assembly

D. Chen. New York University, Tuxedo Park, NY.
Acrolein is an α,β-unsaturated aldehyde, which is a major component of
cigarette smoke and cooking fumes. It has recently been implicated as
a potential major carcinogen of smoking-related lung cancer; however,
underlying mechanisms have not been fully understood. In this study,
using mass spectrometry we found that acrolein reacts with lysine
residuces, including lysines 5 and 12, sites important for chromatin
assembly, on histone H4 in vitro and in cells. Histone acetyl transferase
(HAT) assays and Western blot analysis revealed that acrolein-modified
histones are resistant to acetylation and the level of H4K12 acetylation
is reduced following acrolein exposure. Co-immunoprecipitation assays
and time-lapes microscopy demonstrated that the association of H3/
H4 with the histone chaperone ASF1 and translocator protein importin
4 is disrupted and the nuclear import of GFP-tagged H3 is inhibited in
cells exposed to acrolein. Interestingly, in vitro plasmid supercoiling
assays showed that treatment of either histones or ASF1 with acrolein
has no effect on formation of plasmid supercoiling, indicating that
acrolein-protein adduct formation itself does not directly interfere with
nucleosome assembly. Notably, exposure of histones to acrolein prior
to histone acetylation leads to the inhibition of remodeling and spacing
factor (RSF)-mediated chromatin assembly, which requires acetylated
histones for efficient assembly. These results suggest that acrolein compromises chromatin assembly via reacting with histone lysine residues
at the sites critical for chromatin assembly and prevents these sites from
physiological modifications. Defective chromatin assembly is linked to
cancer, therefore, our data provide insight into mechanisms underlying
acrolein carcinogenesis.

1345 Determining the Genetic Requirement for BPA’s
Effect on Germ Cell Epigenetic Regulation

G. Gutierrez1, J. Camacho2, and P. Allard2. 1California State
University, Northridge, CA; and 2University of California, Los
Angeles, CA.
The overall goal of our project is to design a quick and efficient method
to identify chemicals that may be causing reproductive effects that
are heritable through epigenetic mechanisms. Using the nematode
C. elegans as an epigenetic model, we have established that germline
de-silencing effects after exposure to BPA last for at least three generations. Most worms showing de-silencing in the first, second and third
generation originate from worms showing de- silencing in the parental
exposed generation indicating that the effect is inherited. Following
these findings, my work focused on rescue experiments to demonstrate
dependence of specific histone modifying-activity for transgenerational effects. To this aim, we are chemically targeting repressive marks
H3K9me3 and H3K27me3 in an attempt to decrease transgenerational
GFP de-silencing effect after BPA exposure. Our worms are exposed
to BPA then subjected to chemical rescue treatment using a combination of IOX-1 (an H3K9 demethylase inhibitor) and GSK-J4 (an H3K27
demethylase inhibitor), one generation after the initial BPA exposure.
Our results indicate that chemical rescue can significantly decrease
(*p<0.05) germline GFP expression in F2 and F3 generations. Currently,
we seek to establish if these chemical rescue effects can also be correlated with a rescue in transgenerational fertility effects. In conclusion,
our work shows that the inheritance of BPA’s effect on the germline
chromatin is likely dependent on the histone modifications H3K9 and
H3K27 trimethylation.

1346 Longitudinal Effects of Developmental Bisphenol
1344 Toxicogenomics Reveals Dynamic Baseline
Changes and Overlapping Effects of
Epigenotoxicant Exposure on Stem Cell
Differentiation and Tissue Development
Networks
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C. A. Hobbs2, N. Sinha2, N. Chepelev2, R. Gagné1, N. Christy2, C. L.
Yauk1, and L. Recio2. 1Health Canada, Ottawa, ON, Canada; and
2Integrated Laboratory Systems, Research Triangle Park, NC.
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Pluripotency and differentiation processes are regulated by networks of
genes controlled, at least in part, by the stem cell epigenome. Disruption
of this finely tuned regulatory circuit by exposure to drugs and environmental chemicals can lead to adverse health effects. A biomarker
panel capable of detecting a chemical’s potential to impact the stem
cell epigenome could have utility for hazard identification. Induced
pluripotent stem (iPS) cells are similar to embryonic stem cells in
chromatin structure and gene regulation. We first used the ACS-1007
(ATCC-HYR0103) human iPS cell line and next generation sequencing
(RNA-seq) to examine spontaneous gene expression changes in iPS cells
seeded as single cells in 96-well dishes and cultured for up to 4 days.
Notably, there were dynamic changes in the transcriptome, especially
on Days 3-4, largely related to cellular homeostasis, cell death and survival, and differentiation. Next, iPS cells were exposed to three chemicals known to affect histone post-translational modifications–valproic
acid (histone deacetylase inhibitor), garcinol (histone acetyltransferase
inhibitor), or 3-deazaneplanocin-A (DZNep; histone methyltransferase
inhibitor). After 24 hours of exposure, cells from three replicate plates
were harvested for mRNA isolation and concurrent assessment of cell
viability. RNA sequencing demonstrated substantial dose-dependent
changes in gene expression that correlated with increasing cytotoxicity.
Bioinformatic analyses demonstrated that over multiple doses of all
three chemicals there was considerable overlap in the most affected
biological functions, including processes related to stem cell differentiation and tissue development. Moreover, comparison of genes differentially expressed in response to at least two doses of all three chemicals
identified 542 shared genes, implying that these chemicals affect some
common pathways and genes. Our study suggests that a toxicogenomic
approach may prove useful for developing a predictive signature of
chemically-induced epigenetic responsiveness in human stem cells.
(Supported by NIEHS: 1R43ES023526-01; 2R44ES023526-02)

A Exposure, Variable Diet, and Physical Activity
on Age-Related DNA Methylation Patterns in
Mouse Blood

J. Kochmanski, E. H. Marchlewicz, and D. C. Dolinoy. University of
Michigan, Ann Arbor, MI.
Previous work indicates that DNA methylation status changes as a
function of age in humans and animal models, a process described as
“age-related methylation.” Recent reports have shown nutrient- and
toxicant-mediated shifts away from the baseline rate of age-related
methylation, a concept we have termed “deflection.” We tested the
hypothesis that developmental exposure to bisphenol A (BPA), variable
diet, and/or physical activity results in deflection of age-related methylation, as measured via longitudinal target loci methylation in matched
mouse blood (2, 4, and 10 months of age). DNA methylation levels were
quantified at two repetitive elements (LINE-1, IAP), two imprinted genes
(Igf2, H19), and one non-imprinted gene (Esr1) in isogenic mice exposed
to Control, Control+BPA (50 µg/kg diet), Western, or Western+BPA diets.
All exposures began two weeks prior to mating and continued through
gestation and lactation. Longitudinal spontaneous physical activity was
measured prior to each blood draw using an integrated open-circuit
calorimetry system. To better characterize whether age-related methylation is driven by changes in 5-methylcytosine or 5-hydroxymethylcytosine, we quantified hydroxymethylation and methylation levels in blood
using two genome-wide sequencing methods -- hydroxymethylated
DNA immunoprecipitation sequencing (hMeDIP-seq) and enhanced
reduced representation bisulfite sequencing (eRRBS). Sequencing
results for all three ages were compared using the mint bioinformatics
pipeline. Across age, methylation levels in blood significantly increased
at Esr1 (p=0.05), but did not show significant changes at the other loci.
LINE-1 demonstrated significant negative deflection of age-related
methylation by Western diet exposure (p=0.01), and Esr1 demonstrated
significant negative deflection by both Western diet (p=0.001) and
physical activity (p=0.01). Combined, our results suggest that age-related methylation is a gene-specific biological process that is sensitive
to both early-life environmental factor exposures and life-course behaviors such as physical activity. Further analysis of hMeDIP-seq and eRRBS
will facilitate the identification of new candidate regions for age-related
methylation deflection by developmental exposures.

Higher Temperature Regulated by Alterations
of Histone Methylation Status: A MultiGenerational Epigenetic Approach

J. Jung, N. Chatterjee, and J. Choi. University of Seoul, Seoul, Korea,
Republic of. Sponsor: B.-H. Lee.
Epigenetics possess reversibility and also heritable transgenerational
transfer of epigenetic marks which argues for it inclusion in environmental health risk assessment. The aim of the present study was to
evaluate the role of histone methylation in multi-generational exposure to elevated temperature. To this end, we used C.elegans as model
systems and two temperature conditions (20oC, optimum temperature
for C.elegans and 23oC, as higher temperature condition). We found that
the first generation lifespan was markedly decreased which were eventually adapted until sixth generations (F6). Likewise, lifespan the reproduction and brood size also exhibited adaptation in F5-F6 generation
after significant alterations in first generations of exposures. Next, we
found that in mes-2 (H3K27 di-/trimethyl transferase) marked up-regulation of reproduction which was maintained in following generations
while significant decrease in reproduction in utx-1 (H3K27 demethylase)
mutant due to higher (23oC) temperature exposure. These results were
further supported with the gene expressions data of each generation.
On the contrary, other histone methylation related genes and mutants’
(met-1, H3K36 trimethylase; met-2, H3K9 trimethylase; set-2 H3K4 methyltransferase; spr-5, H3K4me2 demethylase) reproduction did not show
significant alterations due to exposure to elevated temperature. Taken
together, our results clearly showed that exposure to elevated temperature caused H3K27 demethylation and we anticipate mapping the
altered H3K27me3 regions through ChIP-seq and how their pattern of
alterations relate with adaptation to elevated temperature in the successive generations.

1348 Developmental Effects of Ethanol and

5-Azacytidine on Japanese Medaka Fish (Oryzias
latipes) Epigenome

A. K. Dasmahapatra, and I. A. Khan. University of Mississippi,
University, MS.
During embryogenesis the epigenome played significant role in genetic
rearrangement and functions. Disruption of epigenome induces developmental disorders that may sometimes lethal. We are investigating
the role played by the epigenome in the induction of fetal alcohol
spectrum disorder (FASD), a developmental neurobehavioral disorder
observed in the offspring of alcohol abusing mother who consumed
alcohol during pregnancy. We have used Japanese medaka embryogenesis as our experimental model. Previously, we have observed that
medaka embryos exposed to physiologically relevant concentrations
of ethanol are able to induce FASD phenotypic features in the cardiovasculature and neurocranium. Moreover, 5-azacytidine (5-azaC), an
inhibitor of DNA methyl transferase (DNMT) enzymes, is also able to
induce FASD-like phenotypic features in medaka. We hypothesize that
both ethanol and 5-azaC have a common target that played key role
in FASD. Our analysis on DNMTs (dnmt1, dnmt3a, dnmt3bb, dnmt3b1)
and the methyl binding domain proteins (mbd1a, mbd1b, mecp2,
mbd3a, mbd3b) at the transcription level showed that both ethanol
and 5-azacytidine (5-azaC) were able to modulate the mRNA expression
which are gene-specific. We have extended our investigations to other
members of the epigenome such as mbd6, bromadomain adjacent proteins (baz1a, baz2a, baz2ba), SET-domain (set1), and Ten-eleven translocation (tet) family enzymes (tet1, tet2, tet3) at the transcription level.
Our data indicate that all these genes followed a distinct expression
pattern during embryogenesis and both ethanol and 5-azaC are able to
modulate the expression of these genes.

1349 Perinatal Exposure to Phthalates and Phthalate
Mixtures Alters Coat Color by Modifying the
Fetal Epigenome

D. Cheatham, K. Neier, L. D. Bedrosian, and D. C. Dolinoy.
University of Michigan, Ann Arbor, MI.
Epidemiological studies on phthalate exposures indicate hormone disruption in adults and developmental perturbations from prenatal exposures, but the involved mechanisms are not fully understood. The field
of the developmental origins of health and disease (DOHaD) indicates
an individual’s early environment may hold health implications across
the life course, and epigenetic modifications may serve as a mechanistic link. The murine viable yellow agouti (Avy) mouse model serves
as a visual proxy for DNA methylation and chromatin status at the Avy

locus due to its varying coat color phenotypes ranging from yellow
(hypomethylation; histone acetylation) to brown (hypermethylation;
repressive histone methylation). We used the Avy mouse model to test
the hypothesis that perinatal exposure to phthalates (di-(2-ethylhexyl)
phthalate (DEHP), di-isononyl phthalate (DINP), or di-butyl phthalate
(DBP)) or phthalate mixtures results in altered epigenetic programming. Dams were exposed to one of six diets (Control, 25mg DEHP/kg
chow, 25mg DBP/kg chow, 75mg DINP/kg chow, 25mg DEHP+75mg
DINP/kg chow, or 25mg DEHP+25mg DBP+75mg DINP/kg chow) two
weeks before mating through gestation and lactation. At weaning at
post-natal day 21 (PND 21) a single observer classified Avy mice into
one of five categories based on proportion of brown fur: yellow (<5%
brown), slightly mottled (between 5% and 40% brown), mottled (~50%
brown), heavily mottled (between 60% and 95% brown), and pseudoagouti (>95% brown). Coat color distributions between exposure groups
were compared using the Chi-square goodness of fit test. All maternal
phthalate diets except for DINP resulted in altered coat color distributions compared to control. Coat colors of mice exposed to DBP only
and to DEHP+DBP+DINP shifted towards the brown hypermethylated
phenotype (p<0.0001). The DEHP and DEHP+DINP treated groups were
statistically different from controls (p<0.05), but exhibited bimodal coat
color distributions. These results suggest that perinatal phthalate exposures alter DNA methylation at the Avy allele. Molecular analyses of DNA
methylation at Avy and at other target loci are currently underway.

1350 Environmental Estrogens As Modulators of

Tryptophan Catabolism and Maternal-Fetal
Health Environmental Estrogens As Modulators
of Tryptophan Catabolism and Maternal-Fetal
Health

B. Baier, J. Reed, and M. Susiarjo. University of Rochester,
Rochester, NY.
Increasing evidence have demonstrated that maternal exposure to
environmental chemicals is linked to reduced fertility, increased risk of
miscarriages, and increased frequencies of pregnancy complications.
Elucidating the underlying mechanisms would provide insights into
human reproductive health. In our global metabolomics analysis, we
observed that exposure to bisphenol A (BPA) resulted in increased fetal
and maternal levels of tryptophan in mice. Subsequent studies have
revealed that exposure is linked to reduced gene expression of the tryptophan catabolizing enzymes Ido1 and Ido2. Interestingly, tryptophan
catabolism plays an important role in pregnancy health, specifically in
maternal fetal tolerance, and reduced Ido1 gene activity has been linked
to pregnancy loss and complications. Despite this important role, it is
unknown how the genes are regulated during pregnancy and the role of
environmental exposures on this regulation has not been investigated.
Our laboratory has found that the Ido1 and Ido2 genes are expressed
in the mouse conceptuses at embryonic day (E) 7.5 and subsequently
expressed in the maternal decidua and placental tissues at E9.5, but
not embryonic tissues. We have found that exposure to BPA and tetrabromobiphenol A (TBBPA) significantly reduces Ido1 and Ido2 gene
expression. Furthermore, the Ido1 transcript is expressed exclusively
on the maternal chromosome during development and is regulated by
allele-specific DNA methylation. Ongoing studies investigate whether
BPA and TBBPA exposure is linked to perturbed DNA methylation at the
locus. In the future, we will analyze how these molecular phenotypes are
linked to reproductive outcomes.

1351 Different Behavioral Experiences Differentially

Modulate Brain Epigenetic Profiles in a Sex- and
Region-Dependent Manner

M. Sobolewski2, G. Varma1, K. Conrad2, D. Anderson1, M. Ault1,
Z. Lu1, J. Schneider1, and D. A. Cory-Slechta2. 1Thomas Jefferson
University, Philadelphia, PA; and 2University of Rochester Medical
School, Rochester, NY.
Epigenetic changes represent a mechanism for the central nervous
system to adjust to an ever-changing environment. Behavioral experience (BE) itself, particularly in development, but also adulthood, can
modify the epigenome. While both positive and negative BEs have
been individually shown to modify epigenetic markers, the capacity of
variable types of behavior to produce similar or unique alterations on
the brain epigenome is unknown. This study contrasted the impacts of
positive and negative BE on frontal cortex and hippocampal post-translational histone modifications (PTHMs). Adults of both sexes were
assigned to receive either no BE, positive BE (food reward on a fixed
interval schedule of behavior) or negative BE (restraint stress followed
by inescapable forced swim). Levels of PTHMs (H3K9ac, H3K4me3
H3K9me2 and H3K27me3) and expression of associated histone modifying genes (Kat2a, Hdac1, Kmt2b, Kdm5d, Ehmt2, Kdm1a, Ezh2 and
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1347 Adaptation of Caenorhabditis elegans to

Kdm6a) were measured by Luminex multiplex assay and real time
PCR, respectively. BE, either positive or negative, impacted expression
of all PTHMs, but the pattern of changes differed by brain region and
sex. In females, both positive and negative BE similarly but marginally
reduced PTHMs in frontal cortex relative to no-behavior, whereas this
effect was of greater magnitude in hippocampus. In males, PTHM levels
were increased by positive and reduced by negative BE in frontal cortex,
but the reverse pattern, i.e., increases with negative and decreases with
positive BE occurred in hippocampus. Together, these data suggest a
critical role of the nature of the BE in influencing the subsequent profile
of PTHMs and underscore the dynamic nature of epigenetic changes.
Further, these BE-induced changes in PTHMs were both sex- and regionally- specific, indicating the need for such variables to be considered in
relating epigenetic changes to brain and behavioral function. Finally,
these findings also have significant implications for experimental
designs, indicating the necessity of including non-behavioral control
groups, as epigenetic markers are likely to differ pre- and post-behavioral experience. (Supported by NIH ES021534)

1352 PFOS Modulates Interactive Epigenetic

Regulation in First Trimester Human Trophoblast
Cell Line

M. Choudhury, and R. Sonkar. Texas A&M University, College
Station, TX. Sponsor: J. Flaws.
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Persistent organic pollutants have been linked to adverse pregnancy
complications. Perfluorooctanesulfonic acid (PFOS), a man-made fluorosurfactant and global pollutant, has been shown to induce oxidative
stress (OS) in several cell types. OS is involved in various placental diseases including preeclampsia, spontaneous abortion, preterm labor,
and IUGR. We hypothesize that PFOS induces OS in the placenta and
mediates its effects through an interactive epigenetic regulation. HTR8/
SVneo cells were treated with several doses (0.1, 10, and 50 μM) of PFOS
for 24 hrs. PFOS induces significant OS (p<0.01) and upregulated an OS
responsive miR-29b (p<0.05) while regulating other epigenetic factors.
PFOS significantly downregulated DNMT1, DNMT3A, DNMT3B, Sirt-1,
and Sirt-3 gene and protein expression (for all, DMSO vs. PFOS p<0.01;
for Sirt-1 and Sirt-3 DMSO vs PFOS p<0.001; for protein expression of
DNMTs and Sirt-1 p<0.05 and Sirt-3 p<0.001, respectively) with a concomitant global DNA hypomethylation (p<0.01) and protein hyperacetylation (p<0.01). In addition, the combinatory treatments of PFOS
and 5-Aza further downregulated DNA methylation (p<0.001) and DNA
methyltransferase genes and protein expressions (p<0.01 and p<0.05)
compared to PFOS or 5-Aza alone. Knockdown of miR-29b significantly
decreased ROS production (p<0.05), decreased acetylated lysine expression (p<0.01), and increased global DNA methylation (p<0.001) with
or without PFOS exposure. Therefore, modulation of miR-29b by PFOS
leads to oxidative stress via DNA methylation and protein acetylation.
This study provides for the first time a novel insight into PFOS-induced
oxidative stress via regulation of several epigenetic circuits in placenta
that may lead to pregnancy complications.

1353 Elevated Fetal Cord Blood Cotinine Levels

Associated with Increased DNA Methylation at
the Human Metastable Epiallele PAX8

R. Joglekar, C. Grenier, Y. Liao, and S. K. Murphy. Duke University,
Durham, NC.
Metastable epialleles (MEs), or stochastically-methylated regions of the
genome, are vulnerable to environmental stressors and may play a role in
the developmental origins of health and disease (DOHaD). Methylation
perturbations at MEs in developing mice have been extensively examined as contributors to metabolic disease later in life. Recently, human
MEs were identified and found to exhibit altered methylation associated with the periconceptional availability of nutrients, in agreement
with prior rodent studies. However, little is known about the vulnerability of MEs to environmental exposures such as tobacco smoke (TS).
Close to 15% of pregnant women smoke, and nearly 75% of pregnant
mothers are exposed to second-hand smoke (SHS). Considering recent
evidence that nicotine represses DNA methyltransferase enzymes in the
brain, we hypothesized that DNA methylation at the human ME PAX8 is
altered by developmental exposure to TS. PAX8 encodes a master regulator transcription factor important to normal cellular function. Our data
showed that the stochastic and interindividual variation in DNA methylation at PAX8 is consistent with PAX8 comprising a ME. Moreover, DNA
methylation at PAX8 in cord blood increased with increasing cotinine
levels (no exposure=0-<0.2 ng/mL, SHS exposure=0.2-<15 ng/mL, light
smoking=15-<100 ng/mL, heavy smoking= >100 ng/mL). Methylation
was significantly increased in the light and heavy smoking groups as

compared to the no smoking group (p=0.005 and p=0.02, respectively).
Our data suggests that human PAX8 is vulnerable to developmental TS
exposure. Further investigation is needed to ascertain how hypermethlyation at PAX8 functionally impacts PAX8 transcription and how this
might increase the risk of disease.

1354 Multi-Generational Impacts of Arsenic Exposure
on DNA Methylation and Their Implication in
Arsenic Carcinogenesis

X. Chen2, X. Guo3,1,, D. Gaile2, J. Wang2, Z. Liu1, H. Wu3, and X. Ren2.
1Inner Mongolia Medical University, Hohhot, China; 2SUNY at
Buffalo, Buffalo, NY; and 3Wenzhou Medical University, Wenzhou,
China.
Exposure to arsenic, an established human carcinogen, is a significant
worldwide public health concern. Increasing evidence has suggested
that arsenic is a strong regulator of the epigenome, i.e. DNA methylation. However, evidence from human studies particularly is lacking in
our understanding of the carcinogenic relevance of arsenic-induced
aberrant DNA methylation, and in what extent aberrant DNA methylation persist after arsenic exposure. To shed lights on these questions, we
performed a pilot family-based study in Hetao Plain in Inner Mongolia,
China, where the changes of drinking water sources in past decades
created a unique arsenic exposure scenario among families living in
this region: grandparents, parents and grandchildren living in the same
family were exposed to arsenic in adulthood, in utero/early childhood,
and in germline, respectively. In this pilot study, we analyzed 18 exposed
families vs. 9 control families vs. 18 arsenicosis/skin cancer patients; our
data showed that significantly more genomic loci were differentially
methylated in the parent generation, indicating that early life exposure
(in utero/early childhood) may be more susceptible to arsenic-induced
DNA methylation alterations. Furthermore, global DNA methylation
profiling indicated significant overlap of genomic loci with altered
DNA methylation levels across generations (i.e., common methylation
alterations present despite differences in timing of arsenic exposure).
Lastly, a set of differentially methylated loci (DMLs) and genomic regions
(DMRs) were manifested in arsenicosis/skin cancer patients. Together,
it suggests that arsenic exposure disrupts global DNA methylation and
leaves traceable aberrant DNA methylation marks even if exposure
being stopped decades ago, which persists and can be identified across
multiple generations and are enriched in people with a higher risk for
arsenic-induced toxicity and carcinogenesis.

1355 Effects of PBB Exposure on Sperm and Future
Generations

K. L. Fowler3, P. M. Estave3, S. K. Thompson3, C. A. Rickman3, A. N.
Steves2, D. A. Clarkson-Townsend1, E. M. Marder1, H. Barton1, M. L.
Terrell1, M. Marcus1, and C. A. Easley3. 1Emory University Rollins
School of Public Health, Atlanta, GA; 2Emory University School of
Medicine, Atlanta, GA; and 3University of Georgia College of Public
Health, Athens, GA.
In 1973, Michigan Chemical Company mistakenly shipped thousands of
pounds of FireMaster, a polybrominated biphenyl (PBB) flame retardant,
to the Michigan Farm Bureau where it was incorporated into animal feed
and then into the food chain across Michigan. As a direct result of this
contamination, an estimated 6.5 million Michigan residents consumed
PBB-laced beef, poultry, and dairy products leading to one of the largest
commercial accidents in US history. To date there have been no largescale studies investigating the effects of PBB on epigenetics in gametes
which could explain some of the developmental defects observed in
children of PPB exposed parents. We are particularly interested in effects
of PBB exposure on spermatogenesis because defects in sperm epigenetics can cause profound effects in offspring. Here, we show preliminary data using an exciting new strategy fusing epidemiological
approaches with a novel in vitro model to demonstrate that PBB exposure alters the epigenome in male gametes. Specifically, we assessed
global DNA methylation and imprint control region (ICR) methylation
for 4 genes (H19, IGF2, IGFR2, and SNRPN) on 102 semen samples from
the Michigan PBB Cohort (45 first generation samples and 57 second
generation samples). Semen samples from PBB exposed men and 2nd
generation men showed decreased levels of H19 ICR methylation while
most samples showed normal methylation patterns on paternal imprints
(IGF2, SNRPN) and a biallelically-expressed gene (IGFR2). Using our stem
cell-based in vitro spermatogenesis model, we show that PBB exposure
in vitro decreases H19 ICR methylation similar to levels observed in our
cohort semen samples. Furthermore, PBB appears to impact H19 ICR

1356 The Role of Sp1 in Cadmium-Induced DNA
Methylation Changes

M. Cowley, and K. Hudson. North Carolina State University,
Raleigh, NC.
Cadmium (Cd) is a toxic heavy metal found ubiquitously in the environment and is of increasing concern to human health. Exposure to Cd has
been associated with adverse health effects including various forms of
liver disease, kidney disease, and cancer. Cd exposure is associated with
perturbations to epigenetic marks such as DNA methylation; however,
the mechanisms linking Cd exposure to altered DNA methylation are
unclear. Cd has high affinity for cysteine residues, which are found in
the DNA binding domain of numerous zinc (Zn) finger transcription
factors such as Sp1. Sp1 activates transcription of DNA methyltransferases (Dnmts), the enzymes required for maintenance and de novo DNA
methylation. In vitro, Sp1 has been shown to have reduced DNA binding
in the presence of Cd in a dose-dependent manner. We hypothesize that
Cd disrupts Sp1 Zn finger function, leading to reduced Dnmt expression and ultimately reduced global DNA methylation. Preliminary data
suggest that Dnmt expression, Dnmt protein, and global DNA methylation levels are reduced following in vitro Cd exposure in a dose-dependent manner, while Sp1 levels remain constant. Supplementing Cd
exposure with Zn can partially rescue Cd-induced DNA hypomethylation. Preliminary computational modeling data suggest that Cd substitution for Zn may alter the structure of the second Zn finger of Sp1
when bound to DNA, potentially hindering the ability of Sp1 to bind to
DNA and activate Dnmt expression. Future work includes quantifying
changes of Sp1 binding to Dnmt promoters following Cd exposure, as
well as perturbing Sp1 Zn fingers in the absence of Cd to measure the
effect on Dnmt expression and DNA methylation. Results from these
studies will provide the first empirical evidence of a mechanism linking
Cd exposure with altered DNA methylation; this will ultimately contribute toward a better understanding of the mechanisms underlying
Cd toxicity and will be important in developing therapies to mitigate the
effects of Cd exposure.

1357 Nickel Exposure Induces Epithelial-Mesenchymal
Transition through Epigenetic Reprogramming

S. Cuddapah, C. Jose, V. S. Tanwar, and L. Jagannathan. New York
University School of Medicine, Tuxedo, NY.
Nickel compounds are environmental carcinogens associated with the
development of lung and nasal cancers in humans. Although Ni is a
proven carcinogen, its mutagenic potential is low and the molecular
basis of Ni-induced carcinogenicity is not fully understood. To gain
insights into the molecular basis of nickel-exposure associated disease
processes, we comprehensively analyzed Ni-induced alterations to the
transcriptional program and chromatin modifications in immortalized
non-cancerous human lung epithelial, BEAS-2B cells. Our results show
that Ni exposure resulted in differential expression of several genes.
While the transcriptional levels of several genes reverted to basal levels
when the Ni-exposed cells were cultured without Ni for several generations (Ni-washed-out cells), a subset of genes remained differentially expressed. This suggests that Ni-exposure could elicit persistent
changes to the transcriptional program. Analysis of the persistently
differentially genes revealed epithelial-mesenchymal transition (EMT)
to be the most activated biological process. Examination of mRNA and
protein levels of epithelial and mesenchymal markers, as well as phenotypic characterization of the Ni-washed-out cells further confirmed
acquisition of EMT phenotype. Since EMT process can contribute to
disease conditions through its association with fibrosis and cancer progression, these results suggest the importance of Ni-induced persistent
gene expression alterations in disease processes. Investigation of the
epigenetic features of the differentially expressed genes in Ni-exposed
and Ni-washed-out cells revealed stable alterations in histone modification profiles. This suggests epigenetic reprogramming as a basis for
long-term gene expression alterations induced by Ni exposure.

1358 Arsenic Exposure Creates a Unique Protein

Interaction Landscape for the Histone mRNA
Stem Loop Binding Protein

T. L. Des Marais2, M. M. LaRue1, T. Kluz2, H. Sun2, and M. Costa2.
1New York University, New York, NY; and 2New York University,
Tuxedo, NY.
The stem-loop binding protein (SLBP) is responsible for the maturation,
translation, and metabolism of the replication-dependent canonical
histone genes. Exposure to arsenic compounds results in a reduction
in SLBP protein levels, and interestingly a significant structural change
in the mature histone mRNAs. These mRNAs that normally contain a
highly conserved 3’ stem loop, the site of SLBP binding, acquire a
poly(A) tail in the 3’ end. It is hypothesized that this abnormal event
can give rise to cellular transformation and carcinogenesis. It is possible
that changes in SLBP protein interactors are responsible for changes in
SLBP levels, and thus this observed change in histone 3’ end formation.
Identification of protein interactors that could lead to decreased SLBP
activity, displacement from histone mRNAs, or degradation is important
to understanding the overall apparent carcinogenic effect of this phenomenon. An HEK293 cell line was generated to stably overexpress a
FLAG-tagged SLBP protein. Immunoprecipitation was used to isolate
SLBP in its native conformation with all of its protein binding partners.
A proteomic mass spectrometry analysis was utilized to detect SLBP
protein interactors in response to acute arsenic exposure. The analysis
revealed that while many common protein partners remain unchanged
by arsenic exposure, some proteins have a decreased association, and
more importantly, several SLBP unique interactors have been identified in response to arsenic. Assessments of Biological functionality and
GO annotation indicate that of these unique interactors, some function
mainly as RNA-binding proteins, involved in 3’ UTR binding, mRNA stability and mRNA metabolism. Considering that SLBP binds RNAs as well,
these unique interactors could be inducing the observed effects on
SLBP protein levels, histone mRNA structure and stability. These findings
provide strong evidence for epigenetic dysregulation of mRNA by inappropriate protein interactions with the SLBP histone processing protein
in response to arsenic exposure.

1359 Roles of Long Noncoding RNAs in

Acetaminophen-Induced Liver Injury in Human
Liver Cells

D. Yu, L. Wu, B. Knox, Y. Wang, S. Chen, Z. Ren, L. Guo, W. Xiao, W.
Tong, and B. Ning. US FDA/NCTR, Jefferson, AR.
Acetaminophen (APAP) is one of the most widely used therapeutic
agents in the USA; however, APAP has a direct hepatotoxic potential
if it is overdosed. Long noncoding RNAs (lncRNAs), a group of non-protein coding transcripts longer than 200 nucleotides, has drawn a great
attention in recent years as a new class of regulators in a range of
developmental processes and disease pathology. In this study, we systematically analyzed the gene and lncRNA expression profiles in APAPtreated HepaRG cells, and selected the candidate lncRNAs that may
regulate genes encoding key drug metabolizing enzymes and transporters (DMETs) involved in APAP processing, and the genes encoding
nuclear receptors (NRs) using in sillico analyses, and then characterized
the functional roles of lncNRAs by a series of in vitro and in vivo analyses.
Generally, 2,757 genes and 1,340 lncRNAs were differentially expressed
after APAP treatment in HepaRG cells. In silico analyses showed that
the significantly positive correlations between LINC00261, LINC00574,
RP11.1151B14.3, RP11.116D2.1, or RP11.1260E13.2 and CYP2E1, CYP3A4,
SULT2A1, UGT1A1, HNF1A, HNF4A, or NR1I2 in a cohort of human liver
tissue samples. The endogenous expression of above genes was significantly suppressed by the transfection of siRNAs or antisense oligonucleotides (ASOs) for cognate lncRNAs. Importantly, the transfection
of siRNAs or ASOs for cognate lncRNAs effectively rescued cells from
cytotoxicity shown by a decreased alanine aminotransferase (ALT) level
in APAP-treated HepaRG cells. Our results suggest that lncRNAs may
play important roles in hepatotoxicity by regulating DMETs and NRs
expression.
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methylation by reducing DNMT (DNA methyltransferase) activity. These
exciting but preliminary results suggest that PBB exposure causes transgenerational epigenetic alterations that can contribute to health concerns in subsequent generations by directly impacting DNMT enzyme
activity to reduce DNA methylation on at least one maternal imprint.

1360 Multiple microRNAs Function As Regulators in
Acetaminophen-Induced Liver Injury

B. Ning2, D. Yu2, L. Wu2, P. Gill1, J. Sun2, L. Schnackenberg2, B.
Knox2, W. Xiao2, Y. Wang2, S. Chen2, Z. Ren2, L. Guo2, W. Mattes2,
W. Tong2, L. James1 , and R. Beger2. 1University of Arkansas for
Medical Sciences and Arkansas Children’s Research Institute, Little
Rock, AR; and 2US FDA/NCTR, Jefferson, AR.
Acetaminophen (APAP) overdose is the leading cause of acute liver
failure. MicroRNAs (miRNAs) are a family of small non-coding RNAs that
control gene regulation epigenetically. To elucidate the roles of miRNAs
in APAP-induced liver injury, we systematically analyzed the gene and
miRNA expression profiles in APAP-treated HepaRG cells, and selected
candidate miRNAs that target the key drug metabolizing enzymes,
transporters (DMETs) and DMET regulators–nuclear receptors, and then
investigated the underlying mechanisms by a series of biochemical or
biological assays. We identified 2,757 genes and 47 miRNAs differentially expressed in APAP-treated HepaRG cells. The hsa-miR-224-5p, hsamiR-320a, hsa-miR-449a, and hsa-miR-877-5p were predicted to target
the CYP3A4, HNF1A, HNF4A and NR1I2 directly. Luciferase reporter assays
and the endogenous expression of above genes were suppressed by
transfection of corresponding miRNAs. RNA electrophoresis mobility
shift assays and miRNA pull-down assays displayed direct interactions
between miRNAs and their cognate mRNA transcripts. Importantly,
exogenous transfection of these miRNAs effectively rescued APAP toxicity in HepaRG cells, as indicated by decreased alanine aminotransferase (ALT) and lactate dehydrogenase (LDH) levels. Analysis of serum
samples from control (n=6) and APAP overdose (n=6) subjects demonstrated elevation of hsa-miR-320a and hsa-miR-877-5p in the APAP overdose group, compared to the controls. The results suggest that hsa-miR224-5p, hsa-miR-320a, hsa-miR-449a, and hsa-miR-877-5p may regulate
APAP-induced liver injury, by suppressing DMET expression directly or
indirectly through HNF1A, HNF4A or NR1I2 modulation.

1361 Bias and Conflict of Interest in Conducting

Research and Risk Assessments: Perspectives
from Academia, Government, Industry, and
Others
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K. D. Yi. Syngenta Crop Protection, LLC, Greensboro, NC.

SOT 2017 Annual Meeting

Charges or claims of conflict of interest (COI) are made with increasing
frequency with regard to suspicion that personal employment, associations, or funding sources will interfere with the ability of a scientist to
objectively conduct or interpret studies, and/or serve on peer review
or advisory panels. A frequent concern is funding sources. As public
funding for scientific research decreases and becomes more competitive, researchers are seeking funding from other sources (e.g. nonprofit organizations, special interest groups, industry, foundations, and
advocacy groups). How can we address these concerns in a way that
makes best use of the data and talents of all? COI is generally defined as
a personal financial interest that interferes with the individual’s ability
to perform objectively. The National Academies (2003) define conflict of
interest as “any financial or other interest which conflicts with the service
of the individual because it (1) could significantly impair the individual’s
objectivity, or (2) could create an unfair competitive advantage for any
person or organization. The term ‘conflict of interest’ means something
more than individual bias. There must be an interest, ordinarily financial,
that could be directly affected ” In addition, “questions of lack of objectivity and bias ordinarily relate to views stated or positions taken that are
largely intellectually motivated or that arise from the close identification or association of an individual with a particular point of view or the
positions or perspectives of a particular group. Some potential sources
of bias, however, may be so substantial (e.g., where one is totally committed to a particular point of view, and unwilling, or reasonably perceived to be unwilling, to consider other perspectives or relevant evidence to the contrary).” SOT has developed definitions and guidance
for members regarding COI, bias, and advocacy (http://www.toxicology.
org/about/vp/coi.asp) . This roundtable session will begin with a philosopher of science examining three philosophical criteria for objectivity
in science: transparency, reproducibility, and critical review. This will
be followed by scientists from various sectors (government, contract
research organization (CRO), academia, private sector, and scientific
society) who will reflect upon COI and potential for bias in their professional work (e.g., interpretation and application of their work), and how
one might mitigate or manage biases and conflicts of interest. Speakers
will address questions such as: How are affiliation (e.g., industry, NGO,
consultant) and funding source (e.g., government, foundation, industry)
viewed when evaluating potential conflicts of interest and bias? Do (or
how might?) funding sources influence study design, reporting of data,
and interpretation? How can concerns regarding COI and bias on peer
review and advisory panels be managed with reviewers, editors, and
publishers? How can bias and conflict of interests be minimized? Can
systematic review approaches help to minimize effects of bias/COI?

Is GLP an effective tool to address consistency and transparency? Do
standardized/validated test guidelines provide solutions to address
consistency, reproducibility, and transparency? Can transparency be
satisfied with requirements for raw data availability? Is it practical to
call for blinding or double-blinding experimental studies? How do we
deal with publication bias? Conflict of interest and bias are on-going
issues in toxicology research and use of study results. It is important to
recognize possible sources of COI and bias and develop ways to mitigate
the potential effects. This session will provide an opportunity for participants to discuss openly issues around conflict of interest, and how
COI and bias might affect scientists’ work, as well as their integrity and
credibility.

1362 Advances in Preclinical Safety Testing: Progress
in Implementation of ICH Guidances

K. S. Loveday. Biogen, Cambridge, MA.
New strategies and approaches for preclinical safety testing are progressing at a rapid pace. The International Conference on Harmonisation
(ICH), which consists of drug regulatory authorities from Europe, Japan,
United States, Switzerland, and Canada, along with regional pharmaceutical trade associations, is responsible for generating standardized
scientific and technical aspects of pharmaceutical product development
and registration. ICH has clearly recognized a need to revise several
existing safety guidances and develop new ones based on evolving
science. The Preclinical Safety Leadership Committee (DruSafe) in the
International Consortium for Innovation and Quality in Pharmaceutical
Development (IQ) provides technical and scientific support in the development of these safety guidances. DruSafe also promotes an awareness
of, and facilitates discussions on, implementation issues. This session
will feature speakers from EMA and pharmaceutical companies to
review progress, implementation issues, and scientific considerations
and contributions for several new and revised ICH Guidances including:
ICH–Carcinogenicity Studies for Human Pharmaceuticals. In 2013, ICH
initiated a project to evaluate the ability of sponsors and drug regulatory authorities (DRAs) to use a weight-of-evidence approach for
carcinogenicity assessments as an alternative to conducting 2-year rat
studies, when appropriate. This presentation will review the status of the
project, and provide a DRA assessment on opportunities to build better
alignment on the predictions between sponsors and DRAs, with a focus
on the value of pharmacology data. Successful implementation of this
approach will result in a reduction in unnecessary rat carcinogenicity
studies; ICH M7–Assessment and Control of DNA Reactive (Mutagenic)
Impurities in Pharmaceuticals to Limit Potential Carcinogenic Risk. This
guideline focuses on potential mutagenic impurities, which are classified into one of five risk categories. This presentation will describe key
elements of the guideline and highlight areas where issues in implementation may arise; Update on Proposed Revisions to ICH S5(R3)–
Correlation of In Vitro and In Vivo Assays of Developmental Toxicity. The
objectives of this revision are to align ICH S5 with recommendations
in other safety guidances, to provide better rationale for species and
dose selection (including human exposure data), and to offer recommendations on integrating in vitro teratogenicity and non-mammalian
in vivo testing strategies with in vivo mammalian embryo-fetal development (EFD) studies; ICH S11–Nonclinical Safety Testing in Support
of Development of Pediatric Medicines. An ICH Expert Working Group
has been convened to develop a harmonized guidance document for
nonclinical development of pediatric medicines. In this session, aspects
of juvenile animal studies that proved to be of most value for clinical
development will be identified, with a goal of achieving world-wide harmonization on when juvenile animal studies are needed, and provide
value for safe use of pharmaceuticals in pediatric populations.

1362b Supporting Open Data in Toxicology
G. M. Woodall. US EPA, Research Triangle Park, NC.
The goals of the session are to provide basic conceptual frameworks to
increase open access to toxicological data, encourage cross-discipline
collaboration, link existing toxicological research data with computational toxicology and Tox21, and ensure long-term sustainability for toxicological data resources into the future. The move toward open data
has increased across all scientific disciplines for several years. In Toxicity
Testing in the 21st Century, the NAS recommended development of
data management infrastructure “to enable broad data-sharing across
academic, government, industry, and NGO sectors and institutions.” A
February 2013 Memorandum from the Office of Science and Technology
Policy (Executive Office of the President of the United States) ordered
Federal Agencies to make data they create publicly available. SOT has
made several forays into this topic, including a CCT Session in May 2012,
“Building for Better Decisions,” and a roundtable session at SOT 2015
discussing the barriers to sharing toxicological data. In this session, presentations will move beyond the barriers to investigate what resources

1363 Population Genetic Diversity in Zebrafish Lines
and Its Implications for Toxicological Research

M. Balik-Meisner1, E. Scholl1, L. Truong2, R. L. Tanguay2, and D. M.
Reif1. 1North Carolina State University, Raleigh, NC; and 2Oregon
State University, Corvallis, OR.
Toxicological and pharmacological researchers have seized upon
the many benefits of zebrafish, including the short generation time,
well-characterized development, and early maturation as clear embryos.
A major difference from many model organisms is that standard husbandry practices in zebrafish are designed to maintain population
diversity. While this diversity is attractive for translational applications in
human and ecological health, it raises critical questions on how interindividual genetic variation might contribute to susceptibility differences
in response to chemical exposure and introduce variability between
labs. Findings from pooled samples of zebrafish support this supposition
of diversity yet cannot directly measure allele frequencies for reference
versus alternate alleles. Using the Tanguay lab Tropical 5D zebrafish
line (T5D), we performed whole-genome sequencing on a large group
(n=276) of individual zebrafish embryos. Paired-end reads were collected on an Illumina 3000HT, then aligned to the most recent zebrafish
reference genome (GRCz10). We found a median chromosomal identity
of 98.8% between T5D and GRCz10. We also built a custom assembly
for the T5D line. These data were used to compare the T5D genome to
the zebrafish reference build as well as the popular zebrafish lines WIK,
TU, TL, and AB. Even with strict filtering parameters and inclusion only
of sites in nonrepetitive regions of the genome, we found more than
twice as many single nucleotide polymorphisms (SNPs) in T5D than have
been reported in SNP databases for any of the WIK, TU, TL, or AB lines.
We hypothesize that some subset of the novel SNPs may be shared with
other zebrafish lines but have not been found in other studies due to the
limitations of capturing population diversity in pooled sequencing strategies. Our observations suggest that interindividual genetic diversity
within laboratory populations may be higher than currently estimated
and may have implications for differential susceptibility observed in toxicological studies.

1364 Comparative Toxicogenomics Database (CTD):

Integrating Chemical, Gene, Phenotype, Disease,
and Exposure Science Data

A. P. Davis, C. J. Grondin, R. Johnson, D. Sciaky, J. Wiegers, T. C.
Wiegers, and C. J. Mattingly. North Carolina State University,
Raleigh, NC.
The Comparative Toxicogenomics Database (CTD; http://ctdbase.org) is
a freely available resource that advances understanding about molecular mechanisms underlying environmental exposures and their effects
on human health by leveraging and integrating data from diverse
organisms. CTD includes manually curated content from the primary
literature in several areas: 1) our core content captures chemical-gene
interactions from vertebrates and invertebrates, gene-disease relationships and chemical-disease relationships; 2) chemical-phenotype

relationships detail chemically induced changes at the molecular, cellular, physiological, and organismal level across vertebrates and invertebrates; and 3) exposure content that captures detailed information
about population-based measurements of exposures and associated
outcomes. To date, CTD core contains over 1.6 million interactions for
14,700 chemicals, 42,777 genes, and 6,400 diseases; the exposure component includes more than 72,000 lines of data describing connections
between 805 environmental stressors and 510 outcomes (diseases and
phenotypes); and our chemical-phenotype module comprises over
80,500 interactions linking 5,200 chemicals to 2,900 biological phenotypes. All CTD curation is captured in a structured format using controlled vocabularies and ontologies, allowing the information to be integrated and accessed with user-friendly analytical tools. CTD has evolved
into an invaluable research tool for the toxicology community to help
advance an understanding of environmental influences on diseases,
assist in the identification of potential exposure biomarkers, and aid in
the capacity to conduct and interpret studies across species and experimental systems.

1365 Literature Review of Chemical Factors Affecting
Breast Cancer Risk

J. Stanko, V. Walker, S. Holmgren, and S. Fenton. NIEHS, Research
Triangle Park, NC.
Breast cancer remains one of the most common cancers worldwide.
Though breast cancer cases can be linked to established risk factors,
including genetics, most are associated with environmental factors,
such as chemical exposures. Our objective is to conduct a survey of the
literature and develop an understanding of the environmental causes
of breast cancer and chemical factors that influence breast cancer risk.
This effort will utilize DistillerSR literature review, SWIFT-Review textmining, and Health Assessment Workspace Collaborative (HAWC) data
management software systems. The initial process will comprise two
steps: 1) search PubMed to identify and retrieve pertinent literature
by employing an expansive list of breast-related search terms and 2)
screen the references using DistillerSR to identify those that are associated with effects on the breast/mammary gland. All relevant articles will
then undergo an evaluation of various aspects of the studies including
the environmental exposure, evidence stream, and type of outcome
using SWIFT-Review. The articles will also undergo risk of bias evaluation, data extraction, and systematic review using HAWC. Our initial
search returned 9479 articles, which were categorized based upon the
>100 breast-related search terms. A subset of 1153 articles pertaining
to endocrine disrupting chemicals was selected for pilot screening in
DistillerSR. Title and abstract screening returned 282 potentially-relevant articles and pdf review of these references resulted in 189 relevant articles. These articles were then uploaded into SWIFT-Review and
cross-referenced against a list of predetermined breast, mammary, and
developmental outcomes. The results of the pilot screenings, presented
here, will be used to generate a workflow for screening the remaining
7808 references in DistillerSR and SWIFT-Review. Ultimately, this survey
will provide a better understanding of research trends and data gaps
and enable us to formulate targeted questions for the HAWC evaluation,
allowing for the formation of evidence-based conclusions on the environmental factors of breast cancer risk.

1366 Investigating Pathways of Target-Mediated
Embryo-Fetal Toxicity by Applying Causal
Network Reasoning to Literature-Derived
Toxicity Biomarkers

R. J. Brennan6, F. Schmidt4, D. Liu7, C. Zhu7, K. Mi3, O. Gigonzac3, S.
Barbellion1, B. Beyer2, J. Richard5, E. Sweeney8, E. Rumyantseva8,
A. Ishkin8, and C. Le Brasseur5. 1Sanofi, Alfortville, France; 2Sanofi,
Bridgewater, NJ; 3Sanofi, Chilly-Mazarin, France; 4Sanofi, Frankfurt,
Germany; 5Sanofi, Montpellier, France; 6Sanofi, Waltham, MA;
7Sanofi Genzyme, Framingham, MA; and 8Thomson Reuters,
Philadelphia, PA.
Mechanistic pathways leading to embryo-fetal toxicity (EFT) following
in utero exposure to teratogenic pharmaceutical compounds are not
well-characterized. MAPR (Mechanisms of Adverse Pharmacological
Response) is an in silico approach developed to hypothesize and rank
causal pathways linking primary and secondary drug targets (intended
targets, measured off-target activities, and suspected off-targets based
on predictive models) to adverse effects. A comprehensive hierarchical
ontology of EFT outcomes was built and used to extract from the scientific literature ~550 molecular biomarkers (genes, mRNAs, proteins,
miRNAs) associated with Neural Tube Defects (NTD) or Skeletal Defects
(SD). Using protein interaction and canonical pathway data in MetaBase,
signaling networks were reconstructed linking targets of public and proprietary drugs and candidates which caused EFT in nonclinical studies to
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have been built, what needs to be developed to accommodate all
subdisciplines of toxicology, and ensure sustainability into the future.
The session will discuss areas of common cause with other sciences,
strategies to tap existing open data infrastructure, leverage across
knowledge domains, and identify strategies to avoid redundancy. Key
aspects also include developing authoritative reference standards (a
common lexicon) to ensure clarity and avoid ambiguity in communicating complex datasets across disciplines; common metadata and data
format standards to ensure efficient interoperability; moving beyond
chemical-specific toxicity models (e.g., Adverse Outcome Pathways) as
a strategy to protect proprietary data and still contribute to the open
data model; ensuring existing legacy data are not lost; and planning for
long range data curation. Speakers and panelists have been recruited
to represent a broad range of disciplines (policy-makers, information
scientists, journal editors, and toxicologists) and types of organizations
(government, academia, industry, and NGOs). Likewise, this session is
relevant to the full range of subdisciplines within toxicology, as represented by the Specialty Sections within SOT, which generate toxicological data (dose-response, hazard ID, mechanistic, etc.) and those which
use such data in cross-discipline analysis, regulatory decisions, or risk
assessments. Outcomes expected from the session are a set of recommendations for basic conceptual frameworks to increase open access
to toxicological data; strategies to encourage cross-discipline collaboration; approaches for linking legacy study data to computational toxicology and the Tox21 initiative; and methods to ensure longterm sustainability and access to toxicological data. Note: The views expressed
in this abstract are those of the authors and do not necessarily represent
the views or policies of the US EPA.

biomarkers of NTD or SD. Causal reasoning was applied to evaluate the
correctness of fit of each target-outcome network, based on the pharmacological effect on the target, the annotated directionality (to, from)
and effect (positive, negative) of each interaction, and the directionality of change of each biomarker in the network. Using this approach
we were able to identify 57 potential pathways of toxicity for NTD or
SD, and to rank each known or predicted pharmacological target for
a compound by the level of match to the observed outcome. Causal
networks for NTD and SD were separately assembled into 2 comprehensive pathway maps comprising multiple overlapping mechanisms
of target-mediated EFT. MAPR allows a rapid in silico investigation of
potential links between targets and adverse outcomes, differentiates
between on- and off-target causes, and provides insight into mechanisms of pharmacologically-driven adverse effects.

1367 Defining a Computational Framework for the
Assessment of Taxonomic Applicability

H. Mortensen3, M. Pittman1, C. LaLone2, and S. Edwards3. 1Oak
Ridge Associated Universities, Research Triangle Park, NC; 2US EPA,
Duluth, MN; and 3US EPA, Research Triangle Park, NC.
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The Adverse Outcome Pathway (AOP) framework describes the effects
of environmental stressors across multiple scales of biological organization and function. This includes an evaluation of the potential
for each key event to occur across a broad range of species in order
to determine the taxonomic applicability of each AOP. Computational
tools are needed to facilitate this process. We have recently developed
SeqAPASS, a tool that uses sequence homology to evaluate molecular
initiating events across species (https://seqapss.epa.gov/seqapass/). To
extend our ability to make computational predictions at higher levels of
biological organization, we have created the AOPdb. This database links
molecular targets identified to be associated with key events in the AOPWiki (https://aopwiki.org) to publically available data (e.g. gene-protein,
pathway, species orthology, ontology, chemical, disease) including
ToxCast assay information. The AOPdb combines different data types in
order to characterize the impacts of chemicals to human health and the
environment, and serves as a decision support tool for case study development in the area of taxonomic applicability. As a proof of concept,
the AOPdb allows identification of relevant molecular targets, biological pathways, and chemical, and disease associations across species
for four AOPs from the AOP-Wiki. These include: 1. Estrogen receptor
antagonism leading to reproductive dysfunction (Aop:30); 2. Aromatase
inhibition leading to reproductive dysfunction (Aop:25); 3.AHR1 activation leading to developmental abnormalities and embryolethality
(Aop:21); and 4. Acetylcholinesterase inhibition leading to acute mortality (Aop:16). Computational methods that define the “functional
neighborhood” for each AOP identify the relevant biology associated
with each AOP. With these integrated data, we outline a framework for
the computational assessment of taxonomic relevance for AOPs. The
views expressed in this poster are those of the authors and may not reflect
US EPA policy

1368 Assessing Chemical Mutagenicity Using WholeGenome Sequencing of Clonal Cells

T.
H.
Y. Chen2, and Z. Li1. 1Institute of Cancer Stem
Cell, Second Affiliated Hospital, Dalian Medical University, Dalian,
China; and 2US FDA/NCTR, Jefferson, AR.
Chen2,

Du2,

Currently, there are no methods to evaluate both mutation frequencies and types of mutations induced by a chemical in genome directly.
Whole-genome sequencing (WGS) provides the change to sequence
genome directly. Thus, it is possible to detect detailed mutation spectra
including base pair substitutions, insertions, deletions, chromosome
structural rearrangements and copy number changes of chromosomes,
along with mutation frequencies, in just one assay. Considering mutations are rare events, it is difficult to find mutations from cells with different genomes. Therefore, identical genomes from cells are necessary
for detecting the mutations de nova. Clonal cells have the same genome
and thus can be used for this method. In this study, we used the bacterium Salmonella typhimurium as a simple model to examine whether it
is possible to establish a mutation assay using WGS. Freshly growing
bacterial cells were treated with nitrofurantoin, a point mutagen, and
vehicle. The cells were plated in agar dishes after the treatment. Four
well-isolated colonies from the treatment or control bacteria were
picked and expanded in culture medium overnight. The genome DNA
was isolated and sequenced with at least 50 depths (50x the genome
size) using a NextSeq 500 sequencer. The sequencing raw data was
then analyzed using a pipeline of software programs for the mutation
detection. The results showed that the mutagen increased about 5-fold
higher mutation frequency over the control and that the major type of
mutations were G:C > A:T transitions (33%) in the control group and G:C

> T:A transversions in the treatment group. The mutation induction and
types of mutations are consistent with those reported previously. Thus,
the results confirm that the method is practical for directly detecting
genome mutations induced by mutagens. The method can be applied
to any types of cells that can be cloned to generate enough DNA for
WGS.

1369 Use of Fragment Analysis to Predict Sequencing
Success for Low-Quality RNA

L. C. Wehmas, S. D. Hester, and C. E. Wood. US EPA, Research
Triangle Park, NC.
RNA obtained from archival tissue samples can vary widely in quality,
limiting their use in genomic research. Standard methods for measuring
RNA integrity do not adequately assess aged formalin-fixed paraffin-embedded (FFPE) sample RNA suitability for RNA sequencing. Here, we
examined whether the DV100-200 metric, which quantifies the percent of
RNA fragments greater than 100-200 nucleotides, better characterizes
FFPE RNA quality for sequencing compared to RNA integrity number
(RIN). We evaluated the DV100-200 and RIN for FFPE mouse liver samples
of varying age in paraffin block (1-21 years) and length of time in formalin (0, 18 hours, and 3 months) (total n=76) which were compared
to several RNA sequencing quality indicators (read quality, mapping,
gene detection). DV analysis and RIN were calculated using an Agilent
2100 Bioanalyzer prior to sequencing on an Illumina Hi-seq 2500 instrument. RNA sequencing analysis was performed using Partek Flow (v5).
Spearman correlation analysis revealed that DV200 associated best with
most if not all RNA sequencing quality parameters compared to DV100,
DV150, and RIN across all FFPE samples analyzed. Notably, DV200 correlated far better than RIN for global gene detection (ρ= 0.82 and ρ= 0.15,
respectively). The RIN averaged 2.4 ± 0.8 across all samples, yet percent
genome coverage ranged from 0.1%-14% and genes detected ranged
from 0.3-16k. Using the current DV200>30% threshold recommended
by Illumina, would have excluded 15% of our samples with good gene
detection (~12.5k). DV100>80% performed better than DV200>30% in distinguishing 2 & 21 yr FFPE samples suitability for sequencing well but
not samples with differing time in formalin. These findings indicate that
RNA fragmentation analysis is more informative than RIN in characterizing FFPE RNA quality for sequencing but also highlight the need for
additional criteria or metrics. These results will aid in advancing the use
of archival FFPE samples for genomic analyses. This abstract does not
reflect official US EPA policy.

1370 Constructing Adverse Outcome Pathways: A

Demonstration of an Ontology-Based Semantics
Mapping Approach

R. Wang1, C. Ives2, N. Oki2, M. Nelms2, and S. Edwards2. 1US EPA,
Cincinnati, OH; and 2US EPA, Research Triangle Park, NC.
Adverse outcome pathway (AOP) provides a conceptual framework to
evaluate chemical toxicity and integrate its effects across the levels of
biological organization. As such, it is essential to develop a resource-efficient and effective approach to extend molecular initiating events
(MIEs) of chemicals to their downstream phenotypes of a greater
regulatory relevance. A number of ongoing public phenomics (high
throughput phenotyping) efforts have been generating abundant
phenotypic data annotated with ontology terms. These phenotypes
can be analyzed semantically and linked to MIEs of interest, all in the
context of a knowledge base integrated from a variety of ontologies for
various species and knowledge domains. In such analyses, two phenotypic profiles (PPs; anchored by genes or diseases) each characterized
by multiple ontology terms are compared for their semantic similarities
within a common ontology graph built across species and knowledge
domains. Taking advantage of publicly available ontologies and software tool kits, we have implemented an OS-Mapping (Ontology-based
Semantics Mapping) approach as a Java application, and constructed a
network of 19383 PPs as nodes with edges weighed by their pairwise
semantic similarity scores. Individual PPs were assembled from public
phenomics data. Out of possible 1.87×108 pairwise connections among
these nodes, about 71% of them have similarity scores between 0.2 and
the maximum possible of 1.0. This network enables a MIE of interest
to be mapped to multiple phenotypes structured ontologically. The
October, 2015 release of the ToxCast/Tox21 program contains screening
data of 375 unique target genes or proteins by 360 unique assays for
over 9000 chemicals. Over 6500 chemicals were determined to be active
on at least one target. Among the 375 targets, 207 exact matches and an
additional 202 orthologs could be mapped to the nodes in our pheno-

1371 Cyclic AMP-Responsive Element Binding Protein
(CREB-1) Is a Common Regulator of Genes
Differentially Transcribed with Aroclor 1260
Exposure

H. B. Clair, J. E. Hardesty, K. C. Falkner, T. Kalbfleisch, R. A. Prough,
and M. C. Cave. University of Louisville, Louisville, KY.
Background: Exposure to polychlorinated biphenyls (PCB) is widespread
and has been associated with the development of toxicant-associated
steatohepatitis (TASH), and conditions comprising the metabolic syndrome (cardiovascular disease, obesity, and diabetes). The mechanism
of PCB-related TASH appears to affect clinical biomarkers of liver injury
in human populations: impeding diagnosis, and therefore delaying
intervention. Assessment of steatohepatitis etiology and pathological
mechanism may be further complicated by common comorbidities such
as obesity and alcohol use, which may alter shared pathways. We used
an RNAseq with subsequent in silico pathways analysis to explore transcriptional changes in PCB-exposed primary hepatocytes and liver tissue
from PCB-exposed mice. Methods: Primary murine hepatocytes were
isolated by collagenase extraction and seeded onto collagen-coated
plates. Cells were exposed to Aroclor 1260 (Ar1260) for 6h prior to
collection and RNA extraction. Identity and fold-change (vs. DMSOtreated control) of differentially-transcribed genes (DTGs) was assessed
by RNAseq and selectively validated by qPCR. Liver tissue from mice
exposed to 20mg/kg or 200mg/kg Ar1260 (12 weeks exposure, post-gavage) was collected and RNA was isolated from fresh dissociated liver
tissue. Identity and fold-change (vs. corn oil gavaged control) of DTGs
was assessed by RNAseq and selectively validated by qPCR. Results:
For both acutely exposed primary murine hepatocyte culture and liver
tissue from chronically exposed mice, Metacore analysis identified cyclic
AMP-responsive element binding protein (CREB-1) as the primary direct
regulator of DTGs. Total differentially regulated direct transcriptional
targets of CREB-1 increased from 39 in the primary hepatocyte experiment to 42 in the 20mg/kg chronic exposure to 353 in the 200mg/kg
chronic exposure with control diet. Of these, only 4 genes were common
to all three experiments, and 21 were shared between the moderate
and high chronic exposures. Conclusions: CREB-1, a transcription factor
involved in multiple metabolic diseases, is a direct effector of many of
the hepatic genes differentially transcribed after acute or chronic exposure to PCBs.

1372 Gene Expression and Network Analysis of PTCH1
and Mesenchymal Stem Cell Markers in Cancer
and Mesenchymal Stem Cells

S. Tanabe3, K. Aoyagi2, T. Kawabata4, T. Yamaguchi5, H. Yokozaki1,
and H. Sasaki2. 1Kobe University of Graduate School of Medicine,
Kobe, Japan; 2National Cancer Center Research Institute, Tokyo,
Japan; 3National Institute of Health Sciences, Tokyo, Japan; 4Osaka
University, Osaka, Japan; and 5Tokushima University Graduate
School, Tokushima, Japan. Sponsor: H. Kojima.
In cancer cells, patched 1 (PTCH1) is known to play an important role
within Hedgehog signaling pathway. We have previously shown that
beta-catenin (CTNNB1) associated to epithelial-mesenchymal transition
plays important roles in the regulation of stem cell pluripotency and
cancer signaling. We focused on PTCH1, which was mutated along with
CTNNB1 alteration in gastric cancer (GC). Gene expression of the PTCH1
was up-regulated in GC cells compared to mesenchymal stem cells
(MSCs). The expression of MSC markers were also examined, revealing
that gene expression of integrin subunit beta1 (ITGB1, CD29), 5’-nucleotidase ecto (NT5E, CD73), Thy-1 cell surface antigen (THY1, CD90),
endoglin (ENG, CD105) and activated leukocyte cell adhesion molecule
(ALCAM, CD166), which are positive markers for MSCs were down-regulated in GC cells compared to MSCs. On the other hand, gene expression
of CD34 molecule (CD34) and protein tyrosine phosphatase, receptor
type, C (PTPRC, CD45) which are negative markers for MSCs were up-regulated in GC cells compared to MSCs. The network analysis of PTCH1 has
revealed the model molecular network in cancer and stem cells.

1373 Assessing Cross-Species Conservation of ToxCast

Assay Targets Using Sequence Alignment to
Predict Across-Species Susceptibility (SeqAPASS)

C. LaLone1, G. Ankley1, T. Tal2, and V. Daniel1. 1US EPA, Duluth, MN;
and 2US EPA, Research Triangle Park, NC.
US EPA’s ToxCast program has screened thousands of chemicals in hundreds of mammalian-based HTS assays for biological activity suggestive
of potential toxic effects. These data are being used to prioritize toxicity
testing to focus on chemicals likely to lead to adverse health effects. The
ToxCast assays are primarily mammlian-based, making cross-species
extrapolation necessary for utilization of the ToxCast data for predicting
adverse effects beyond humans to wildlife. To aid characterization of the
taxa for which a given ToxCast assay may have mechanistic relevance,
EPA’s Sequence Alignment to Predict Across Species Susceptibility
(SeqAPASS) tool was applied to evaluate the protein sequence/structural conservation of the 460 protein targets represented in the ToxCast
assay suite. The query species/sequence used for SeqAPASS analysis
was selected based on the model organism used in the ToxCast assay
(e.g., human, cattle, chimpanzee, guinea pig, rabbit, rat, mouse, pig, or
sheep). Similarity of primary amino acid sequences and sequences from
specific functional domains were compared across species to understand conservation of each assay target across taxa and to probe the
question of how broadly the ToxCast data may be extrapolated to other
organisms. To demonstrate the utility of SeqAPASS for informing the
extrapolation of ToxCast data across species, a case study involving 30
ToxCast assay targets representative of molecular initiating events in
adverse outcome pathways leading to abnormal vascular development
was developed. This case study identified suitable model organisms for
follow-up or complementary in vivo toxicity tests. SeqAPASS results for
all 460 protein targets will be made available through the iCSS dashboard,
to help aid and inform appropriate extrapolation of the ToxCast data. The
views expressed in this poster are those of the authors and may not reflect
US EPA policy.

1374 Customizing the Connectivity Map Approach
for Functional Evaluation in Toxicogenomics
Studies

A. Karmaus1, P. Kothiya2, S. Watford2, R. S. Thomas2, and M. T.
Martin2. 1ILS, Research Triangle Park, NC; and 2US EPA, Research
Triangle Park, NC.
Evaluating effects on the transcriptome can provide insight on putative
chemical-specific mechanisms of action (MOAs). With whole genome
transcriptomics technologies becoming more amenable to highthroughput screening, libraries of chemicals can be evaluated in vitro
to produce large toxicogenomics datasets. However, developing a systematic approach for linking transcriptional changes to MOA has been
challenging. This study presents a connectivity map (CMAP) inspired
methodology to conduct gene set enrichment analysis using toxicogenomics datasets to identify putative MOAs for chemical-mediated
effects. Our CMAP approach utilizes a reference database of differential expression profiles and a rank-based permutation test for identifying enriched molecular targets. This approach requires that profiles
in the reference database represent a diversity of perturbations that
are mapped or annotated to molecular targets. To satisfy these requirements, we established a reference database of ~900 whole-genome
expression profiles from the original CMAP effort (Lamb et al., 2006) and
annotated the chemical perturbagens to 86 unique targets. To evaluate the new custom CMAP approach, 34 chemicals were selected that
encompass multiple MOAs including nuclear receptor agonists/antagonists, enzyme inhibitors, and chemicals interfering with cell integrity
(tubulin disruption). MCF7 and HepaRG cells were treated with three
concentrations of each chemical for six hours, and changes in whole
genome expression were quantified using Affymetrix microarrays (De
Abrew et al., 2016). Z-score distributions were used to identify differential gene expression (using a cutoff of z-score > 2) and profiles were
matched using JG scoring (Jiang and Gentleman, 2007). Finally, a rank
based permutation was applied to identify targets enriched among the
significantly associated reference profiles. Of the 34 chemicals evaluated, 17 had MOAs that were not sufficiently represented in the reference database, 11 were correctly and significantly matched to their
putative target, and six targets/mechanisms of action were not correctly
identified. By integrating molecular target annotation and rank-based
permutations for targets, this adapted CMAP approach can help identify putative MOAs for chemical-mediated effects using toxicogenomic
data. This abstract does not reflect US EPA policy.
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typic network, thus connecting numerous screened chemicals to their
phenotypes. Examinations of selected MIEs and their linked phenotypes
found strong evidence in literature supporting their associations, suggesting that OS-Mapping is a sound approach for developing putative
AOPs for further evaluations.

1375 Training Logistic Models and Neural Networks

on High-Content Imaging Data from Mechanistic
BAC-GFP HepG2 Toxicity Pathway Reporter Cells
to Predict DILI Liability

W. den Hollander, S. Hiemstra, S. Wink, A. Klip, S. Huppelschoten,
M. Niemeijer, and B. van de Water. Leiden University, Leiden,
Netherlands.

90

Drug-induced liver injury (DILI) poses a substantial challenge, both in
the clinic as well as during drug development due to its general idiosyncratic nature. While elaborate in vitro and in vivo experiments aimed
to identify potential hazardous properties of novel drugs are common
practice, DILI remains a major driver of both pre- and post-marketing
drug withdrawal. In the current work, we utilize a set of established
BAC-GFP reporter HepG2 lines (SRXN1, BIP, CHOP, HSPA1B and P21)
that reflect distinct cellular stress pathways (oxidative stress, unfolded
protein response and the DNA damage response), with the aim to build
an in silico classifier that allows for prediction of DILI. Thereto, we generated high-content confocal imaging data after treating reporters with
a range of concentrations of known DILI (N=119) and non-DILI (N=61)
compounds in triplicate. Single cell features (cytoplasm and/or nucleus
area, GFP intensity, Annexin V staining and PI staining measured at 24,
48 and 72 hours post treatment) were extracted (CellProfiler 2.2.0) and
summarized to generate compound specific risk profiles that reflect
their respective cellular stress inducing properties. Predictive logistic
modelling (1000 cross-validations, training:test = 70:30) revealed that
at 24 hours post treatment GFP-tagged expression of BIP was able to
predict DILI in the compound test-sets (median ROC AUC: 0.55), SRXN1
and CHOP after 48 hours (median ROC AUCs: 0.65, 0.57) and BIP and
HSPA1B after 72 hours (median ROC AUCs: 0.58, 0.60). Training neural
networks (1000 cross-validations, 3-10 layers, 1-3 neurons per layer) to
predict DILI classification increased the accuracy notably, with median
AUCs ranging between 0.57 and 0.73. As such, we observed BIP (AUCs:
0.58, 0.61, 0.61), CHOP (AUCs: 0.57, 0.57, 0.59) and HSPA1B (AUCs: 0.60,
0.66, 0.73) to contribute to DILI prediction at all time points, while SRXN1
and P21 additionally did so at 48 (AUC: 0.62) and 72 (AUC: 0.58) hours
post treatment, respectively. Together, in light of the present results,
the continuous expansion of our HepG2 BAC-GFP reporter panel and
prospective combined integrative classification approaches, we have
developed a dynamic, high-throughput and high-content screening
platform that allows for chemical safety assessment during early stages
of drug discovery.
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1378 eTOXsys, an Integrated Platform to Profile

and Data Mine across Multiple Databases and
Prediction Models

C. H. Schwab4, T. Kleinöder4, A. Tarkhov4, Jör. Marusczyk4, S.
Escher2, K. Briggs3, W. Drewe3, V. Gombar1, J. Rathman1, and C.
Yang4. 1Altamira LLC, Columbus, OH; 2Fraunhofer ITEM, Hanover,
Germany; 3Lhasa Limited, Leeds, United Kingdom; and 4Molecular
Networks GmbH, Erlangen, Germany.
eTOX is a European project funded by the Innovative Medicines Initiative
(IMI) and the European Union. The consortium consists of thirteen pharmaceutical companies, eleven academic groups and six small scientific
businesses. An integrated data mining platform, eTOXsys, has been
developed by Molecular Networks GmbH, to provide end users access
to both the eTOX database of preclinical toxicity data contributed by the
pharmaceutical companies and a series of distributed in silico prediction
models created by the consortium partners. The eTOX database offers
over 7200 pre-clinical repeated-dose toxicity studies for more than 1800
active pharmaceutical ingredients (API). The database is available to
end users either from their internal version or via a secured connection
at Lhasa Limited, the data Honest Broker. Also included in eTOXsys is
the RepDose database from Fraunhofer ITEM, containing 1822 toxicity
studies for 646 diverse industrial organic chemicals. In order to harmonize the toxicity data from a variety of companies across different industries, an ontology has been developed by pathologists and toxicologists. eTOXsys provides powerful data mining capabilities based on the
eTOX ontology to interrogate the two databases for target organ sites
and detailed effects, enabling hypothesis formulations and validations.
An in-depth analysis has been performed for target organs, effects and
potency for APIs across different pharmacological actions. The top target
organs in the eTOX database are liver, kidney, lung, thymus, spleen,
heart, and stomach. The observed effects of chemicals on these target
organs are further profiled based on pharmacological actions, ToxPrints
chemotypes, and compound properties to characterize the API chemical
space defined by the eTOX and RepDose databases. The same chemical
space was also profiled by eTOXsys QSAR prediction models for various
toxicity endpoints to locate regions of potential repeated-dose toxicity.

1379 ScrubChem: Cleaning of PubChem Bioassay

Data to Create Diverse and Massive Bioactivity
Datasets for Use in Modeling Applications

J. B. Harris3, J. C. Harris1, O. Isayev2, A. Tropsha2, and R. Judson3.

1Independent Scholar, Oak Ridge, TN; 2University of North Carolina

at Chapel Hill, Chapel Hill, NC; and 3US EPA, Research Triangle
Park, NC.

1377 Utility of GastroPlus for Prioritizing DiscoveryPhase Crop Protection Analogs

F. Fagen2, J. L. LaRocca1, M. Hastings1, R. J. Rasoulpour2, S. S.
Marty2, M. J. Bartels2, and S. C. Gehen1. 1Dow AgroSciences,
Indianapolis, IN; and 2The Dow Chemical Company, Midland, MI.
GastroPlus is a physiologically based pharmacokinetic (PBPK) software
package that simulates absorption, pharmacokinetics and pharmacodynamics in human and animals. In the development of crop protection active ingredients, optimization of ADME properties is an important
strategy to improve safety and reduce pipeline attrition. This effort was
undertaken to assess utility of GastroPlus for predicting ADME properties for crop protection active ingredient analogs. First, a training set
of 18 active ingredients with known in vivo ADME data was applied
to GastroPlus via the PBPK and ADMET predictor modules. The simulation results were then compared to existing in vivo data. Predicted
oral fraction absorption (Fa%) was within 1 to 5 fold of experimental
values, although Fa% was overpredicted for some structures, particularly esters. For three non-ester fungicides (myclobutanil, ketoconazole,
and epoxyconazole), simulated Fa% was predicted to be 68%, 100% and
54% (100 mg/kg/day dose) respectively while empirically-derived values
were 95%, 80%, and 50%, respectively. A test series of 3 novel fungicides was then applied to the model and simulated Fa% was 45%, 44%
and 3% respectively. The analog with the lowest predicted absorption
was selected for an in vivo ADME study and the resulting in vivo Fa%
was shown to be low (~6% in rats and ~2-4% in mice, based on urine
elimination). Next, in vitro microsomal clearance rates were obtained for
16 diverse molecules and applied as inputs into GastroPlus to compare
versus QSAR-derived predictions of elimination. For 7 of 16 molecules,
the predicted t1/2 was within a factor of 2 for both approaches. For 2
the inclusion of microsomal metabolism decreased predicted t1/2 by
9 and 27-fold while for 5 poorly metabolized molecules, t1/2 increased
by >10-fold with use of empirical clearance inputs. This study provides a
demonstration of the utility of GastroPlus for prioritization of crop protection analogs based on simulated PK properties.

The PubChem Bioassay database is a non-curated public repository
with bioactivity data from 64 sources, including: ChEMBL, BindingDb,
DrugBank, Tox21, NIH Molecular Libraries Screening Program, and
various academic, government, and industrial contributors. However,
this data is difficult to use in data-driven research, mainly due to lack of
interoperability and standardization among its 1.2 million assay records.
Methods for extracting this public data into high-quality, computable
datasets, useable for predictive and analytical research, presents several
big-data challenges for which ScrubChem is being developed as a manageable solution. Our approach was to use logic-based text and language processing rules in order to digitally curate and correct the many
issues related to the flexible deposition structure of PubChem (e.g., variable placement of biological target information, variable endpoint terminologies, result readouts not distinguished from non-result readouts,
improper use of the null vs zero concept, incorrect spellings). Currently,
ScrubChem contains approximately 680 million bioactivity values and
related meta-data within PubChem and maps this data to over 10,000
biological targets and 2.1 million chemical structures. This work presents
case issues identified and resolved through ScrubChem and provides
an example dataset for the human androgen receptor with over 85,000
reference bioactivities to further illustrate the results of the cleaning
process. This work does not necessarily reflect US EPA or University of North
Carolina policy. (ORCID: 0000-0002-7371-0463)

1380 PyChemSim–Learning Chemical Similarity
T. Luechtefeld. Johns Hopkins School of Public Health, Baltimore,
MD.
Chemical Similarity is undergoing a renaissance in application due to
recent legislation. Similarity methods measure the probability of two
chemicals sharing biological or physical properties. We derive and
evaluate a method for training chemical similarity machine learning
models. Large amounts of chemical health data are available due to the

1381 Chemical Effects in Biological Systems (CEBS)
Database: Treatment-Related Findings

C.
A. Rashid1, A. Paleja1, I. Lea1, and J. M. Fostel2. 1ASRC
Federal Vistronix, Durham, NC; and 2NIEHS/NIH, Research Triangle
Park, NC. Sponsor: E. Mutlu.
Martini1,

The National Toxicology Program (NTP) performs comprehensive testing
on test articles including toxicology/carcinogenicity assessments,
immunology and reproductive assays, high throughput screening
assays, and genetic toxicology testing. Over the past ten years NTP data
for over 11,000 test articles have been deposited into the Chemical
Effects in Biological Systems database (CEBS: http://cebs.niehs.nih.gov).
Previously, NTP conclusions and calculated statistical summary data for
a selected test article could only be reviewed in individual study views
by study type making it difficult to review data across study types for a
CAS number. The new NTP Treatment-Related Findings guided search
tool integrates NTP data in CEBS allowing users to retrieve and compare
NTP summaries and conclusions across one or more study types. Users
can input a single CAS number or list of CAS numbers to view a single
data table containing user specified endpoints such as NTP levels of
evidence of carcinogenicity activity and summaries such as statistically
significant neoplastic and non-neoplastic lesion incidence calculated
from NTP data. Statistically significant lesion incidence can be filtered by
lesion type, organ site, and animal strain. Presented in this way users can
review all selected conclusions and summaries for a given chemical and
compare multiple chemicals across rows. Supporting data is made available by selecting an expanded view to display treatment related group
summaries for lesion incidence. Genetic toxicology data are accessible
using the same search criteria with NTP conclusions at the study and
trial level available for all NTP assay types. Published NTP technical
reports are linked for each chemical so the full NTP presentation of
results is quickly accessible for further evaluation. All data returned by
the Treatment-Related Findings guided search can be downloaded in
Excel worksheets. The Treatment-Related Findings guided search tool
can be accessed at: http://tools.niehs.nih.gov/cebs3/ncsw/.

1382 xMWAS: An R Package for Integrative ‘Omics

are implemented. For multivariate techniques, Partial Least Squares
(PLS) and sparse Partial Least Squares (sPLS) regression methods are
used for estimating the association/correlation matrix. In stage two, relevance networks representing the bipartite graphs are generated. For
more than two datasets, the pairwise graphs (G1 <-> G2 and G1 <->G3)
are merged using one of the datasets as reference. In stage three, the
highly connected subgraphs (HCS) algorithm is used to find subgraphs
or biclusters of correlated nodes (e.g. genes, metabolites, proteins). The
output includes network and subnetworks graphics and a text file with
pairwise association matrix. The software is available as an R package
that provides a user-friendly interface for performing integrative analysis of two or more omics datasets. Application to liver mitochondrial
Cd toxicity studies in mice (10 mg Cd/kg body weight, 6h) showed that
the beta-oxidation pathway and branched chain amino acid pathways
were central hubs in the toxicological mechanism. We also illustrate
the utility of the software for systems toxicology using redox proteome,
metabolome, and transcriptome (RMT) datasets from mice and cells
exposed to environmental metals cadmium (3.3 mg Cd/L in drinking
water for 16 weeks) and manganese (0, 10, 100 μM Mn for 6 h), respectively. See accompanying 3 other studies submitted and presented by
Y Go, J Fernandes, and DP Jones for the detailed experimental information. In principle, this could be developed as an online tool for research
on environmental chemical effects on redox signaling and toxicological
mechanisms.

1383 What Can (or Should) Toxcast Tell Us about
Aromatase, ERβ and Breast Cancer?

J. Ackerman, V. De La Rosa, R. Grashow, and R. Rudel. Silent
Spring Institute, Newton, MA.
While ERα agonism is a well-established mechanism of chemical carcinogenesis in the breast, other hormonal mechanisms of toxicity have
been less studied in relation to mammary carcinogens. Possible mechanisms mediating effects on ERα include changes to aromatase activity
and interactions with ERβ. To explore effects of mammary toxicants on
these pathways, we investigated ToxCast/Tox21 results for 5 groups
of chemicals: genotoxic mammary carcinogens (MCs), nongenotoxic
MCs, genotoxic and nongenotoxic putative non-carcinogens (NCs),
and mammary gland developmental disruptors. ToxCast/Tox21 contain
2 assays designed to measure aromatase inhibition, and none that
measure aromatase activation or induction. Surprisingly, all 3 groups of
mammary toxicants had higher proportions of aromatase inhibitors than
the ToxCast average in an MCF-7 aromatase inhibition assay, a finding
not supported by a cell free aromatase inhibition assay. Another assay,
intended to measure steroidogenesis more broadly, provides information about aromatase activation and inhibition by measuring increases
and decreases in estradiol and estrone, among other hormones, in
steroidogenically competent adrenocortical cells. Exposure to 9 MCs
increased estrogen levels in this assay, suggesting that some mammary
active chemicals increase estrogen production; only 2 MCs had the
opposite effect. However, only limited conclusions can be drawn from
the results of this assay in ToxCast, as concentration-response data were
only gathered for chemicals that induced changes in ≥ 4 hormones at
a high dose; other chemicals were designated “inactive.” In light of the
antiproliferative effects of ERβ agonists in human ERα+ breast cancers,
we investigated ERα and ERβ activities of MCs and NCs, expecting estrogenic MCs to be weaker agonists of ERβ than of ERα. However, ERβ and
ERα dimerization results were similar within each of our 5 chemical
groups: of the 8 MCs active in any dimerization assay, 6 were active in
tests of ERα-ERα, ERα-ERβ and ERβ-ERβ dimerization, and 1 nongenotoxic MC and 2 genotoxic MCs were active in at least 1 ERβ-ERβ endpoint
but not in ERα-ERα. Chemicals identified in other assays as estrogenic
either were inactive or active only at high concentrations in dimerizations assay, reflecting low assay sensitivity. Expansion beyond assays
used in pharmaceutical development, or modification of such assays,
could make chemical screening programs more relevant to the etiology
of diseases such as breast cancer.

Analysis

K. Uppal, Y.-M. Go, and D. P. Jones. Emory University, Atlanta, GA.
Integrative omics is a central component of most systems biology
studies. Computational methods are required for extracting meaningful
relationships across different omics layers. Various tools have been
developed to facilitate integration of paired heterogenous omics data;
however most existing methods allow integration of only two omics
data and do not incorporate additional steps of identifying and visualizing subgraphs or clusters of correlated entities. Here we present
xMWAS, an R package for integration, visualization, and clustering of
-omics data from two or more technologies. In stage one, xMWAS uses
univariate and multivariate approaches for generating the pairwise
association matrix network, Aij. For univariate methods, Pearson correlation, Spearman correlation and Graphical Gaussian Models (GGM)

1384 Utilizing Toxcast Data to Predict Chemical-

Induced Vitellogenin Induction in Male Fish

D. A. Dreier, N. D. Denslow, and C. J. Martyniuk. University of
Florida, Gainesville, FL.
Vitellogenin induction in male fish has long been used as a biomarker
for estrogenic chemicals. In the Endocrine Disruptor Screening Program
(EDSP), this unique response has been used to identify estrogenic chemicals with the Fish Short-Term Reproduction Assay (FSTRA). In recent
years, high-throughput screening (HTS) has also provided valuable information for endocrine responses. In ToxCast, there are several assays for
estrogen receptor (ER) activity, and there is also an integrated AUC (area
under the curve) model to identify estrogenic chemicals. As ER agonism
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European legislation REACH. REACH data enables similarity comparison
across United Nations Global Harmonized System hazards (UN GHS). We
use this test set to generate observations comparing new and traditional
similarity methods. Learned similarity provides an improvement over
traditional methods. This method enables realization of a more mathematically and chemically robust similarity metric. The learned metric is
an asymmetric metric, a probability measure and a weighted measure.
Learned similarity is an asymmetric metric. Asymmetric metrics allow for
the realization that if chemical A is predictive of chemical B the reverse
may not be true. For instance, asymmetry can be important when comparing small chemicals to large chemicals. Learned similarity is a strong
probability measure. Learned similarity algorithms build models to
predict conditional probability. The resulting models give the probability of a label for one chemical given the label for another. Traditional
approaches such as Tanimoto index are not good probability measures.
We show this difference using proper scoring rules (Brier Score). Learned
similarity is a weighted measure. It allows capture of specific relationships between chemicals. Similarity metrics use binary vectors called
chemical fingerprints. Traditional approaches give the same weight
to all values in a chemical fingerprint. Learned similarity can realize
complex non-linear relationships between substructures in a chemical
fingerprint. For example, we might consider the shared presence of a
halogen to matter more than a similar number of carbons. Learned similarity can realize this consideration. All code is available on PyChemSim.
PyChemSim is an open-source computational toxicology package. Our
contribution allows other researchers to use and improve upon these
techniques. All datasets are available on Datapub.io to enable easy
sharing and use of data in R, python, and java.

is a molecular initiating event in several adverse outcome pathways
(AOPs), it is important to determine whether these in vitro assays are
suitable surrogates for in vivo testing. Thus, the primary objective was
to validate the use of ToxCast data to predict vitellogenin induction in
male fish. A comprehensive review was performed for the FSTRA, where
LOEC values for male vitellogenin induction were extracted from 50
publications for 10 known estrogen receptor agonists. Accordingly, data
for five ToxCast ER agonist assays and the ER AUC model were extracted
from the ToxCast database. It was determined that the AC50 values for
the majority of ToxCast assays did not follow a normal distribution, thus
a Spearman Rank correlation test was performed to compare ToxCast
data to LOEC values for vitellogenin induction. In this comparison, the
TOX21_ERa_BLA_Agonist_ratio assay showed the strongest correlation (ρ = 0.76, p = 0.0087, n = 10), while the ACEA_T47D_80hr_Positive
assay had the weakest correlation (ρ = 0.59, p = 0.067, n = 10). When the
integrated ER AUC model was compared to vitellogenin LOECs using
the Spearman Rank test, there was stronger correlation (ρ = - 0.77, p =
0.0069, n = 10) than any of the individual assays. However, both data
sets were normally distributed in this comparison, and a Pearson product-moment test indicates these data are highly correlated (r = -0.91, p
= 0.00031, n = 10). These results indicate that in vitro assays can be used
to identify estrogenic chemicals and predict thresholds of toxicological concern for vitellogenin induction in male fish. Furthermore, integrated assay models, as leveraged here, increase the quantitative capability of these assays to predict physiological changes. Such models are
important in order to move towards quantitative AOPs, and this study
suggests that HTS data can be used for this development.

ToxCast, Tox21). Since the initial release in 2009, ToxRefDB has continued to address many challenges with capturing heterogeneous data
from diverse sets of in vivo studies with a defined database structure
and a controlled vocabulary. Current efforts aim to not only capture
basic study design and treatment-related effect information, but to also
capture detailed endpoint testing status information. These improvements will help to more accurately identify and track assumptions about
endpoints that were tested with no effect reported. Specifically, default
testing statuses were established by matching study types and endpoints to existing guidelines to generate guideline profiles aiding in the
systematic evaluation of guideline adherence. Guideline profiling will
also help generate improved modeling sets for predictive toxicology
with a clearer delineation between negative and not tested. Currently,
treatment group-level quantitative response results (i.e. incidence
levels or mean +/- standard deviation) have been entered for over 2,400
chronic, sub-chronic, and multi-generation reproductive studies. The
quantitative results account for nearly 60% of all reported treatment
group-level effects. The low quantitative results coverage is largely
due to lack of reporting. Testing status information combined with
the newly captured quantitative results enables dose-response modeling including endpoint-level benchmark dose modeling. These major
improvements within ToxRefDB further increase its utility as a primary
resource and tool for retrospective analyses of animal testing as well as
predictive and computational toxicology modeling. This abstract does
not necessarily reflect US EPA policy.

1387 The US EPA Comptox Chemistry Dashboard: A
1385 Development of a Context-Rich Database of
ToxCast Assay Annotations

S.
K. Houck2, and C. Grulke2. 1ORAU, Oak Ridge, TN; and 2US
EPA, Research Triangle Park, NC.
Flood1,
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Major concerns exist for the large number of environmental chemicals which lack toxicity data. The tens of thousands of commercial
substances in need of screening for potential human health effects
would cost millions of dollars and several decades to test in traditional
animal-based guideline studies, and these concerns have led many
researchers to increasingly rely on alternative screening methods.
Novel high-throughput testing (HTT) methods have been developed
to evaluate the hazard potential of diverse chemical libraries and are
helpful in prioritizing the compounds of greatest concern for adverse
effects. As part of a larger multiagency project to identify substances
for prioritized testing, the US EPA National Center for Computational
Toxicology (NCCT) ToxCast program has, to date, screened >3800
unique compounds for biological activity in some or all of over 800
assays. These efforts are designed to inform decision-makers at multiple
levels of the bioactivity and/or toxicity of chemicals, but there remains
a need to establish confidence in the applicability of these novel technologies to regulatory agencies. Here we describe the current status on
the development of a context-focused database of descriptive ToxCast
assay annotations designed to implement OECD Guidance Document
No. 211 recommendations for describing novel in vitro test methods
to diverse audiences. These annotations are designed to offer a clear
and comprehensive depiction of all aspects of the assays - from the
development of novel methods, to the relevancy of the technology
for examination of the chemical-target interactions, through the interpretation of the >1600 different analytical endpoints. Alterations and
additions to the OECD Guidance were necessary to a limited extent to
accommodate existing infrastructure supporting the ToxCast program.
Integrating detailed textual information with structured ontology-based
annotations into a publically available in vitro database will facilitate
the evaluation of these assays for regulatory applications. Our current
work will provide critical feedback useful in future improvements to the
OECD reporting template. This work is concurrent with efforts to deposit
ToxCast data into publicly accessible PubChem repositories and will
help fulfill NCCT’s commitment to increasing transparency and public
accessibility to information produced by HTT studies conducted under
the ToxCast program. This abstract does not reflect US EPA policy.

1386 Update to ToxRefDB: Improvements in

Capturing Qualitative and Quantitative Data
from In Vivo Toxicity Studies

S. Watford2, A. Adrian2, J. Wignall1, J. Brown2, and M. Martin2. 1ICF,
Fairfax, VA; and 2US EPA, Research Triangle Park, NC.
The Toxicity Reference Database (ToxRefDB) is a publicly accessible
resource that contains 40+ years of in vivo dose-response toxicological
studies. ToxRefDB provides curated in vivo toxicity data for systematic
evaluation of a continuously expanding catalog of chemicals, and complements current efforts in high-throughput screening programs (e.g.

Web-Based Data Integration Hub for Toxicology
Data

A. J. Williams2, C. Grulke2, K. Mansouri1, J. Smith2, J. Fitzpatrick1,
G. Patlewicz2, I. Shah2, A. Richard2, and J. Edwards2. 1Oak Ridge
Institute for Science and Education (ORISE),, Oak Ridge, TN; and
2US EPA, Research Triangle Park,, NC.
The US Environmental Protection Agency (EPA) Computational
Toxicology Program integrates advances in biology, chemistry, and
computer science to help prioritize chemicals for further research based
on potential human health risks. This work involves computational
and data driven approaches that integrate chemistry, exposure and
biological data. As an outcome of these efforts the National Center for
Computational Toxicology (NCCT) has measured, assembled and delivered an enormous quantity and diversity of data for the environmental
sciences including high-throughput in vitro screening data, in vivo and
functional use data, exposure models and chemical databases with associated properties. A series of software applications and databases have
been produced over the past decade to deliver these data but recent
developments have focused on the development of a new software
architecture that assembles the resources into a single platform. A new
web application, the CompTox Chemistry Dashboard provides access to
data associated with ~720,000 chemical substances. These data include
experimental and predicted physicochemical property data, bioassay
screening data associated with the ToxCast program, product and functional use information and a myriad of related data of value to environmental scientists. The dashboard provides chemical-based searching
based on chemical names, synonyms and CAS Registry Numbers.
Flexible search capabilities allow for chemical identification based
on non-targeted analysis studies using mass spectrometry. Chemical
identification using both mass and formula-based searching utilizes
rank-ordering of results via functional use statistics, thereby providing
a solution to help prioritize chemicals for further review when detected
in environmental media. This presentation will provide an overview of
the CompTox Dashboard, its capabilities for delivering data to the environmental toxicology community and how the architecture provides a
foundation for the development of additional applications to support
chemical risk assessment. This abstract does not reflect US EPA policy.

1388 Assist–A Platform for Supporting Regulatory

Assessment of Chemicals’ Toxicity toward Filling
REACH Information Gaps

A. Abdelaziz, T. Exner, and B. Hardy. Douglas Connect GmbH, Basel,
Switzerland. Sponsor: R. Beger.
The REACH regulations introduced in the European Union call for a
phased registration of all compounds used on the European market
and filling information gaps related to such chemicals. As the deadline
for the registration of the last tonnage band (1-100 tonnes) on 31 May
2018 approaches, more REACH consultants are facing challenges to
cope with the increasing work demands and associated administrative
processes for handling multiple clients. The low data availability of low
production volume chemicals, together with the difficulty of assessing
weight-of-evidence for the gathered knowledge, adds to the difficulty

1389 CoMPARA: Collaborative Modeling Project for
Androgen Receptor Activity

K. Mansouri2, N. Kleinstreuer1, E. Watt2, J. Harris2, and R. Judson2.
1NIEHS, Research Triangle Park, NC; and 2US EPA, Research Triangle
Park, NC.
In order to protect human health from chemicals that can mimic natural
hormones, the US Congress mandated the US EPA to screen chemicals
for their potential to be endocrine disruptors through the Endocrine
Disruptor Screening Program (EDSP). However, the number of chemicals to which humans are exposed is too large (tens of thousands) to be
accommodated by the EDSP Tier 1 battery, so combinations of in vitro
high-throughput screening (HTS) assays and computational models
are being developed to help prioritize chemicals for more detailed
testing. Previously, CERAPP (Collaborative Estrogen Receptor Activity
Prediction Project) demonstrated the effectiveness of combining many
QSAR models trained on HTS data to prioritize a large chemical list for
estrogen receptor activity. The limitations of single models were overcome by combining all models built by the consortium into consensus
predictions. CoMPARA is a larger scale collaboration between 35 international groups, following the steps of CERAPP to model androgen
receptor activity using a common training set of 1746 compounds provided by US EPA. Eleven HTS ToxCast/Tox21 in vitro assays were integrated into a computational network model to detect true AR activity.
Bootstrap uncertainty quantification was used to remove potential false
positives/negatives. Reference chemicals (158) from the literature were
used to validate the model, which showed 95.2% and 97.5% balanced
accuracies for AR agonists and antagonists respectively. A library of ~80k
bioactivities, representing ~11k chemicals curated from PubChem literature data using ScrubChem tools was integrated with CoMPARA’s
consensus predictions that combined several structure-based and QSAR
modeling approaches. The results of this project will be used to prioritize a large set of more than 50k chemicals for further testing over the
next phases of ToxCast/Tox21, among other projects. This work does not
reflect the official policy of any federal agency.

ment that the proposition is true and there are no arguments against it”,
“plausible” as meaning “the weight of evidence supports the proposition”, “equivocal” as meaning “there is an equal weight of evidence for
and against a proposition”, and “open” as meaning “there is no evidence
in support of or against a proposition”. Among toxicological endpoints,
some of PFASs showed “probable” prediction for nephrotoxicity (TFE)
and “plausible” prediction for carcinogenicity (8:2 FTI, TFE), mutagenicity
(8:2 FTI, TFE), chromosomal damage (8:2 FTI, 8:2 FTMAC), hepatotoxicity
(PFOPA, PFHxPA, TFE), eye irritation (POSF, 8:2 FTMAC), respiratory irritation (POSF), skin irritation (POSF, 8:2 FTI), skin sensitization (8:2 FTMAC),
and mitochondrial dysfunction (TFE). Some PFAS also showed “open” or
“equivocal” prediction for certain endpoints (carcinogenicity, nephrotoxicity, HERG channel inhibition, photo allergy and bradycardia). This
study was funded by the Scientific and Technological Research Council of
Turkey (TUBITAK Project No: 214S517).

1391 QSAR Analysis of Chemical Neurotoxins Using
Human Neuronal Stem Cell Microelectrode
Array Measurements (MEA) and Tox21 HighThroughput Data

J. M. Gearhart2, Y. Chushak2, S. Hinckley1, A. G. Bang1, D. K. Ott3,
and H. A. Pangburn3. 1Sanford-Burnham Prsby, La Jolla, CA; 2The
Henry M. Jackson Foundation For Military Medicine, WrightPatterson AFB, OH; and 3USAFSAM, Wright-Patterson AFB, OH.
Quantitative structure-activity relationships (QSAR) are analytically
powerful methods for estimating physicochemical and biological properties of a chemical from its molecular structure. The QSAR Toolbox is
a software application developed by the Organization for Economic
Co-operation and Development to analyze toxicity data for assessment
of chemical hazards. We used the QSAR Toolbox and data from Tox21
high-throughput mode (HTS) assays to develop methods for assessment of chemical neurotoxicity. Neurotoxicity was defined as an adverse
effect on the functioning of the nervous system. There are many mechanisms of neurotoxicity initiated by the interaction of chemicals with different neurological targets. The Tox21 HTS assays targeted 342 different
proteins. Using the Gene Ontology database we identified 139 proteins
having neurological functions. We hypothesized that if a chemical interacts with target proteins, that chemical has the potential to cause a neurotoxic effect. In total there are 264 assays that targeted neurological
proteins in the Tox21 database. Data from these assays were imported
into the QSAR Toolbox and used to predict mechanisms of action for
neurotoxins identified by multi-well microelectrode arrays (MEAs). We
used Axion’s 48-well Maestro MEA platform to assess the neurotoxicity
of different classes of compounds affecting the networks of human
iDopa dopaminergic neurons. Measurement of neurological activity of
test compounds was performed 5 days later. We analyzed the correlation of changes in electrophysiological behavior of neuronal networks
with the potential mechanism of action predicted by the QSAR Toolbox.
Our results demonstrate the feasibility of screening compounds for
neurotoxicity iDopa cells in multi-well MEAs as well as predicting the
potential mechanism of action using Tox21 screening assay data. This
combined in vitro/in silico approach allows us to connect a molecular
initiating event with cellular effects of chemical neurotoxins. Future
work will incorporate physiologically based pharmacokinetic modeling
dosimetry calculations to derive human based safe exposure limits for
chemicals with known mechanisms of action.

1390 In Silico Toxicological Profiling of Perfluorinated
and Polyfluorinated Substances

E. Emerce. Gazi University, Faculty of Pharmacy, Department of
Toxicology, Ankara, Turkey. Sponsor: E. Kadioglu.
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are synthetic
chemicals used in many different fields in the industry and they have
bioaccumulation and biomagnification characteristics. With the determination of PFASs in biological samples in general population and the
ecosystem, in addition to workers who have the possibility of occupational exposure, this group of compounds have drawn attention, been
subject of various scientific research. In this study, toxicological profiling
of certain PFASs were performed using Derek Nexus and Derek Meteor
knowledge-based software analyzing for both parent and metabolite
compounds. Representative compounds of each group of polymer and
non-polymer for PFASs were perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), perfluorohexanoic acid (PFHxA), perfluorooctanesulfonic acid (PFOS), 1H,1H,2H,2H-perfluorooctanephosphonic acid
(PFOPA), perfluorohexanephosphonic acid (PFHxPA), bis(perfluorooctyl)
phosphinic acid (bisPFOPIA), perfluorooctanesulfonyl fluoride (POSF),
perfluorohexyl iodide (PFHxI), 8:2 fluorotelomer iodide (8:2 FTI), 8:2
fluorotelomer alcohol (8:2 FTOH), 8:2 fluorotelomer methacrylate (8:2
FTMAC), 4,8-dioxa-3H-perfluorononanoate (ADONA), and polytetrafluoroethylene (PTFE). Derek software defines toxicity predictions using
terms such as “probable” as meaning “there is at least one strong argu-

1392 Application of the Virtual Cell-Based Assay in
Acute Systemic Toxicity

S. Proença, A. Paini, E. Joossens, J. Sala Benito, M. Whelan, A. Worth,
and P. Prieto. EC Joint Research Centre, Ispra, Italy. Sponsor: C. Tan.
The EURL ECVAM toxicokinetic strategy underlines the need for high
quality data and good modelling practices to be able to build acceptable computational models that support chemical risk assessment, while
avoiding the use of animal tests. The Virtual Cell Based Assay (VCBA) is a
computational model that mathematically describes chemical fate and
transport in an in vitro system, cell partitioning, intracellular concentrations, cell growth and division and toxic effects on the cells. One potential area of application of the VCBA is acute systemic toxicity. This area
represents a complex in vivo endpoint, routinely required for hazard
identification and classification purposes. Available data indicate that
BALB/c 3T3 neutral red uptake cytotoxicity assay can be used to support
the identification of low acute oral toxicity. However, several considerations need to be kept in mind when interpreting cytotoxicity data, such
as in vitro kinetics, which can be captured by the VCBA. This pilot study
was carried out for a set of chemicals: acetyl salicylic acid, caffeine, endosulfan, isopropyl alcohol, maprotiline, pentachlorophenol (PCP), and
thioridazine hydrochloride (TH). Physicochemical properties (Henry constant, logP, air/water degradation, atomic diffusion, molar volume) were
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of completing regulatory dossiers. ASSIST is a web-based platform that
aids regulatory experts in collecting data by screening reliable information sources relevant for REACH endpoints, filling the gaps in clients’
dossiers, and evaluating the weight of gathered knowledge. It presents
a dashboard to consultants with the issues requiring most attention in
a registration dossier. The platform can suggest alternative approaches
for filling information gaps including read-across, QSAR and integrated
testing strategies, assess the applicability domain for the models and
suggest Klimisch Scores based on the available data. The platform
also controls the workflow from data gathering, logging, backup and
archiving. It exports the data in an OECD Harmonized Templates format
that can be directly imported into IUCLID 6 for easy submission to the
European Chemicals Agency. By saving valuable experts’ time in finding
and using relevant information, ASSIST enhances the capacity of regulatory scientists to focus on issues of most need for their expertise such
as evaluation and gap filling. The approach also supports 3Rs principles and goals, by enabling the finding and use of Alternative Methods
evidence that can be used within the supported REACH regulatory
reporting workflows.

retrieved from Chemspider, EPIsuite, and CompTOX. If experimental
values were not available, predicted ones were chosen. Data on cell
mass fraction, cell population and cell division rate for 3T3Balb/c cells
were also used. Optimization of the VCBA parameters was performed
using in vitro cytotoxicity data. Chemicals partition between plastic,
headspace, protein, lipids, and the remaining dissolved concentration in
medium were simulated by the model after 24h. The dissolved concentration was compared to the nominal IC50 value (nominal IC50/dissolved
fraction). Ratios for 4 chemicals (1-10) indicate that in vitro kinetics did
not influence the cytotoxicity result. However, for PCP and TH the difference between concentrations was several orders of magnitude (ratios of
158 and 88, respectively), indicating that the dissolved concentrations
will be a more appropriate dose metric. Simulation results for additional
170 chemicals will also be presented. This study highlights the need to
better incorporate in vitro kinetics as well as the usefulness of the VCBA
to simulate in vitro processes that determine the bioavailable intracellular effective concentration of chemicals.

1393 Using High-Throughput Literature Mining to
Support Read-Across Predictions of Toxicity

N. C. Baker1, T. Knudsen2, K. Crofton2, and G. Patlewicz2. 1Leidos,
Research Triangle Park, NC; and 2US EPA, Research Triangle Park,
NC.
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Building scientific confidence in the development and evaluation of
read-across remains an ongoing challenge. Approaches include establishing systematic frameworks to identify sources of uncertainty and
ways to address them. One source of uncertainty is related to characterizing biological similarity. Many research efforts are underway such
as structuring mechanistic data in adverse outcome pathways and
investigating the utility of high throughput (HT)/high content (HC)
screening data. A largely untapped resource for read-across to date is
the biomedical literature. This information has the potential to support
read-across by facilitating the identification of valid source analogues
with similar biological and toxicological profiles as well as providing the
mechanistic understanding for any prediction made. A key challenge in
using such information is to convert and translate its unstructured form
into a computable format that can be linked to chemical structure. We
developed a novel text-mining strategy to represent literature information as keyword features (toxicity signatures) at the chemical level. The
elements of the toxicity signatures were weighted using a rule-based
algorithm that assessed the strength of the literature relationship. This
weight was used to rank and visualize the signature as literature ToxPIs
(LitToxPIs) for ~6,000 chemicals described in the biomedical literature
for a variety of toxicity types including genetic toxicity, developmental
toxicity, reproductive toxicity and thyroid toxicity. We then developed a
user interface (UI) that facilitates exploration of the literature evidence
behind the signatures. As an example, the literature evidence extracted
from the 2,745 articles about bisphenol A resulted in a toxicity signature
showing reproductive toxicity as the most significant type for this chemical. When ranked with all chemicals showing evidence of reproductive
toxicity, bisphenol A was third in the total list of 2,092 chemicals. To
demonstrate how these methods can enrich read-across for chemical
categories, we generated and ranked LitToxPIs for a set of 64 benzene
derivatives. This UI provides a tool that allows researchers to substantiate structure based read-across predictions with literature reports of in
vitro and in vivo toxicity and thereby achieve a higher level of confidence
in those predictions. This abstract does not necessarily represent US EPA
policy.

1394 TargetTri: A Toxicity-Based Triaging System for
Novel Drug Targets

J. Venhorst, E. P. van Someren, F. J. van de Brug, G. J. Kalkman, R.
H. Stierum, S. Folkertsma, and C. A. Krul. TNO, Zeist, Netherlands.
Sponsor: A. Dankers.
High drug attrition rates in recent decades have motivated pharmaceutical companies to tackle the underlying causes as early as possible in
their pipelines. In regards to safety, this involves assessing liabilities of
drug targets and developing de-risking strategies in the nomination
stage. With an expansive variety of information now available via datamining, text-mining, and systems biology, this effort weighs on resources
and can hamper efficient prioritization of multiple targets. To aid in the
triaging of novel drug targets, TNO has developed a web-based system
that builds upon a previously designed Target Safety Assessment workflow. This system extracts information from: 1) relevant databases (e.g.
UniProt, Pathway Commons, ChEMBL); 2) in-house curated data on
known toxicities of proteins; 3) text-based resources using TNO’s textmining tool ERIS. A customized ontology has been developed in-house
to structure results from the latter based on toxicity and target organ. To
allow intuitive and efficient analysis of the available data, various web-

views have been developed. The interactive network view links targets
and their immediate biological network to diseases and toxicities. The
toxicity effects view displays identified effects per organ in a heat-map,
and allows further analysis of the text-mining results by digging down
to the source data. Other views display summary data, ligand information and clinical trial data. Validation against an in-house pharma
safety report on the data-rich target HSP90 demonstrated, as shown,
that both the major toxicities (QTc prolongation, liver necrosis and renal
failure) and minor effects (visual disturbances) could be identified with
TargetTri. Mined data from both curated databases (OMIM, CTD) and
text (ERIS) further indicated a major role of HSP90 in cancer, in accordance with its therapeutic application. TargetTri can extract and visualize data on-the fly for any of the 20k reviewed human proteins deposited in Uniprot, allowing highly efficient toxicological assessments and
triaging of drug targets. This research is supported by the Dutch Ministry
of Economic Affairs.

1395 Read-Across for a High-Tier Endpoint: A Case
Study for Reproductive Toxicity

E. Fioravanzo5, A. Bassan5, A. Ciacci5, M. T. Cronin3, V. Gombar4,1,,
S. Kovarich5, M. Pavan5, A. Richarz2, O. Sacher4,1,, A. P. Worth2, and
C. Yang4,1,. 1Altamira LLC, Columbus, OH; 2EC JRC, Ispra, Italy;
3Liverpool John Moores University, Liverpool, United Kingdom;
4Molecular Networks, Erlangen, Germany; and 5S-IN Soluzioni
Informatiche, Vicenza, Italy.
The practice of “reading across” is broadly aimed at toxicological assessments by inferring from known toxicity data of compound(s) with
“similar” property profile. Nevertheless, the lack of consensus regarding
the extent and type of evidence necessary to support a read-across prevents its successful application and acceptance by regulatory authorities.
There are two challenging aspects of any read-across exercise: assessing
similarity and assessing uncertainty associated to similarity justification and to the overall read-across approach. The present case study
investigates the role of ADME properties, experimental and predicted,
in supporting the similarity assessment in a read-across addressing
reproductive toxicity and in reducing the uncertainty in the context
of the similarity rationale. We analysed 14 pesticides, whose experimental physico-chemical, ADME, and toxicological data were available from EFSA Opinions: Cyprodinil, Pyrimethanil, Chlorantraniliprole,
Cyantraniliprole, Cyclaniliprole, Atrazine, Terbuthylazine, Quizalofop-Pethyl, Quizalofop-P-tefuryl, Fenoxaprop-ethyl, Acetochlor, Propisochlor,
Bixafen, Fluxapyroxad. These compounds were grouped based on structural similarity and six read-across case study scenarios were designed
to assess reproductive toxicity. The target toxicological experimental
data were used only as validation of the prediction. The read-across was
performed integrating available experimental data, in silico values generated with the OECD QSAR Toolbox, ChemTunes/ToxGPS and ACD/
Percepta and mechanistic reasoning to justify the analog similarity. We
observed that for a high-tier endpoint like reproductive toxicity, ADME
and transformation similarity are important for a successful read-across
assessment. Thus a lower uncertainty was associated with a scenario
when all group members had similar ADME properties and common
metabolic transformations resulting in a more robust read-across for
both positive and negative calls.

1396 Effects of Chronic Occupational Manganese

Exposure on Amphetamine-Induced Striatal
Dopamine Release: A Pilot Study

D. A. Edmondson2, S. Snyder2, S. E. Zauber1, M. E. Halcomb1, K. K.
Yoder1, and U. Dydak2. 1Indiana University School of Medicine,
Indianapolis, IN; and 2Purdue University, West Lafayette, IN.
Manganese (Mn) is a neurotoxin that causes symptoms similar to
Parkinson’s Disease (PD). Unlike PD, L-DOPA does not remedy the
symptoms of manganese toxicity, suggesting a different, yet unknown,
mechanism from the loss of dopamine neurons that causes PD. Studies
in non-human primates have shown lower baseline dopamine (DA)
receptor availability (i.e., binding potential, BP), which suggests lower
DA D2/D3 receptors in Mn toxicity. These studies also suggested lower
responsivity of DA release in response to amphetamine challenge,
which was interpreted as lower levels of synaptic dopamine available
for release. This study is the first pilot [11C]-raclopride PET study to use
an amphetamine challenge to test the effects of long-term Mn occupational exposure on the striatal dopamine system in humans. Two
welders (Mn exposure: 0.5 and 0.035 mg/m3*yr) and 2 controls participated. Standard [11C]-raclopride (RAC) PET methods were used to assess
amphetamine-induced striatal DA release. Subjects received one baseline RAC scan, and another RAC scan one hour after taking 0.4mg/kg
d-amphetamine (AMPH). RAC binding potential (BPND) was estimated
in striatal regions of interest with MRTM2, with the cerebellum as a

1397 In Vivo Dopamine Release PET and T1-Weighted
MRI Relaxation Time in the Frontal Cortex of
Mn-Exposed Nonhuman Primates: Are the
Effects Reversible?

T. R. Guilarte1, J. L. McGlothan1, J. Perez1, Y. Zhou2, C.-L. Yeh3, D.
F. Wong2, U. Dydak3, and J. S. Schneider4. 1Florida International
University, Miami, FL; 2Johns Hopkins University, Baltimore, MD;
3Purdue University, West Lafayette, IN; and 4Thomas Jefferson
University, Philadelphia, PA.
Dopamine (DA) plays an important role in modulating motor and cognitive functions. Studies have linked activation of the frontal cortex
DAergic system and working memory performance in experimental
animal models and in humans. Previously, we have shown that nonhuman primates chronically exposed to moderate levels of manganese
(Mn) express working memory deficits (Schneider et al., 2009, 2015)
and this could be related to a dysfunctional DAergic system (SOT2016).
This study provided the opportunity to assess the reversibility of the
Mn-induced deficits of in vivo dopamine release and on T1-weighted
MRI relaxation time as a measure of Mn accumulation in the brain. Two of
the Mn-exposed animals were used for this study. They received in vivo
dopamine release PET study using [11C]-FLB,457 PET with amphetamine
challenge in the frontal cortex and T1-weighted MRI before, during, and
immediately after the termination of the Mn exposure period (approximately 18 months). The neuroimaging studies were then performed
again 6 months after the termination of the Mn exposure period. The
results show that in one animal there was complete recovery of the
impairment of dopamine release in the frontal cortex relative to baseline (prior to Mn exposure) and complete elimination of the Mn from
the same brain region. In the second animal, there was partial recovery
(approximately 50%) of the dopamine release impairment and complete
elimination of the Mn from the brain. We are also assessing the levels of
D1-dopamine receptors using quantitative receptor autoradiography
in frontal cortex tissue. These findings in non-human primates suggest
that some of the neurochemical changes resulting from Mn exposure
are reversible and provide an approach to understand which aspects of
chronic Mn neurotoxicity may be reversible after cessation of exposure.
[Supported by NIEHS ES010975 to TRG]

comparison correction, whereas there were no differences in these measures in other ROIs or in PI and R1 values for any ROI (p’s>0.78). The lack
of PI and R1 differences indicate low-level Mn exposure in welders. In
contrast, PD patients showed higher R2* (raw p=0.001) but lower FA
(raw p =0.010) values in the SN compared to PD-controls, both of which
remained significant after multiple comparison correction, whereas no
R2* or FA differences were found in the CN or GP (p’s >0.13). Conclusion:
The present results indicate that spatial patterns of brain Fe accumulation (assessed by R2*) and microstructural changes (assessed by FA)
may be different in asymptomatic welders with low Mn-exposure and
PD patients and further dissociate welding-induced disorders from PD.

1399 TMEM135 Protects against Manganese-Induced

Lethality and Dopaminergic Neurodegeneration
in C. elegans and Primary Neuronal Cultures

C. D. Barnhart1, A. B. Bowman2, and M. Aschner1. 1Albert Einstein
College of Medicine, Bronx, NY; and 2Vanderbilt University,
Nashville, TN.
Manganese (Mn) is a ubiquitous trace element involved in proper neuronal and glial function, but excessive exposure is associated with dopaminergic dysfunction and parkinsonian symptoms. Several mechanisms
may underlie these neurotoxic effects, including oxidative stress and
mitochondrial dysfunction. Studying genes and proteins involved in
these processes can enhance our understanding of Mn-induced pathophysiology. We have shown that the novel protein TMEM135 is associated with cold and fasting stress responses in mice, and maintenance of
mitochondrial membrane potential and longevity in C. elegans. Given
their common molecular pathways, we sought to elucidate whether
TMEM135 affects Mn-induced death and dopaminergic neurotoxicity
in two different model systems. L1 larval C. elegans with the deletion
mutation tmem135(ok1646) (tmem(-/-)) and wild-type (WT) C. elegans
were acutely exposed to 0-50 mM MnCl2. Compared to WT worms, survival rates were significantly reduced in tmem(-/-) worms exposed to
Mn beginning at 48 hr post-exposure and persisting for 9-13 days. WT
worms exposed to 5 or 10 mM Mn exhibited significant degradation of
dopaminergic dendrites and somata, and tmem(-/-) worms exposed to
vehicle or 5 or 10 mM Mn exhibited significantly exacerbated neurodegeneration compared to WT worms. Dissociated rat primary cultures of
ventral tegmental area and substantia nigra neurons and/or microglia
were exposed to 0-1000 µM MnCl2 to further probe the involvement
of TMEM135 in Mn effects on dopaminergic cell health. Microglial and
neuronal-microglial co-cultures were significantly more sensitive to
Mn-mediated increases in oxidative stress and decreases in viability
than neuronal cultures. Western blots of neuronal cultures revealed
that TMEM135 expression was reduced with Mn exposure. Addition
of microglia to these cultures decreased baseline TMEM135 levels, but
increased TMEM135 with simultaneous Mn exposure. Taken together,
these data suggest that TMEM135 may contribute to survival of acute
Mn intoxication and play a protective role against Mn-dependent dopaminergic neurodegeneration. This work was supported by NIH (grants R21
ES025415; R01 ES010563).

1400 Subchronic Manganese (Mn) Exposure Impairs
1398 Distinguishable Spatial Patterns of R2* and

Fractional Anisotropy in Asymptomatic Welders
and Patients with Parkinson’s Disease

E. Lee, G. Du, M. M. Lewis, L. Kong, R. Mailman, and X. Huang.
Pennsylvania State University College of Medicine, Hershey, PA.
Introduction: Welding fumes contain several metals including manganese (Mn) and iron (Fe) that at high exposure may be neurotoxic.
Although subjects with chronic welding exposure show similar motor
symptoms (e.g., rigidity and gait problems) as observed in Parkinson’s
disease (PD) patients, distinguishable features also were reported such
as lack of response to levodopa therapy (the most common parkinsonian drug therapy). This study sought to compare the MRI differences
between welding-induced brain changes and those associated with PD.
Method: Asymptomatic welders (n=43; mean age= 48.6±10.8) and subjects with PD (n=46, mean age= 63.0±8.4, mean Hohn & Yahr=1.64±0.5)
were compared to age-matched controls (welder-controls: n=31, mean
age= 43.6±11.4; PD-controls: n=45, mean age= 60.6±8.0). Brain MRI
R2* (1/T2*; to gauge Fe accumulation) and diffusion tensor imaging
(DTI) fractional anisotropy (FA; to assess microstructural changes) were
obtained in basal ganglia [caudate nucleus (CN), putamen, globus pallidus (GP), and substantia nigra (SN)]. For welders and welder-controls,
R1 (1/T1) and pallidal index (PI; both to gauge Mn accumulation) also
were obtained. Results: Compared to welder-controls, welders had
significantly higher R2* values in the CN (raw p=0.006) and lower FA
values in the GP (raw p= 0.004) that remained significant after multiple

Hippocampal Neurogenesis in Adult Rats

X. Fu2, X. Shen2, W. Jiang2, V. Lai2, X. Wang1, J. Cannon2, J. Chen1,
and W. Zheng2. 1Indiana University, Indianapolis, IN; and 2Purdue
University, West Lafayette, IN.
Our previous studies demonstrate that subchronic Mn exposure
enhances the proliferation of neural stem/progenitor cells (NSPCs) in
the subventricular zone, but results in an overall reduction of adult neurogenesis in the olfactory bulb. This study was designed to determine
whether subchronic Mn exposure disturbed the adult neurogenesis in
hippocampal dentate gyrus (HDG). Adult SD rats were administered
with a single ip dose of BrdU at the end of 4-wk subchronic Mn exposure to label the proliferating cells. Immunostaining and cell counting
data showed a 37% reduction of BrdU(+) cells in Mn-exposed HDG as
compared to the saline control (n=4; p<0.05). The newly proliferating
NSPCs in the control HDG sub-regions had a distribution pattern being
40% in the subgranular zone (SGZ), 32% in the molecular layer, 27%
in the hilus, and 1% in the granule cell layer. This distribution pattern
did not change following subchronic Mn exposure. The majority of the
BrdU(+) proliferating cells were identified as SOX2(+) cells. To investigate how these newly generated cells migrated, survived and differentiated in the HDG, another group of adult rats received BrdU injections
for 3 consecutive days prior to the 4-wk subchronic Mn exposure. After
2-wk treatment, 54% of the surviving BrdU(+) cells were found in the
Mn-exposed HDG, which was significantly lower than 80% of the survival rate in the corresponding control (p<0.01). By 4 weeks, the survival rates were further reduced in the control (51%) vs. Mn-exposed
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reference input function. Average percent change in BPND was used to
quantify the magnitude of effects prior Mn exposure on striatal DA function. Percent change in BPND relative to baseline (dBP) was the metric
used to infer changes in DA concentration during the AMPH scan. Data
from one control had to be excluded due to significant motion. Relative
to the valid control subject, welders had a small increase in dBP (6.9%
vs. 3.9%), suggesting slightly more available DA in welders. While statistical differences in BP were indeterminable due to the small sample
size, results may indicate that the exposure levels are not sufficient to
induce changes in striatal DA content. The welder with the highest Mn
exposure had the lowest initial BP (BP = 2.10) suggestive of a dose-response effect and that high Mn exposure may result in lower striatal D2/
D3 availability. However, larger sample sizes and full characterization
of Mn content in the brain are required in order to fully understand the
impact of Mn exposure.

group (33%) (p<0.01). Comparison of the migration of newly proliferating cells within the HDG sub-regions did not find the Mn effect on
the migration pattern of the newborn cells in HDG. Furthermore, fewer
BrdU/DCX(+) immature neuroblasts and BrdU/NeuN(+) mature neurons
were detected in the HDG following 2-wk (47%) and 4-wk Mn (30%)
exposure, as compared with corresponding controls at 2-wk (72%) and
4-wk (43%), respectively, (n=4, p<0.05). Taken together, these results
suggest that Mn exposure significantly reduced the cell proliferation in
the adult HDG, these newborn cells are capable of migrating from the
SGZ toward the GCL. Within the GCL, Mn exposure significantly reduces
the surviving adult-born cells and markedly inhibits their differentiation
into mature neurons, resulting in an impaired adult neurogenesis in the
HDG. (Supported by NIEHS ES008146)

1401 Developmental Manganese Exposure Causes

Heightened Reactivity Due to Arousal
Dysregulation in the Open Field and Radial Arm
Maze Tasks

T. E. Conley2, S. A. Beaudin2, S. M. Lasley3, C. A. Fornal3, B.
J. Strupp1, and D. R. Smith2. 1Cornell University, Ithaca, NY;
2University of California, Santa Cruz, CA; and 3University of Illinois
College of Medicine, Peoria, IL.
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Environmental manganese (Mn) exposure during neurodevelopment
has been associated with inattention, impulsivity, and hyperactivity in
children and adolescents - deficits that may be due to impaired catecholaminergic (DA/NE) function in the prefrontal cortex (PFC). Recent
studies by us and others in animal models have shown that elevated
postnatal Mn exposure can cause lasting deficits in these functions, possibly due to arousal regulation deficits. Here we determined if the effect
of early postnatal Mn exposure to cause hyperactivity, behavioral disinhibition, and spatial learning deficits could be attributed to heightened
reactivity to a novel environment, or to deficits in arousal regulation.
We also explored the underlying mechanisms of these Mn effects on
evoked neurotransmitter release and DA/NE synaptic proteins in the
PFC. Neonate rats were exposed orally to 0, 25 or 50 mg Mn/kg/d over
early postnatal life (PND 1 - 21) or lifelong from PND 1 until the end
of the study, and tested for behavioral reactivity in the open field test
(OF, 5 d over PND 24-28), and in spatial (radial arm maze, PND 35-49)
and non-spatial (social transmission of food preference, PND 115 -120)
learning and memory tasks. Neurotransmitter release was assessed by
dual-probe microdialysis in PND 28 - 33 weanlings, and DA/NE synaptic
protein levels by quantitative IHC at PND 100. Early postnatal Mn exposure increased OF activity during the first 5 min of the 30 min session
over 5 daily sessions, consistent with impaired arousal regulation in
the Mn animals, versus a heightened reactivity to a novel environment
that would be expected to diminish over the 5 sessions. Mn exposure
also caused greater activity in the inner zone of the OF that increased
across session days for the 30 min daily session, suggesting impaired
behavioral inhibition. Additionally, Mn caused mild maze learning and
memory deficits in adolescence, suggesting deficits in spatial learning
and memory. There were no measurable effects of Mn on PFC adrenergic alpha-2A receptor levels: analyses of other synaptic proteins and
extracellular DA/NE levels are forthcoming. In sum, developmental Mn
exposure led to heightened behavioral reactivity and modest learning
and memory deficits in rats that may reflect impaired arousal regulation.

exposure, suggesting that Mn upregulates PK2 expression via an HIF1dependent pathway. Finally, we tested the in vivo effect of Mn on PK2
expression using a GENSAT PK2 GFP transgenic mouse model. During
early exposure to Mn (30 mg/kg for 10 days, oral), HIF1 levels drastically increased in the substantia nigra (SN), but only slightly increased
in the striatum, whereas PK2 levels were significantly upregulated in the
SN while slightly decreasing in striatum. Prolonged exposure to Mn (30
mg/kg for 30 days) significantly upregulated PK2 levels in the SN with a
concomitant increase in HIF1 transcription factor levels. Interestingly,
in the striatum, where manganese-induced cell death mainly occurs,
decreased HIF1 and PK2 levels were noted. Combined with cell culture
studies, the differential regulation of PK2 in the striatum and substantia
nigra might suggest a possible neuro-protective role of PK2 in the SN
during early exposure to Mn. Taken together, these results suggest that
Mn upregulates PK2 levels to counter the early neurotoxic stress and
that Mn-induced upregulation of PK2 expression is transcriptionally regulated by HIF1. (NIH grants ES10586 and NS78247).

1403 Integration of Redox Proteomics, Metabolomics
and Transcriptomic Analysis (RMT) Reveal
Dynamic Oxidative Stress Responses to
Manganese in Human SH-SY5Y Neuroblastoma
Cells

J. Fernandes, K. Uppal, J. D. Chandler, L. N. Lili, X. Hu, Y. M. Go, and
D. P. Jones. Emory University, Atlanta, GA.
Manganese (Mn) occurs naturally in the environment at low doses
and is essential for normal cellular processes. Excessive occupational
Mn exposure also causes oxidative stress and neurotoxicity similar to
Parkinsonism, creating a requirement that Mn intake must be optimized
to maintain homeostasis. Mn serves as a cofactor in multiple enzymatic reactions, plays a role in structural stability, participates in redox
activities and yet with such diverse roles, the impact of Mn on systems
biology is not well understood. We therefore employed a dose response
design encompassing Mn concentrations varied over a physiologic (≤
10μM MnCl2) to toxicological range (≥50μM MnCl2) in human neuroblastoma SH-SY5Y cells for 5 h to gain a mechanistic understanding of
Mn-dependent mitochondrial-cellular signaling networks. In a recently
published study, we showed that Mn had dynamic effects on mitochondrial activity, increased mitochondrial hydrogen peroxide (H2O2), antioxidant superoxide dismutase activity and oxidation of protein thiols in a
dose dependent manner. Using these Mn dose dependent characteristic
cellular responses combined with a systems biology approach we identify central pathways of cell-mitochondrial oxidative signaling altered by
Mn. Data analysis from integrative omics approach of redox proteomics,
metabolomics and transcriptomics (RMT) by redox isotope coded affinity
tag, ultra-high resolution mass spectrometry, and RNA-sequencing was
performed. RMT results show that Mn significantly altered 100 protein
peptides, 262 metabolites and 567 transcripts (p≤ 0.05). Central RMT
hubs altered by Mn include mitochondrial dysfunction, oxidative stress
responses, energy metabolism, protein folding, cytoskeleton remodeling, tyrosine and butanoate metabolism. Together, we show that
mitochondrial oxidative signaling and cellular neurotransmitter metabolism respond dynamically to different Mn levels. This suggests that
mitochondrial response could exhibit critical determinants to complex
cellular signaling and that RMT can be developed as a useful tool to
understand mitochondrial signaling and toxicity due to environmental
chemical exposures.

1402 Early Manganese Exposure Triggers a

Compensatory Protective Response by
Transcriptional Activation of Prokineticin-2 Gene
Expression

J. Luo, M. Neal, H. Jin, M. Langley, V. Anantharam, A. Kanthasamy,
and A. G. Kanthasamy. Iowa State University, Ames, IA.
Although chronic exposure to excessive manganese (Mn) produces
a neurotoxic insult to the basal ganglia neurotransmitter system that
culminates in Parkinsonism, the cellular and molecular mechanisms
underlying Mn-induced neurotoxicity are largely unknown. While much
focus has been placed on cell death processes underlying the neurotoxic effect of Mn, early neuronal response to Mn exposure deserves
more attention. Recently, we reported that the prokineticin-2 (PK2)
protein plays a major compensatory protective function in nigral dopaminergic neurons (Nature Comm). We unexpectedly discovered that
the PK2 gene is significantly upregulated during the early stages of Mn
neurotoxic stress in an N27 dopaminergic cell model. To further study
the molecular mechanisms underlying Mn-induced PK2 upregulation,
we revealed the presence of the HIF1 putative binding site during an in
silico analysis of the PK2 promoter. Cell culture studies suggested that
HIF1 overexpression upregulated PK2 expression, and that PK2 overexpression protected against Mn-induced dopaminergic neurotoxicity.
Importantly, we observed increased HIF1 levels during early stages of Mn

1404 Further Characterization of Intracellular

Mn-Modifying Small Molecules Identified in a
High-Throughout Screen

K. J. Horning2, J. Jiménez2, T. R. Duncan2, M. Aschner1, and A. B.
Bowman2. 1Albert Einstein College of Medicine, Bronx, NY; and
2Vanderbilt University Medical Center, Nashville, TN.
Manganese (Mn) is a toxic and redox-active metal that is also an essential
cofactor for life. Given this dichotomy, proper regulation of Mn is critical.
Though Mn homeostasis has been well described on a systems level,
mechanisms of its transport and homeostasis within cells are unclear
and understudied. Our lab previously identified 41 small molecules
(SMs) via a high throughput screen which could significantly increase or
decrease intracellular Mn in a concentration-dependent manner, using
a mouse striatal neuron line, deriving from a brain region that selectively accumulates Mn at basal and pathogenic conditions. We report a
further refinement of these small molecules, after accounting for availability (2 SMs), and false positives due to fluorescence interference (1
SM) and conjugation of Mn to the polystyrene assay plate (5 SMs). The
resulting 33 SMs - our “Mn toolbox” - have been used to study Mn transport and homeostatic regulation at the cellular level. All small molecules
tested manipulate Mn via mechanisms independent of the SV40 Large

1405 Valproic Acid Attenuates Manganese-Induced

Repression of Astrocytic Glutamate Transporters
and Neurological Behavioral Deficits in Mice

Johnson3,

Karki2,

Aschner1,

Lee2. 1Albert Einstein

J.
P.
M.
and E.
School of Medicine, New York, NY; 2Florida A&M University,
Tallahassee, FL; and 3Meharry Medical College, Nashville, TN.

Chronic overexposure to manganese (Mn) causes neurological disorders
with shared features of Parkinson’s disease (PD), referred to as manganism. Mn represses astrocytic glutamate transporters (GLAST and GLT-1)
promoters and expression of mRNA and proteins. Although the mechanism(s) of Mn-induced neurotoxicity is not completely understood, it
appears that histone deacetylases (HDACs) are involved in Mn-induced
repression of GLT-1/GLAST. In this in vitro study, an anti-epileptic drug,
valproic acid (VPA), an HDAC inhibitor, was used to determine if VPA
attenuates Mn-induced decrease of GLAST and GLT-1 in human H4
astrocytes and in vivo C57BL mice. VPA at 1, 2, and 4 mM increased
GLAST and GLT-1 promoter activities and levels of mRNA and protein in
H4 astrocytes. VPA (2 mM) attenuated Mn-induced decreases of GLAST
and GLT-1 promoter activity, mRNA and protein levels in astrocytes. To
determine if the VPA-induced attenuation is recapitulated in vivo, C57BL
mice were intranasally-instilled daily with 30mg/kg Mn, VPA (200mg/
kg, daily, IP), or Mn plus pretreatment of VPA (200mg/kg, daily, IP).
Saline was used for the control group. The results showed that VPApretreated mice attenuated Mn-induced decrease in locomotor activity
in open field testing and motor coordination in rotarod behavior tests.
Western blot analysis of tissue lysates showed that Mn decreased both
GLAST and GLT-1 protein levels in cortex, cerebellum and striatum
of the mouse brain, while VPA attenuated Mn-induced decreases in
those brain regions. These findings suggest that VPA could prevent
Mn-induced behavioral deficits by attenuating Mn-induced repression
of astrocytic glutamate transporters. (Supported by R01 ES024756 and
NIGMS SC1089630)

1406 Estrogen and Tamoxifen Prevent Manganese-

Induced Reduction of Tyrosine Hydroxylase and
Astrocytic Glutamate Transporters Expression
in Mice by Attenuating Manganese-Induced
Inhibition of the ERK Pathway

P. Karki2, J. Johnson3, M. Aschner1, and E. Lee2. 1Albert Einstein
School of Medicine, New York, NY; 2Florida A&M University,
Tallahassee, FL; and 3Meharry Medical college, Nashville, TN.
Chronic overexposure to manganese (Mn) causes Parkinson’s disease-like neurological disorder manganism, and dysregulates astrocytic glutamate transporters (GLT-1 and GLAST). Estrogen and selective estrogen receptor modulators (SERMs) exert neuroprotection and
enhance expression of these glutamate transporters. We have previously reported that 17β-estradiol (E2) and tamoxifen (TX) attenuated
Mn-induced repression of both GLT-1 and GLAST in primary astrocytes.
To further investigate whether these effects of E2 and TX against Mn
recapitulate in vivo animal models, we treated Mn for one week (single
injection, 0.2μmol/0.2 μl H2O of MnCl2) by striatal injection (right side)
into the brain of overiectomized mice, and compared with groups of E2
or TX pellets (0.025 mg, 21 day release) implantations in the lateral side
of neck of the overiectomized mice which were maintained for 2 weeks
prior to Mn injection. The results showed that the Mn-induced decrease
in distance traveled was attenuated by E2 and TX. Mn reduced the
expression of both astrocytic glutamate transporters - GLT-1 and GLAST
in the right striatum. Mn also reduced the expression of tyrosine hydroxylase (TH), a marker for dopaminergic neurons. Notably, both E2 and TX
protected against Mn-induced reduction of GLT-1, GLAST and TH. To
gain mechanistic insights, we also analyzed the expression of estrogen

receptors (ERs) and signaling proteins such as ERK and Akt. Mn reduced
the expression of ER-α but not ER-β, and phospho-ERK levels, whereas
E2 and TX attenuated Mn-induced reduction of ER-α and phospho-ERK.
These results suggest that E2 and TX protect against Mn-induced reduction of dopaminergic function in striatum and repression of astrocytic
glutamate transporters by attenuating Mn-induced inhibition of the
ERK pathway and ER-α reduction, indicating that Mn also targets molecular sites upstream of the glutamate transporters. Combined, the findings suggest that estrogenic compounds protect against Mn-induced
downregulation of GLT-1/GLAST in vivo mouse model, indicating neuro-SERMs may be beneficial against Mn toxicity or excitotoxic neurological diseases.

1407 Manganese Induces Autophagy Dysregulation
through Suppressing TFEB Activity in Mouse
Astrocyte Cultures

Z. Zhang, R. Singh, and M. Aschner. Albert Einstein College of
Medicine, Bronx, NY.
Autophagy is a lysosomal degradation pathway in which cytoplasmic
components, such as protein aggregates and damaged organelles are
delivered to lysosomal compartment for degradation and recycling.
Mounting evidence has implicated autophagic dysfunction as a secondary pathologic mechanism for various neurodegenerative diseases.
However, while it is known that chronic overexposure to manganese
(Mn) induces degeneration of dopaminergic neurons, it has yet to be
determined whether autophagy dysfunction is involved in Mn-induced
neuronal injury. Here we investigated the effects of Mn exposure on
autophagy in vitro using mouse primary astrocyte cultures. Our results
demonstrated that Mn administration disrupted intracellular autophagy, as evidenced by decreased microtubule-associated protein 1
light chain 3 (LC3) flux, increased levels of immature autophagosomes,
and elevated accumulation of autophagic substrates p62 and K63.
Furthermore, our study showed that Mn inhibited the activity of transcription factor EB (TFEB), which is a master regulator for autophagy
and lysosomal biogenesis. Mn induced extracellular signal-regulated
kinase (ERK)-mediated TFEB phosphorylation, thereby inhibiting TFEB
nuclear translocation. At the same time, exposure of Mn promoted
TFEB degradation through ubiquitin-proteasome pathway, since proteasomal inhibitor MG132 massively enhanced TFEB protein levels and
autophagic activity in Mn-treated astrocytes. Inhibition of TFEB by TFEBtargeting shRNA suppressed the expression of TFEB-target genes and
abolished the MG132-induced autophagy activation. In conclusion,
these results showed that Mn exposure induced autophagy dysfunction in astrocytes. The study further identified that Mn disrupted both
autophagosomal induction and lysosomal clearance by downregulating
TFEB in cell nuclei. The current study has provided novel insights to the
pathophysiological mechanisms underlying Mn-induced neurotoxicity,
which may shed new light on determining interventional targets to
ameliorate the aberrant effects of Mn overexposure.

1408 BTBD9, a Restless Legs Syndrome-Associated

Protein, Regulates Manganese-Induced Toxicity
in C. elegans

P. Chen1, S. Li1, J. Bornhorst2, A. B. Bowman3, and M. Aschner1.
1Albert Einstein College of Medicine, Bronx, NY; 2University
of Potsdam, Nuthetal, Germany; and 3Vanderbilt University,
Nashville, TN.
Restless Legs Syndrome (RLS) is a common neurological disorders
seen in ~10% of the US population. RLS-associated sleep deprivation can seriously impact life quality, causing anxiety, depression and
attention-deficit/hyperactivity disorder (ADHD) symptoms. Moreover,
RLS may portend hypertension, heart disease and stroke. RLS exhibits
both familial and non-familiar (idiopathic) forms, with ~60% of cases
having a family history of the disease. BTBD9 is one of the genetic risk
factors, associated with decreased serum iron (Fe) level. Interestingly,
lymphocytes from RLS patients have an altered Fe management protein
profile, which also regulates manganese (Mn) homeostasis. This raises
the question as to whether the symptoms inherent to RLS patients
are the result of Fe deficiency or elevated concentrations of another
metal that opportunistically increases when Fe levels are low. Here we
present novel data that BTBD9 functions to regulate Mn homeostasis
in Caenorhabditis elegans (C. elegans). A blast search identified hpo-9
as the BTBD9 homolog in C. elegans, with ~75% sequence similarity. A
mutant strain tm3719 (hpo-9-/-) carrying 761 bp deletion of hpo-9 was
obtained. We found that hpo-9-/- worms were more sensitive to Mn
exposure. Upon Mn treatment, hpo-9-/- worms showed a significantly
lower survival rate and more severe DAergic neurodegeneration compared with wild type worms. Interestingly, no difference was seen when
worms were exposed to Fe. However, a low level of Fe (0.1 μM) pre-
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T-antigen - which has been previously shown to influence Mn uptake and act via mechanisms independent of extracellular Mn chelation. Each
molecule was also tested for their ability to influence the intracellular
content of other divalent metals: nickel, cobalt, copper, and zinc. The
data generated have been used to form a profile of each SM to organize the SMs into functional groups. Interestingly, a portion of the “Mn
toolbox” displayed genotype-dependent activity differences between
the wild-type (WT) striatal cells used in the screen, and those expressing
mutant Huntingtin. Mutant huntingtin-expressing cells display a deficit
in net Mn uptake following exposure, though this phenotype was suppressed, reversed, or exaggerated following small molecule co-treatment. However, only three of the compounds tested in HeLa cells had
significantly different activities in Mn handling (p < 0.05), compared to
their activity seen in WT striatal cells. The results suggest neural and
non-neural cells have similar mechanisms of Mn-handling that may be
altered by pathogenic mutations in Huntingtin. Supported by ES010563
(MA and ABB) and ES016931 (ABB).

treatment was able to protect Mn-induced lethality. To better characterize HPO-9 protein, a transcriptional fusion construct was created with
green fluorescent protein (GFP) driven under hpo-9 promoter. We found
that GFP was present high in the head and pharynx, low in the intestine and seam cells. Using a confocal microscopy, we found that hpo-9
was expressed in dopaminergic neurons, indicating that HPO-9 might
play a role in dopamine signaling. To confirm that, we over-expressed
HPO-9 in DAergic neurons of hpo-9-/- worms and found that it rescued
Mn-induced DAergic neurodegeneration. Together, our results suggest
a novel role for hpo-9/BTBD9 in regulating Mn homeostasis and possibly
dopamine signaling in C. elegans. (Supported by NIEHS ES010563)

1409 Concentration-Response Assessment of Toxcast
Phase Ii Compounds on Spontaneous Neural
Network Activity In Vitro

J. D. Strickland1, K. Wallace2, M. T. Martin2, K. Houck2, J. Ross1, and
T. Shafer2. 1Axion Biosystems, Atlanta, GA; and 2US EPA, Research
Triangle Park, NC.
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The NRC report on Toxicity Testing in the 21st Century called for development of alternative assays for toxicity hazard assessment. The current
study continues to evaluate the ability of multi-well microelectrode
array (mwMEA) systems to provide an efficient, high throughput in vitro
screening method to prioritize large sets of compounds for potential
neurotoxicity. A total of 384 compounds from US EPA’s ToxCast phase II
libraries were screened in primary cortical networks grown on mwMEA
plates for their ability to alter neural network function and cell health
following acute exposures (40 min). Concentration response (0.1 - 40
μM) of all compounds was assessed to determine potency. On day in
vitro 13 - 15, baseline activity (40 min) was recorded prior to exposure
to each compound. DMSO and the GABAA antagonist bicuculline (BIC)
were included as internal controls on each mwMEA plate. Changes in
spontaneous network activity (mean firing rate; MFR) and cell viability
(lactate dehydrogenase; LDH and CellTiter Blue; CTB) were assessed
within the same well following exposure. Following normalization of
MFR (nMFR) data, concentration-response functions were fit to the
data if the median nMFR at any concentration exceeded three times
the baseline median absolute deviation (3x BMAD). Preliminary analysis indicates that a total of 169 compounds exceeded 3xBMAD and
were fit by concentration-response functions; 6 compounds (colchicine,
heptachlor, isoproterenol, dieldrin, endrin and lindane) increased nMFR,
while 160 compounds decreased nMFR and 3 compounds (SR125047,
4-(butan-2-yl)phenol and S-bioallethrin) resulted in biphasic changes
in nMFR. Of these compounds, only 5 resulted in decreased cell viability
in the LDH and Cell Titer Blue assays. These results demonstrate that
mwMEAs can be used to screen compounds for potency of effects on
neural network function. (This abstract does not represent US EPA Policy).

1410 A Multivariate Extension of Mutual Information

in Developing Neural Networks Is a
Discriminative Measure of Compound Effects on
Network Activity

K. Ball1, C. Grant1, W. R. Mundy2, and T. Shafer2. 1ORAU, Oak Ridge,
TN; and 2US EPA, Research Triangle Park, NC.
Recordings of neural network activity in vitro, such as those obtained
from microelectrode arrays, are increasingly being used to assess the
effects of drugs, chemicals, and disease states on the development of
neural network function. The high-content nature of the data derived
from such recordings can be used to infer effects on a variety of conserved neural functions, including network synchrony. Historically,
synchrony of networks in vitro has been assessed by determination of
correlation coefficients (e.g. Pearson’s correlation), cross-correlation
distributions between pairs of active electrodes, or pairwise mutual
information. The present study examines the application of a modified
mutual information approach, termed Normalized Multiinformation
(NMI), as a scalar measure of shared information content in a multivariate network that is robust with respect to changes in network size.
Theoretical simulations demonstrate that NMI is a more sensitive and
consistent measure of early stage network development than several
alternative approaches. NMI analysis was applied to data collected with
exposure of rat cortical neural networks to reference neuroactive compounds (acetaminophen, bisindolymaleimide 1, mevastatin, and loperamide) during the first 12 days in vitro. Compared to other measures of
network complexity, including correlation coefficients and mean firing
rates of neurons, NMI is more sensitive for the identification of chemical
effects on network development. As a scalar measure of global mutual
information in a multivariate network, NMI is well-suited for making
population comparisons between recordings from different networks
to test for potential developmental neurotoxicity effects. (This abstract
does not represent US EPA policy).

1411 Evaluating Flame Retardant-Induced

Changes in Cortical Network Ontogeny Using
Microelectrode Arrays

J. P. Brown, K. A. Wallace, C. Frank, C. Grant, W. R. Mundy, and T. J.
Shafer. US EPA, Research Triangle Park, NC.
Flame retardants (FR) are used in a variety of consumer products and
human exposure to these compounds is generally via inhalation of
household dust. Historically, brominated FRs (BFRs) were widely used
in consumer products; due to their ability to bioaccumulate and potential neurotoxicity, BFRs are being replaced by organophosphorous FRs
(OPFRs). However, information on the developmental neurotoxicity
(DNT) potential of OPFRs is limited and further research is needed.
The current study examined FR-induced changes in neural network
ontogeny in 48 well microelectrode array (MEA) plates containing 16
electrodes/well. Spontaneous activity was assessed in cortical networks developmentally exposed to 18 FR compounds (9 OPFRs, 7 BFRs,
phenol, and the BFR mixture Firemaster 550; 0.03-30 µM) over 12 days
in vitro (DIV). The primary cortical culture was prepared from the neocortex of Long Evans rat pups (0-24hrs old) and maintained in culture
for 12 DIV. Treated media was added to the cells two hours after seeding
(DIV 0) and network activity was assessed on DIV 2,5,7,9, and 12 for 15
minutes. Following the final recording on DIV 12, the LDH and CellTiter
Blue cytotoxicity assays were employed to estimate cytotoxicity. The
majority of FRs had no effect on general network activity including
the number of active electrodes (#AE) and mean firing rate (MFR). On
DIV 12, 3 brominated FR (2-Ethylhexyl-2,3,4,5-tetrabromobenzoate,
2,2’,4,4’-Tetrabromodiphenyl ether, and 2,2’,4,4’,5-Pentabromodiphenyl
ether) decreased #AE and MFR at concentrations concomitant with cytotoxicity (20 uM), while 2 FRs (PBDE-47 and Bis (2-ethylhexyl) phthalate
(DEHP)) decreased these parameters in the absence of cytotoxicity.
Effects on 16 parameters of network ontogeny were further quantified using area under the curve analysis to collapse developmental
rate and network maturity into a single measure for each concentration, and then generate EC50 values. For all parameters, both PBDE-47
and DEHP resulted in EC50 values below those that caused cytotoxicity.
These results indicate that DEHP and some BFRs disrupt development of
neural networks in vitro, while other classes of FRs do not. (This abstract
does not represent US EPA policy).

1412 Defining Toxicological Tipping Points with

Microelectrode Array Recordings of Developing
Neural Networks

C. L. Frank, J. P. Brown, K. Wallace, W. R. Mundy, I. Shah, and T. J.
Shafer. US EPA, Durham, NC.
Current guideline studies for developmental neurotoxicology (DNT)
hazard are resource and time intensive, and therefore have only been
conducted for a limited set of compounds. The EPA is developing more
efficient methods to screen and prioritize the thousands of chemicals
with undefined DNT hazard. Recognizing the major end product of neurodevelopment is connected neural networks capable of complex communication, we have developed an assay for network function based
on microelectrode array recordings of developing cortical neuron networks. By 12 days in vitro, isolated rat cortical neurons establish mature
networks, enabling examination of chemical effects on network formation and maintenance across this timeframe. We exposed developing
networks to a library of 70 compounds across a range of concentrations
(typically 0.03 - 30 µM) and measured 16 different network parameters
for 4 timepoints. We developed two complimentary methods to quantify compound potency in producing adverse network effects. First, an
area-under-the-curve metric applied to network parameters over time
simplified concentration-response modeling while capturing developmental delay effects, and allowed for estimation of concentration where
50% of network activity is lost (IC50) for each parameter. Second, to integrate network parameters and model network adaptive response to
exposure, we calculated the total scalar perturbation at each timepoint.
This allowed for estimation of system velocities indicating whether a
given concentration causes network failure or allows for recovery. For
example, exposure to 1 µm haloperidol permitted system recovery by
day 12, but concentrations of 3 µM and above did not. Critical concentrations (i.e. “tipping points”) that mark the point at which toxicity begins
to overwhelm the system were defined from the system velocities of 35
compounds. Comparison of these network formation tipping points to
network and cell viability IC50 estimates suggested tipping points are
often more sensitive than individual network parameters and identify
selective effects prior to cell death. Together, these data fill a critical gap
in current DNT hazard screening approaches by prioritizing disruptors
of neural network development with a scalable assay. (This abstract does
not represent US EPA policy).

1413 Loperamide Inhibits the Spontaneous Activity of
Neural Networks

I. Curry-Chisolm1, K. Wallace3, C. Mack2, and T. Shafer2. 1North
Carolina Central University, Durham, NC; 2US EPA, Durham, NC;
and 3US EPA, Research Triangle Park, NC.
Loperamide (LOP) is a widely used over-the-counter antidiarrheal that
binds to the µ-opioid receptors in the gastrointestinal tract, halting
peristaltic contractions. At therapeutic concentrations, the blood-brain
barrier (BBB) actively transports LOP out of the central nervous system
(CNS). Thus, the CNS effects of LOP have not been widely studied.
Recently, in vitro studies demonstrated that exposure to LOP from day in
vitro (DIV) 0-12 altered neural networks development on microelectrode
arrays (MEAs), where no (BBB) is present. The present experiment used
primary rat cortical neurons cultured at a density of 150k cells/well on
48-well, multi-well MEA plates to test the hypothesis that LOP has acute
effects on network function in vitro. MEAs allow extracellular recording
of electrical activity from multiple sites in electrically active tissues in
vitro. Cortical cultures expressed stable spontaneous network activity
by DIV 12 in the form of spikes and bursts. On DIV 15 or 22, spontaneous
activity was recorded for 40 min before treatment to establish a baseline, and then recorded after LOP treatment (0.030-30µM) for 40 min for
comparison. The acute effects of LOP were measured by analyzing mean
firing rate (MFR), active electrodes (#AE), and cell viability. Lactase dehydrogenase (LDH) release and metabolic activity via a Cell Titer blue assay
were used to measure cell viability. MFR was increased by 34.4% at 0.03
µM, but decreased in a concentration-dependent manner at 0.1-30µM.
The #AE was unchanged at 0.03µM but decreased from an average of 15
to 0 #AE at 1.0-30µM. LOP did not alter cell viability as measured by LDH
release, but decreased viability by 20.2% in the Cell Titer blue assay only
at 30µM. These results confirm that LOP has acute effects on network
function in vitro. This action may have contributed to LOP’s alteration of
network formation and may indicate increased risk of CNS effects in vivo
if the BBB is compromised. (This abstract does not reflect US EPA policy).

1414 Nerve-on-a-Chip for Screening ChemotherapyInduced Peripheral Neuropathy

L.
L. Pace1, A. Sivakumar2, and M. J. Moore2,1,. 1AxoSim,
New Orleans, LA; and 2Tulane University, New Orleans, LA.

1415 Hazard Characterization of Illicit Drugs and

New Psychoactive Substances (NPS) Using
Microelectrode Array Recordings and a
Novel Fluorescence-Based Neurotransmitter
Transporter Assay

A. Zwartsen2,1,, A. H. Verboven2, S. Drega2, S. Schmeink2, G.
van Kleef2, F. M. Wijnolts2, A. de Groot2, L. Hondebrink1, and
R. H. Westerink2. 1University Medical Center Utrecht, Utrecht,
Netherlands; and 2Utrecht University, Utrecht, Netherlands.
The number of available recreational drugs is continuously increasing.
In the last decade over 600 new psychoactive substances (NPS) have
entered the drug market. However, the modes of action of NPS and the
associated health risks are hardly known. Therefore, the current research
aims at revealing the modes of action and potency at different neuronal
endpoints of various illicit drugs and NPS by combining different experimental in vitro approaches. Many Illicit drugs increase brain dopamine
(DA), norepinephrine (NE) and serotonin (5-HT) levels by blocking or
reversing the neurotransmitter reuptake transporters DAT, NET and
SERT. We thus first compared the potency of illicit drugs (amphetamine
and MDMA) and NPS (4-fluoroamphetamine (4-FA) and methoxetamine
(MXE)) to inhibit human DAT, NET and SERT, expressed in HEK-293 cells,
using a novel high-throughput and fluorescence-based assay. We show
that amphetamine, MDMA and 4-FA predominantly inhibit NET (IC50
1-5 µM), whereas MXE predominantly inhibits SERT (IC50 ~2 µM). Next,
we used rat cortical cultures grown on multi-well microelectrode arrays
(mwMEAs) to measure changes in neuronal activity following drug exposure. Our data demonstrate that stimulants like amphetamine, MDMA
and 4-FA inhibit neuronal activity with comparable potency (IC50 ~100
µM), whereas MXE inhibits neuronal activity much more potently (IC50
~0.5 µM). Our combined data demonstrate the applicability of in vitro
screening assays to derive neuropharmacological profiles of the large
number of emerging NPS. Considering the differences in potency for
inhibiting neuronal activity compared to neurotransmitter transporters,
our data suggest that neurotransmitter transporter inhibition is a more
relevant mode of action for amphetamine, MDMA, and 4-FA. For MXE,
however, inhibition of neuronal activity is a more sensitive endpoint,
illustrating the need for an in vitro screening battery that covers multiple
modes of action.

Curley1,

1416 Role of Estrogenic Endocrine Disruptors

(EEDs) Gene-Interactions Associated with
Both Estrogen Signaling and NRF1 Signaling
Pathways in Alzheimer’s Disease (AD)

M. V. Preciados, D. Roy, and C. Yoo. Florida International
University, Miami, FL.
Associations between gender specific estrogen levels and brain functions-related health challenges, such as cognition, depression, neurodegenerative diseases neurodevelopment disorders demonstrate the
importance of estrogens in brain health. Physiologic and pharmacologic
forms of estrogen and EEDs affect brain health, and the molecular mechanisms underlying brain health effects of EEDs remain unclear. How
circulating EDECs interact with neural and/or circulatory estrogens in
the control of brain structure and function remains to be understood.
Recent studies suggest that NRF1 is a potential important player in AD.
Many genes modified by EEDs are common targets of both endogenous
estrogen - 17 beta estradiol (E2) and NRF1 and some of these genes
are involved with the specified brain diseases. Therefore, we used the
Comparative Toxicogenomics Database (CTD) based on curated information about chemical-gene/protein interactions, chemical-disease
and gene-disease relationships, to analyze the gene-EDC interactions
associated with both estrogen signaling and NRF1 signaling pathways,
and AD. EDCs-modified estrogen signaling and NRF1 signaling genes
with exposure to natural estrogen, pharmacological estrogen-ethinyl
estradiol (EE), PCBs, phthalate, and BPA are presented here. The search
of enriched pathways showed that top 10 E2 interacting genes in AD:
APOE, APP, ATP5A1, CALM1, CASP3, GSK3B, IL1B, MAPT, PSEN2 and
TNF underlie the enrichment of the KEGG Alzheimer’s disease pathway.
With AD, the six E2-responsive genes are NRF1 target genes: APBB2,
DPYSL2, EIF2S1, ENO1, MAPT, and PAXIP1. These genes are also responsive to other EEDs. To validate findings from CTD curated data, we used
Bayesian network (BN) analysis on microarray data of 79 subjects of male
(15 AD patients, 17 control) and female (17 AD patients, 30 controls)
from GEO database. We observed that both gender and NRF1 were
associated with AD. The female NRF1 gene network is completely different from male human AD patients. AD-associated NRF1 regulatable
genes -APLP1, APP, GRIN1, GRIN2B, MAPT, PSEN2, PEN2, IDE are also
regulated by E2. These NRF-1 regulatable genes alone, or in concert with
others, may contribute to the sex-dependent differences in the brain
NRF1 network and the molecular mechanisms of brain health disorders
in response to exposure to EEDs.
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Statement of Purpose: Use of 3D cultures and microscale engineered
tissues as benchtop models for drug screening during preclinical development has rapidly been gaining ground, with the hope of curbing
attrition rates and rising costs. The ability to quantify organ-specific outcomes in vitro has been exploited successfully for epithelial and metabolic tissues, where metabolites and other soluble analytes constitute
the measurable read-outs. For peripheral neural tissue, where bioelectrical conduction over long distances may be the most physiological
read-out, application of benchtop models has lagged. We developed an
innovative microphysiological model by culturing dorsal root ganglia
(DRG) in 3D hydrogel constructs with axon growth analogous to peripheral nerve anatomy. The ability to record population field potentials
resulting from compound action potentials (cAPs), suggests a potentially more sensitive metric of toxicity. Our objective was to demonstrate
the use of cAP waveform as a measure of peripheral neurotoxicity in
vitro by applying chemotherapeutic drugs with known peripheral neurotoxicity Results: Field potential recordings show population responses
with consistent delay, amplitude, and envelope under baseline conditions with stimulation. Application of PTX resulted primarily in a
decrease of AP amplitude due to axonal degeneration and damage at
the DRG soma. A decrease in AP amplitude was also seen with oxaliplatin exposure, correlated to sensory axon damage and increased
oxidative stress. Treatment with vincristine caused a decrease in nerve
conduction velocity (NCV), associated with changes in myelin thickness
and axonal swelling. Lastly, introduction of bortezomib caused decrease
in AP amplitude and increase in NCV due to a reduction in large-fibers. Distinct changes in the cAP waveform, primarily manifesting in
alteration of AP and NCV, correlated to structural changes commonly
reported in the literature. This suggests functional pathophysiological
signatures similar to those seen clinically, with further analysis and correlation still ongoing. Conclusions: Our data suggest that changes in cAP
readouts and histomorphometry due to chemotherapy exposure track
closely with reported pathologies. Results demonstrate the feasibility
of developing benchtop physiological models with clinically analogous
outcomes for drug screening.

1417 Dysregulation of Circadian Clock Genes in LPS

Plus Rotenone-Induced Parkinson’s Disease Rat
Model
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1419 The Synergistic Effect of Paraquat and Iron on

the Mitochondrial Functions, the Risk Factor in
Sporadic Parkinson’s Disease

H. Li, C. Huang, Y. Wang, F. Zhang, and J. Liu. Zunyi Medical
College, Zunyi, China.

E. Adamova, H. S. Smallwood, L. Bezavada, and B. C. Jones. The
University of Tennessee Health Science Center, Memphis, TN.

Background: Parkinson’s Disease (PD) is a common neurodegenerative
disorder characterized by motor dysfunction. However, nonmotor symptoms in PD also markedly impair the quality of life. Several non-motor
symptoms, such as sleep disturbances and depression, are suggested to
be implicated in the alteration in circadian clock function. In this study,
we investigated circadian disruption in PD rats induced by lipopolysaccharide (LPS) and rotenone. Materials and Methods: Male SD rats (180g)
were injected LPS (5 mg/kg, ip x 1) to produce chronic, low-grade neuroinflammation. Approximately 200 days after LPS, low dose of rotenone (0.5 mg/kg, sc) was administered 5 times per week for 20 times.
Behavioral tests (rotarod, open field, elevated maze) were performed
15 days after rotenone administration to evaluate the non-motor and
motor related behavioral changes. Ten days after the last rotenone dose,
brain regions (cortex, hippocampus, and midbrain) were collected for
analysis. The expression of circadian clock genes and proteins was examined via RT-qPCR and Western blot. Results: Chronic LPS plus rotenone
challenge produced PD like symptoms including reduced motor activity
(rotarod), loss of dopamine neurons in substantia nigra (THr staining),
increased neuroinflammation (Iba1 staining), and reduced mitochondria complex-1 activity. For non-motor circadian rhythms, the expression of clock core gene brain and muscle Arnt-like protein 1 (Bmal1),
locomotor output cycles kaput (Clock), neuronal PAS domain protein 2
(Npas2) were decreased in the LPS group, rotenone group and LPS plus
rotenone group. Especially in the LPS + rotenone group, the expression
of Bmal1, Clock, Npas2 dropped 60%. Circadian feedback control genes
Periods (Per1, Per2) were also decreased. The clock target genes nuclear
receptor Rev-Erbα (Nr1d1), and D-box-binding protein (Dbp) were also
decreased, although to a lesser extent. Consistent with the transcript
levels, circadian clock protein BMAL1, DBP expressed a downward trend
in the LPS plus rotenone group. Conclusion: the expression of circadian clock genes and proteins was decreased in Parkinson’s Disease of
Sprague-Dawley rats induced by LPS plus rotenone, implying circadian
disruption could contribute to PD symptoms.

Parkinson’s Disease (PD) is a progressive disorder of the nervous system
caused by the loss of dopaminergic neurons in substantia nigra pars
compacta. Around 90 % of PD occurs sporadically. Paraquat (PQ), the
herbicide, is suspected to contribute to the development of sporadic PD;
However, the mechanism of PQ toxicity on dopaminergic neurons has
not been clarified yet. Also, some individual genetic differences in PQ
neurotoxicity have been observed. Different mouse strains differ in PQ
responses (Yin et al., 2011). The synergistic effect of PQ and iron on neurotoxicity has been previously confirmed in vitro (Peng et al., 2007) and
in vivo (Yin et al., 2011). Iron elevation in the substantia nigra and oxidative stress can lead to the neurodegeneration of dopaminergic neurons
(Peng et al., 2007). It has been confirmed that PQ slows the mitochondrial oxygen consumption of N27 cells (Dranka et al., 2012), but there are
no data showing the synergistic effect of PQ and iron on the mitochondrial function. Different concentrations of PQ and iron were tested with
N27 cells as an experimental model. The viability/cytotoxicity was tested
using calcein AM/ethidium homodimer-I. The effect of PQ and iron on
mitochondrial functions was measured by a Seahorse XFe96 analyzer
using the modulators of respiration that target components of electron
transport chain in mitochondria. The data were normalized to CyQUANT
proliferation assay. The inhibition of the oxygen consumption rate (OCR)
was observed after the iron treatment compared to the negative control.
The OCR decreased even more after the PQ treatment compared to the
iron treatment. Furthermore we observed a greater significant decrease
of the OCR and spare respiratory capacity after the combination of PQ
and iron treatment compared to the iron and PQ treatment alone. These
results indicate the loss of mitochondrial function of N27 cells and the
decreased cells’ ability to respond to an energetic demand due to the
synergistic effect of PQ and iron. Our future work will be focused on
the different mouse strains, PQ and iron toxicity. (Dranka, B. P. et al. J.
Neurochem. 2012; 122, 941-951. Peng, J. et al. J. Neurosci. 2007; 27, 69146922. Yin, L. N. et al. Neurotoxicol. Teratol. 2011; 33, 415-421).

1418 Differential Response in Mitochondrial Potential
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to Complex I Inhibitors Rotenone and MPTP

K. Pershinske2, I. Areiza3, A. Gagliardi1, and F. Cardozo-Pelaez3.
1Colorado College, Colorado Springs, CO; 2Northern Michigan
University, Marquette, MI; and 3The University of Montana,
Missoula, MT.
Parkinson’s Disease is a motor deficit that develops as a consequence
of the progressive loss dopaminergic (DA) neurons from the substantia
nigra. Additional to the DA loss, PD is marked by formation protein
aggregations of α-synuclein in the surviving DA neurons. Given that the
origin of the disease is unknown and most treatments are aimed to alleviate the symptoms without tackling the underlying neuronal loss, there
is a need to understand the neurodegenerative process to develop
better therapeutics and/or neuroprotective strategies. Most models of
PD relay in the ability of toxicological compounds that inhibit mitochondrial complex I and cause DA neuronal loss. Two chemicals, rotenone
and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) have been
extensively used to mimic the DA loss and to generate other histopathological hallmarks of PD. Rotenone is a natural occurring chemical from
the roots of several plant species and used as a natural pesticide; while,
MPTP is a synthetic drug. The use of both toxicological agents in cellular
and animal models has become a major component in the assessments
of most neuroprotective and neuroregenerative approaches; the underlying hypothesis is that both produce similar physiological changes
leading to neuronal death. Since the core effect of both toxins impacts
mitochondrial function, we aimed to test the response in mitochondrial
membrane potential in undifferentiated (UN) and differentiated (DI)
SH-SY5Y cells after exposure to non-lethal levels of MPP+ or Rotenone.
Our results, using TMRE and JC-1, indicate that exposure to MPP+ leads
to a loss of mitochondrial potential; while rotenone exposure leads to an
increase in mitochondrial membrane potential. Additionally, rotenone
and MPP+ differentially impacted the activity of the enzyme superoxide
dismutase. These non-concordat effects indicate that the mechanism
linked to the effects of rotenone and MPP+ is not uniform despite
the ultimate effect in DA neurons. Elucidating the differential cellular
changes with these toxicological agents may significantly impact our
current understanding of DA neuronal loss and susceptibility in PD.

1420 Comparative Dopaminergic Neurotoxicity

of Heterocyclic Amines in Primary Midbrain
Cultures

A. A. Cruz-Hernandez, Z. S. Agim, P. Montenegro, J.-C. Rochet, and
J. R. Cannon. Purdue University, West Lafayette, IN.
There are >20 known heterocyclic amines (HCAs) that are components
of the diet. HCAs are primarily formed during high-temperature meat
cooking. HCAs have been primarily investigated as mutagens. However,
emerging data suggests they may be neurotoxic. For example, our lab
has found that the most abundant HCA, 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) is selectively neurotoxic to dopaminergic
(DA) neurons in rat primary midbrain neuronal cell culture. The aim of
this study is to determine the toxicity of additional prominent dietary
HCAs. We tested the following dietary HCAs that represented multiple
HCA subclasses (imidazoazaarenes and ß-carbolines): 3-methyl-3H-imidazo[4,5-f]quinolin-2-amine (IQ), 2-Amino-3,8-dimethylimidazo[4,5-f]
quinoxaline (MeIQx), 2-Amino-3,4-dimethyl-3H-imidazo[4,5-f]quinolone
(MeIQ), 3,4,8-trimethylimidazo[4,5-f]quinoxalin-2-amine (4-8 DiMeIQx),
and 2-Amino-9H-pyrido[2,3-b]indole (A alpha C). Primary midbrain neuronal cultures were prepared using E17 rat embryos. This system was
used to test DA neurotoxicity at a range of HCA doses (100nM - 5µM).
Cells were stained for tyrosine hydroxylase (TH, marker for DA neurons)
and microtubule-associated protein (MAP2, pan-neuronal). Viability was
assessed by counting MAP2- and TH-immunoreactive primary neurons
in a blinded manner. One-way ANOVA with Dunnett’s post-hoc test was
used for statistical analysis. A statistically significant decrease in the percentage of DA neurons emerged (lowest dose where selective toxicity
was detected) at the following concentrations: MeIQ ≥ 200 nM (n=6); A
alpha C ≥ 200 nM (n=6); PhIP ≥1 µM (n = 3); harman ≥1µM (n = 6); and
IQ ≥ 5µM (n = 6). 4-8DiMeIQx, norharman and MeIQx did not produce
statistically significant toxicity up to 5 µM. Thus, our data shows that
multiple HCAs produce selective DA neuron toxicity in primary midbrain
culture and that compounds from multiple HCA subclasses were able
to produce such neurotoxicity. Further, the dose required to induce
detectable cell loss varies by HCA, with MeIQ and A alpha C being the
most potent HCAs tested. Mechanistic studies are underway to determine how structural differences influence mechanisms of HCA-induced
neurotoxicity and to learn more on how HCA exposure may possibly be
important in PD.

during Parkinson’s Disease

J. Wise, and J. R. Cannon. Purdue University, West Lafayette, IN.
Fragmentation of the Golgi body is an event observed in many neurodegenerative diseases including Alzheimer’s, ALS, and Parkinson’s
Diseases (PD). This event is observed early in disease pathogenesis,
typically occurring prior to formation of protein aggregates; yet the
mechanisms and purposes of Golgi fragmentation are largely unknown.
Optineurin (OPTN) is genetically linked to ALS and glaucoma, and is
known to have numerous cellular functions including maintenance of
Golgi structure; depletion or overexpression both induce Golgi fragmentation. Given that PD patients have an elevated risk of developing
glaucoma and the OPTNM98K variant was reported to increase risk of
developing PD, we predict OPTN has an important role in PD pathogenesis. We previously demonstrated OPTN expression and colocalization
in dopaminergic neurons of the substantia nigra. OPTN colocalization
with LC3 and α-synuclein increases in rotenone rat models of PD, prior
to cell loss; these data indicated increased OPTN expression modulation
may be related PD pathogenesis. Given these data and OPTN’s known
roles in Golgi structure maintenance, we hypothesized OPTN served a
role in Golgi fragmentation. Here, through immunofluorescence and
confocal microscopy, we show the presence of Golgi fragmentation in
different stages of an in vivo rotenone model of PD. Further, the Golgi
fragments colocalized with OPTN. While fragmentation appears to be
present in all stages of our model, colocalization of OPTN to Golgi fragments diminishes in end-stage models, likely around the time of neurotoxicant-induced cell death. Future work will consider OPTN’s role in the
relationship between Golgi fragmentation and autophagic dysfunction
and whether these pathways may serve as therapeutic targets.

1422 Fyn Kinase Inhibition Attenuates Motor and

Nonmotor Symptoms, Neurodegeneration, and
Neuroinflammation in Preclinical Models of
Parkinson’s Disease

M. R. Langley, S. Sarkar, E. Malovic, N. Panicker, S. Ghaisas, H.
Saminathan, A. Abdallah, H. Jin, V. Anantharam, A. Kanthasamy,
and A. G. Kanthasamy. Iowa State University, Ames, IA.
Parkinson’s Disease (PD) is a neurodegenerative disorder caused by
a complex interaction of environmental and genetic factors that ultimately converge on common mechanisms including mitochondrial
dysfunction and neuroinflammation. Recently, our group showed that
Fyn, a non-receptor tyrosine kinase, plays an essential role in mediating
microglial activation in cell culture and animal models of PD. In the
present study, we evaluated the neuroprotective potential of genetic
and pharmacological suppression of Fyn in PD models. First, we found
that treatment with the Fyn/Src family pharmacological inhibitor
Saracatinib (STB) significantly reduced aggregated alpha-synuclein-induced pro-inflammatory cytokines and nitrite production in primary
microglia. We then extended our studies to MitoPark mice, a transgenic model of PD that recapitulates key pathological features of PD
including progressive motor deficits, mitochondrial dysfunction, neurodegeneration, and protein aggregation. MitoPark mice were administered vehicle or STB (25 mg/kg, p.o.) every other day from 8-16 weeks
of age. Neurobehavioral analyses revealed that STB treatment reverses
the progressive loss of motor function in MitoPark mice. We previously
showed that MitoPark mice exhibit several clinically relevant non-motor
symptoms including olfactory dysfunction, cognitive deficits, and neuropsychological problems. The forced swim test showed that STB treatment attenuates depressive behavior in MitoPark mice. Importantly,
STB also significantly reduced striatal dopamine loss in MitoPark mice.
Next, we characterized the neuroprotective role of Fyn deficiency in the
MPTP model of PD. Fyn -/- (KO) and wild-type (WT) mice were treated
for 5 days with saline or MPTP (25 mg/kg, i.p.) and sacrificed one week
later. MPTP-treated Fyn KO mice exhibited significant improvements
in locomotor activity and coordination when compared to WT MPTP
mice. MPTP-induced dopamine depletion and nigral dopaminergic neuronal degeneration were significantly attenuated in Fyn KO mice when
compared to WT mice. Overall, these novel findings implicate Fyn inhibition as a promising therapeutic strategy for PD. (NIH grants NS88206
and NS74443)

1423 Mechanisms of PhIP-Induced Dopaminergic
Neurotoxicity in Primary Midbrain Cultures

Z. S. Agim, A. Jacquet, J. C. Rochet, and J. R. Cannon. Purdue
University, West Lafayette, IN.
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) is a heterocyclic amine produced during high temperature cooking of meat products, classified as a group 2B carcinogen and primarily investigated as
a mutagen. We recently showed that PhIP is selectively neurotoxic to
dopamine (DA) neurons in primary neuronal cell culture. This culture
system offers an excellent opportunity to preliminarily test neurotoxicity
and identify important mechanisms of action that may be important
in Parkinson’s Disease (PD). Here, E17 primary midbrain neuronal cultures containing DA and non-DA neurons, and glial cells were used to
test mechanisms of neurotoxicity of PhIP. A neuronal cell line (SH-SY5Y)
was also utilized for some mechanistic studies. Whether PhIP induced
antioxidant-response activation, proteasome inhibition or DNA damage
was evaluated. Further, whether PhIP exerts neurotoxicity through interactions with cytosolic dopamine was also investigated. Anti-oxidant
response element activation and proteasome inhibition were examined
using eGFP or GFPu reporter systems, respectively. Further, effects of
free cytosolic DA amount on PhIP-induced toxicity were assessed using
nontoxic dose of VMAT2 inhibitor, reserpine, and subtoxic dose of PhIP.
Our data showed that PhIP treatment at doses up to 10 μM, did not
induce Nrf2 activation in primary midbrain cultures. Preliminary data
suggests that proteasome inhibition may be important, however, PhIPinduced effects failed to reach statistical significance. A nontoxic dose of
PhIP (200 nM) induced DA toxicity in primary cultures when co-treated
with reserpine. Increasing evidence in the literature suggests that there
is a strong association between environmental factors and PD. Here, we
examined potential mechanisms of PhIP neurotoxicity. Nrf2 activation
and proteasome inhibition did not seem to be important in mediating
toxicity. However, VMAT inhibition, a strategy to increase free unpackaged DA, increased neurotoxicity. Unpackaged DA has been repeatedly
shown to be important in DA cell death. Thus, this mechanism should be
further investigated as a key mechanism of heterocyclic amine-induced
neurotoxicity. DNA damage and mitochondrial dysfunction will be
investigated further in relation with PhIP dopaminergic neurotoxicity.

1424 Dopamine-Mediated Behaviors in the Nematode
Caenorhabditis elegans

L. L. Smith. Duke University, Durham, NC.
Dopaminergic neurodegeneration causes several human diseases. The
most common of these is Parkinson’s Disease (PD), which is characterized by the loss of dopaminergic neurons and decreased control of
motor function. Only ~10% of PD cases can be attributed to genetics.
The cause of the remaining cases remains largely unknown, but environmental toxicants have been hypothesized to play a role. Previous
research using the nematode Caenorhabditis elegans has confirmed that
environmentally relevant toxicants have the ability to induce degeneration of dopamine neurons. These findings have led to speculation
that these toxicants may also have the ability to induce behavioral
abnormalities. For this study, a battery of behavioral assays has been
developed for use in identifying compounds that have an impact on the
dopaminergic system. Included assays are centered on locomotion and
reproductive function of C. elegans. Area exploration, used as a proxy for
the dopamine-mediated basal slowing rate, has been the central assay
developed for use in this study. It has already been useful in showing
that ultraviolet C radiation, which we previously found caused dopaminergic degeneration, can induce changes in locomotion. An indirect
assay for detecting egg-laying differences has also been explored; pronounced differences in reproductive function between N2 (wild-type
strain) and cat-2 (mutant strains deficient in dopamine production)
nematodes were identified using this method. Moving forward, these
area exploration and egg-laying assays will be used to evaluate the
effects that environmental compounds, such as pesticides, can have on
the dopaminergic system. Future additions to this series of behavioral
assays include odor avoidance/attraction and swimming rates.
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1421 The Role of Optineurin in Golgi Fragmentation

1425 Identification of Novel Genes and Epigenetic

Mechanisms in C. elegans Models of Parkinson’s
Disease

J. Dobbs2, J. Trinidad1, and R. M. Nass2. 1Indiana University,
Bloomington, IN; and 2Indiana University, Indianapolis, IN.
Background: Parkinson’s Disease (PD) is the second most prevalent neurodegenerative disorder, and is characterized by the selective loss of
DA neurons in the substantia nigra. Sirtuins are members of the histone
deacetylase family of proteins that play a role in a variety of cellular
functions including cell cycle regulation and promotion of longevity.
Although the vast majority of vertebrate studies suggest that the activation of sirtuins contributes to cell viability and is neuroprotective,
recent studies indicate that respect to PD and Alzheimer’s disease, suppression of sirtuins may inhibit the neurodegeneration. The molecular
basis of sirtuin-associated neurodegeneration is largely unknown. Aims/
Objectives: In this study we asked what are the genes, molecular pathways, and mechanism involved in sirtuin-associated neuroprotection.
Methods: We utilized reverse genetics, biochemical assays, immunofluorescence, transgenic C. elegans, RT-PCR, Western analysis, ICP-MS,
LC-MS and neuronal morphology analysis to characterize expression,
localization and the role that sirtuin and post-translational modifications play in PD-associated neuronal death. Results: In this study we
demonstrate that a sirtuin mutation inhibits DA neuron vulnerability
to PD associated neurotoxicants up to 15-fold more relative to WT. We
show that the sirtuin is expressed in DA neurons, and overexpression
results in a 2-fold increase DA neuron vulnerability. We also show that
the sirtuin and other proteins identified utilizing a whole genome RNAi
screen, Western analysis, and LC-MS affects DA neuron vulnerability.
Conclusions: This study identifies novel genes and molecular pathways
involved in PD-associated DA neuron vulnerability.

1426 Exploring the Metabolome of a Yeast Model for
Parkinson’s Disease

K. J. Goldston1, R. Chosed2, and A. F. Boroujerdi1. 1Claflin University,
Orangeburg, SC; and 2Furman University, Greenville, SC. Sponsor:
D. A. Baines.
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Saccharomyces cerevisiae, also known as budding yeast is widely known
among the food and beverage industries, as well as the production
of fuel, where this organism has made its mark. Yeast is a eukaryotic
model organism that can be used to study human diseases such as
cancer and Parkinson’s Disease (PD). Aggregates of the protein alpha-synuclein (α-syn) are observed in the dopaminergic neurons from postmortem brains from some patients who had PD. Yeast do not harbor
the α-syn gene within their genome, however a yeast model for PD was
constructed by Lindquist at MIT whereby the human α-syn gene was
inserted into the yeast genome. The α-syn gene in the yeast is under the
control of a galactose inducible promoter. Upon galactose induction
the yeast express large amounts of the α-syn protein, which leads to
aggregation of the protein in the yeast and a PD-like phenotype. To
determine if overexpression of the α-syn gene in yeast leads to changes
in the yeast metabolome, six PD model yeast cultures were grown in
glucose (control group) and then six cultures were subjected to a four
hour galactose induction (experimental group). To identify potential
metabolites responsible for PD, the samples were subjected to Nuclear
Magnetic Resonance Spectroscopy (NMR). NMR based metabolic profiles were compared using Principal Component Analysis (PCA). The
results indicated significant differences between the metabolism of the
yeast with and without over-expression of human α-syn. These differences are attributed to changing concentrations of trehalose, amino
acids including leucine, isoleucine, threonine and valine, and other
metabolites. Upon comparisons to the literature, new insights on the
cellular processes of yeast are forth coming. For example, trehalose, a
metabolite of interest, may protect neural cells against the aggregation
of excess wild-type, or mutant α-syn protein and other environmental
stressors in alpha-synucleopathic linked diseases.

1427 Analysis of Dopaminergic Neuronal Activity

Relevant to Parkinson’s Disease with Kinetic
Image Cytometry

J. Price, P. McDonough, R. Basa, and W. Lassoued. Vala Sciences,
Inc., San Diego, CA.
Parkinson’s Disease (PD) occurs is characterized by a loss of dopaminergic neurons in the Substantia Nigra, an area of the brain involved
in motor control. Certain environmental toxins (e.g., paraquat, rotenone) increase the risk of PD. Additionally, evidence links the protein
alpha-synuclein (α-Syn) to PD, including the presence of α-Syn in Lewy
bodies, the neurotoxicity of “prion-like” α-Syn aggregates, and the pre-

disposition to early-onset PD in carriers of the α-Syn-A53T mutation.
Our goal is to develop an assay to test chemicals for PD-relevant neurotoxicity. Accordingly, we utilized dopaminergic neurons derived from a
pair of isogenic human induced pluripotent stem cell lines from Cellular
Dynamics, in which the A53T mutation of α-Syn was introduced into
iPSCs from a normal donor. The neurons were seeded in 96-well or 384well plates and loaded with fluorescent indicators for either intracellular calcium (Fluo-4), or membrane voltage. Digital movie clips were
recorded from the cells with an automated digital microscopy workstation (the Kinetic Image Cytometer, KIC). When tested in this manner,
the dopaminergic neurons harboring the A53T mutation exhibited a
greater degree of synchronized spontaneous calcium and voltage transients vs. the wild-type neurons. Furthermore, rotenone diminished the
synchronized activity in a time (e.g., effect at 2 days > overnight > 2 hr)
and dose-dependent (effect at 1 µM > 0.1 µM) fashion, in the A53T-α-Syn
neurons, suggesting this mutation increase the sensitivity of the neurons
to rotenone-toxicity. We additionally tested dopaminergic neurons differentiated from iPSC cells from a Parkinson’s patient with the α-SynA53T mutation, as well as the corresponding “corrected” isogenic line;
consistent with the previous results, neurons harboring the α-Syn-A53T
mutation exhibited a greater degree of spontaneous voltage activity vs.
the corrected line. The assay enables high-throughput testing of compounds for toxic or beneficial effects, relevant to PD.

1428 Neuroprotective Efficacy and Safety of

Resveratrol and Rapamycin in a Rat Model of
Parkinson’s Disease

S. Smith, I. Ruiz, S. Nguyen, J. Leong, N. Amitai, and V.
Naageshwaran. Absorption Systems Inc, San Diego, CA. Sponsor: L.
Manza.
Purpose: Parkinson’s Disease (PD) is a chronic and progressive neurodegenerative disorder affecting over 10 million people worldwide.
Treatment options so far are limited to symptomatic management,
with no proven disease-modifying therapy available. High-quality
animal models are crucial to characterize the mechanisms underlying
this disorder and identify safe and effective new therapies. We set out
to optimize a rodent model for PD combining dopaminergic lesion via
6-hydroxydopamine (6-OHDA) with behavioral, biochemical, and histological readouts to sensitively detect ameliorative effects and possible
side effects of potential PD treatments. Methods: Unilateral dopaminergic depletion of the nigrostriatal pathway in rats was achieved by
infusion of 6-OHDA into the medial forebrain bundle (MFB) in one hemisphere. Animals were pre-treated with the mTOR inhibitor rapamycin
prior to 6-OHDA lesion or treated daily with resveratrol starting immediately after lesion. Animals were assessed weekly for PD-like motor
abnormalities using rotational asymmetry screening and the adjusting
steps test. After sacrifice, tyrosine hydroxylase (TH) activity was assessed
via immunohistochemistry (IHC), and levels of dopamine and 3,4-dihydroxyphenylacetic acid (DOPAC) in multiple brain regions were determined by HPLC analysis. Representative brains were collected along
with major organs for histopathological evaluation. Results: After
6-OHDA lesion of the MFB, animals exhibited increased ipsilateral circling after D-amphetamine challenge and fewer adjusting steps, along
with decreased TH staining and reductions in dopamine and DOPAC
in structures of the nigrostriatal pathway. Rapamycin pretreatment
and resveratrol treatment ameliorated the behavioral and biochemical
deficits induced by 6-OHDA lesioning. Histological analysis is ongoing
to determine any putative side effects from the use of these drugs.
Conclusions: Our results confirm the neuroprotective properties of rapamycin and resveratrol, and support a possible utility of these agents in
the treatment of PD. Additional trials using our screening model should
be performed to determine the optimal dosage and frequency to maximize effectiveness with minimal side effects. Our model offers a valuable
tool to evaluate the efficacy and safety of potential novel PD therapies.

1429 Air Pollution and Neurodegenerative Disease:

Mechanisms of Toxicity Linking Diesel Exhaust
and Parkinson’s Disease

L. Barnhill, S. Khuansuwan, J. Araujo, and J. Bronstein. University of
California Los Angeles, Los Angeles, CA.
Parkinson’s Disease (PD) is the second most common neurodegenerative
disorder and is characterized by the loss of dopaminergic neurons in the
substantia nigra. The pathological hallmark of PD is the accumulation of
insoluble aggregates called Lewy bodies which contain the protein alpha
synuclein (aSyn). Because the vast majority of PD cannot be attributed to
genetics alone, there is significant interest in environmental modifiers
of disease risk. Epidemiological evidence is highlighting an association
between long-term exposure to air pollutants and PD risk. This project
explores the mechanisms of toxicity that may link exposure to air pol-

1430 The Protective Effect of Fumaric Acid on Nigra
and Striatal Degeneration

E. Witherspoon1, and K. Shepherd2. 1Morehouse College, Atlanta,
GA; and 2Morehouse School of Medicine, Atlanta, GA.
Parkinson’s Disease (PD) is a neurodegenerative disorder, characterized by the loss of dopamine neurons in the substantia nigra (SN), with
subsequent depletion of dopamine (DA) in the striatum. Previously
the lab has demonstrated that the neurotoxin 1-methyl-4-phenyl-1, 2,
3-6-tetrahydropyridine (MPTP/MPP+) induces oxidative stress and loss
of DA neurons in the nigra neuron-glia co-cultures, similar to the loss
observed in PD. We hypothesized that fumaric acid protects neuronal
cell bodies to a higher degree than the processes/terminals area via differences in antioxidant enzyme activity profiles. In the present study,
we assessed the effects of FA on the activities of glutathione peroxidase, glutathione s-transferase, catalase, and super oxide dismutase.
In addition, we evaluated the effects of FA on ROS production, the
number of dopamine neurons, the number processes remaining on
dopamine neurons and the effects on mitochondrial function/cell viability. Using C57BL6 mouse pups at age P0-P1, we prepared primary
neuron-glia co-cultures from the substantia nigra (cell body region) as
well as from the striatum (dopamine terminal area). The cultures were
treated with 5µM MPP+ and/or 10µM FA. In the nigra cultures, 24hrs
after treatment, MPP+ increased reactive oxygen species (ROS) production by approximately 150%. In the MTT assay, MPP+ caused an approximately 44.2% reductions in MTT absorbance, suggesting mitochondrial/
cellular toxicity 72 hrs after exposure. MPP+ also reduced the number
of dopamine neurons by approximately 50%, 72 hrs after exposure.
The neurotoxic effects of MPP+ were significantly attenuated by prior
treatment with FA. Furthermore, fumaric acid was shown to increase
glutathione peroxidase activity by approximately 33% in nigra cultures.
In striatum (terminal area), FA showed a different enzyme activation
profile as compared to the cultures generated from the nigra regions.
Collectively, the findings suggest that FA prevents MPP+ induced neurotoxicity in the nigra region via increased activity of a wide range of antioxidant enzymes, whereas in the striatum cultures does not exert the
same range of antioxidant enzyme induction. The findings from these
studies may offer new insight and possibly present as a new therapeutic
strategy for targeting nigra and striatal regions in neurodegenerative
disorders such as PD.

scrapie prion protein. We first quantified prion seeding activity in the
presence or absence of various concentrations of Mn (10 μM - 10 mM)
administered to different cell densities of CAD5 neuronal cells harboring RML scrapie prions and uninfected CAD5 cells. We found that
Mn affects scrapie prion seeding activity in this in vitro seeding assay,
which shows a linear relationship with cell density when seeded with
prion infected cells but not for uninfected cells. We observed a similar
effect on prion seeding activity using Mn nanoparticles. Other metals
such as copper, zinc and nickel were not as effective as Mn in the in vitro
seeding activity of prions, supporting a specificity for Mn. Further analysis of Thioflavin T (ThT) fluorometric data revealed that amyloid formation and its average ThT fluorescence threshold were dependent on the
dose of Mn tested. To further demonstrate the biological implications
of our cell-based studies, we adapted a low-dose exposure paradigm to
an organotypic brain slice culture model of prion disease. Interestingly,
we found that the Mn-promoted seeding kinetics of scrapie prion in
slice cultures was similar to that observed in cell cultures. Collectively,
our study demonstrates that Mn can amplify template-driven prion
protein seeding activity to enhance the protein aggregation process,
and may have implications for the pathogenesis of other protein-misfolding diseases, including Parkinson’s Disease. (ES 19267, ES026892, ISU
Presidential Wildlife initiative)

1432 Manganese Exposure Impairs Endosomal and

Exosomal Recycling Machinery to Enhance the
Release of Misfolded α-Synuclein

D. Rokad1, D. S. Harischandra2, V. Lawana1, D. Luo1, H. Jin1, V.
Anantharam1, A. Kanthasamy1, and A. G. Kanthasamy1. 1Iowa
State University, Ames, IA; and 2University of Pennsylvania,
Philadelphia, PA.
Environmental exposure to excessive manganese (Mn) has been shown
to increase the risk for chronic neurological diseases like Parkinson’s
Disease (PD). The aggregation of α-synuclein (α-syn) is considered a
key pathophysiological feature of PD. Recently, it has been shown that
oligomeric α-syn can be released from neurons via exosomes, enabling
misfolded α-syn to propagate to neighboring cells. Our recent study
revealed that Mn exposure greatly increases the release of aggregated
α-syn-containing exosomes from dopaminergic neurons. However,
the cellular and molecular signaling mechanisms driving Mn-induced
exosome release remain unknown. Herein, we examined how Mn
modulates endosomal protein trafficking and α-syn degradation to
promote exosomal release. MN9D dopaminergic neuronal cells stably
expressing human wild-type α-syn were exposed to Mn (300 μM) for 24
h and expression of the key Rab GTPases involved in endosomal trafficking, Rab11a and Rab27a, were examined by Western blot and immunocytochemistry (ICC). Mn significantly suppressed Rab11a expression
both at the protein and mRNA levels, suggesting that the metal disrupts endosomal-recycling mechanisms, thereby forcing endosomes to
mature into multivesicular bodies (MVBs). Next, we examined whether
Mn alters Rab27a, a signaling molecule that regulates exosome release
through fusion of MVBs with the plasma membrane. Interestingly qRTPCR, western blot and ICC analyses revealed that Mn exposure upregulated the mRNA and protein expression of Rab27a, suggesting that
Rab27a upregulation contributes to Mn-induced exosomal release.
Since Mn increases α-syn load due to the intracellular accumulation of
MVBs, we then examined the effect of Mn on α-syn clearance via autophagic/lysosomal degradation. Western blot analysis revealed that Mn
upregulated the expression of the autophagosomal markers LC3-II and
Beclin-1, whereas the lysosomal marker LAMP2 was downregulated in
Mn-treated α-syn expressing cells. Taken together, these novel findings
suggest that Mn compromises endosomal trafficking, leading to autophagic/lysosomal impairment, thereby promoting MVB formation and
the exosomal release of misfolded α-syn. (NIH grants ES19267, ES26892,
and Linda Lloyd Endowed Chair)

1431 Manganese Accelerates Template-Driven

Prion Protein Seeding Activity: Relevant to the
Prionoid Mechanism of Neurodegenerative
Processes

S. Manne, N. Kondru, H. Jin, V. Anantharam, A. Kanthasamy, and A.
Kanthasamy. Iowa State University, Ames, IA.
Protein aggregation is emerging as a hallmark pathological feature of
many neurodegenerative diseases including Parkinson’s, Alzheimer’s
and Huntington’s Diseases as well as classical prion diseases. We
recently reported that divalent metals can interact with alpha-synuclein
and prion proteins to alter metal neurotoxicity. Although manganese
(Mn) has been reported to interact with prion protein, it is not entirely
clear whether Mn plays a role in template-driven conversion, leading to
enhanced prion protein aggregation. In the current study, we adopted
a real-time quaking-induced conversion (RT-QuIC) assay to characterize
the role of Mn in the aggregation and seeding process of infectious

1433 Interactions between Atp13a2, Alpha-Synuclein,
and Zinc In Vivo

Santiago2,

N.
R. Blackwood1, E. Dirr4, S. Karkare4, B. Liou1, Y. Sun1,
P.-O. Fernagut3, E. Bezard3, J. R. Richardson2, and S. Fleming2.
1Cincinnati Children’s Hospital Medical Center, Cincinnati, OH;
2Northeast Ohio Medical University, Rootstown, OH; 3University
of Bordeaux, Bordeaux, France; and 4University of Cincinnati,
Cincinnati, OH.
Loss of function mutations in the gene ATP13A2 are associated with
the neurodegenerative diseases Kufor-Rakeb Syndrome and Neuronal
Ceroid Lipofuscinosis. The function of ATP13A2 is unclear but in vitro
studies suggest that it is involved in the lysosomal degradation of
proteins and in the homeostasis of heavy metals including zinc and
manganese. We previously showed that Atp13a2-deficient (13a2) mice
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lutants and PD using both cell culture and zebrafish model systems and
specifically addressing how diesel exhaust, a major component of urban
air pollution, may modulate synuclein expression and other markers of
dopaminergic neuronal toxicity. Using a zebrafish (ZF) model to better
explore neurotoxicity, we have determined that exposure to diesel
exhaust particulate extract (DEPe) causes a significant decrease in aminergic neurons expressing VMAT2 as seen by confocal microscopy in a
dose- and time-dependent manner. In addition, endogenous levels of
tyrosine hydroxylase (TH) RNA in ZF are significantly reduced after DEPe
exposure, indicating dopaminergic neurons in particular are affected. To
understand if ZF synuclein (sncg1) may be connected to DEPe toxicity,
Western blot against sncg1 was conducted at doses of DEPe that do not
cause notable neuron loss. Under these conditions, sncg1 protein is elevated. To understand if these findings in ZF are consistent across model
systems, TH and aSyn levels were analyzed in cell culture, where aSyn
RNA and protein were elevated. In these cell culture exposures, dopaminergic neuron death was not observed. In future studies, we intend
to explore the connection between synuclein increases and neuronal
toxicity. When taken together, it can be seen that exposures to traffic-related air pollution can induce neuronal toxicity and has the potential to
dysregulate synuclein. Such dysregulation alters pathways of toxicity in
ways that may contribute to Parkinson’s Disease risk.

develop age-dependent sensorimotor deficits, enhanced lipofuscinosis,
and accumulation of insoluble alpha-synuclein (aSyn) in the brain and
they are more sensitive to the toxic effects of manganese administration. These findings suggest ATP13A2 may be a key protein involved in
gene-environment interactions that contribute to neurodegenerative
conditions. In the present study, two cohorts of mice were treated with
a zinc chloride solution. In the first cohort, two-four month old wildtype (WT) and 13a2 mice received four subcutaneous injections over the
course of 14 days of 20 mg/kg zinc chloride or vehicle. Soluble and insoluble aSyn levels were then determined in the dorsal and ventral midbrain. In the second cohort WT, 13a2, aSyn overexpressing (aSyn), and
double mutant 13a2-aSyn mice were administered a low dose of zinc
chloride solution (1 mg/kg) by gavage chronically twice a week for four
months beginning at two months of age. At six months of age, cathepsin
D, p62, and LAMP1 expression levels were measured in the striatum,
ventral midbrain, and cortex. Results from the first cohort show that
soluble aSyn levels were significantly increased in the dorsal midbrain
(p<0.05) but not ventral midbrain in 13a2 mice receiving zinc compared
to vehicle-treated WT. No changes in insoluble aSyn were detected in
either region. In the second cohort, zinc-treated double mutant 13a2aSyn mice had significantly increased levels of LAMP1 (p<0.05) and p62
(p<0.05) and significantly decreased levels of cathepsin D (p<0.05) in the
striatum compared to zinc-treated WT mice. These data indicate loss of
ATP13A2 function in vivo leads to increased sensitivity to zinc and region
specific alterations in aSyn accumulation and lysosomal function.

1434 Cholinergic Neuron Loss in the Putamen of
Nonhuman Primates in Early ManganeseInduced Parkinsonism

K. K. Gonzales1, J. McGlothan1, J. S. Schneider2, and T. R. Guilarte1.
1Florida International University, Miami, FL; and 2Thomas Jefferson
University, Philadelphia, PA.
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Manganese (Mn) intoxication via environmental or occupational exposures, ephedrone abuse, or SLC30A10 genetic mutations leads to an
atypical form of parkinsonism (Guilarte and Gonzales, 2015). Clinical
and pre-clinical evidence from our laboratory and others have revealed
that, unlike idiopathic Parkinson’s disease, the nigrostriatal dopaminergic system is intact but dysfunctional in Mn-induced parkinsonism
(Guilarte et al., 2006, 2008; Perl & Olanow, 2007; Huang et al., 2015). In
agreement, we recently demonstrated using stereological cell counting
that a loss of putative dopaminergic neurons in the substantia nigra
pars compacta (SNpc) does not occur after chronic Mn exposure in
monkeys that express movement abnormalities and cognitive deficits (2016 SOT abstract). Because of the strong functional relationship
between striatal cholinergic interneurons (ChIs) and nigrostriatal dopaminergic afferents, we quantified the effects of Mn exposure on the
total number of neurons immunolabeled with choline acetyltransferase
(ChAT; representative of ChIs) in the striatum (i.e., caudate nucleus and
putamen). Our stereological quantification reveals a significant loss (
> 80%) of ChAT-positive neurons throughout the entire rostrocaudal
extent of the putamen in Mn-exposed monkeys compared to controls
(mean ± S.E.M.): PreCommissural putamen = Mn-exposed (n=3; 30,854
± 7,580) vs Normal (n=4; 164,743 ± 11,511); Commissural putamen =
Mn-exposed (n=3; 23,469 ± 13,548) vs Normal (n=4; 150,859 ± 22,252);
and PostCommissural putamen = Mn-exposed (n=3; 24,860 ± 9,759)
vs Normal (n=4; 262,295 ± 13,176). We have begun to investigate the
integrity of the cholinergic system in the caudate nucleus of these same
animals. Preliminary evidence suggests that a major loss of ChIs may not
occur in the caudate nucleus as observed in the putamen, proposing
a selectivity of the Mn effect on putamenal ChIs. These collective findings indicate that the motor and cognitive deficits observed in early
Mn-induced parkinsonism are unrelated to dopaminergic nigral cell loss
but may be influenced by a substantial degeneration of putamenal ChIs,
bringing us closer to understanding the pathophysiology of Mn-induced
parkinsonism. [Supported by NIEHS ES010975 to TRG]

1435 Endoplasmic Reticulum Stress Induction and

ERK1/2 Activation Contribute to NefazodoneInduced Toxicity in Hepatic Cells

Z. Ren2, S. Chen2, J. Zhang2, U. Doshi1, A. P. Li1, and L. Guo2. 1In
Vitro ADMET Laboratories LLC, Columbia, MD; and 2US FDA/NCTR,
Jefferson, AR.
Nefazodone, an antagonist for the 5-hydroxytryptanine receptor, has
been used for the treatment of depression. Acute liver injury has been
documented to be associated with the use of nefazodone; however, the
underlying mechanisms are not well defined. In the current study, using
biochemical and molecular approaches, we characterized the molecular
mechanisms underlying the hepatotoxicity of nefazodone. We found
that nefazodone induced endoplasmic reticulum (ER) stress in HepG2

cells, as the expression of typical ER stress markers, including CHOP,
ATF-4, and p-eIF2α, was significantly increased, and splicing of XBP1
was observed. Nefazodone-suppressed protein secretion was evaluated
using a Gaussia luciferase reporter assay that measures ER stress. The ER
stress inhibitors (4-phenylbutyrate and salubrinal) and knockdown of
ATF-4 gene attenuated nefazodone-induced ER stress and cytotoxicity.
In addition, nefazodone activated the MAPK signaling pathway, as indicated by increased phosphorylation of JNK, ERK1/2, and p38. Inhibition
of ERK1/2 reduced ER stress caused by nefazodone. Taken together,
our findings suggest that ER stress contributes to nefazodone-induced
toxicity in HepG2 cells and that the MAPK signaling pathway plays an
important role in ER stress.

1436 Mechanisms of Triclosan-Associated

Hepatocellular Toxicity in HepG2 Cells

Y. Wu, F. A. Beland, and J.-L. Fang. US FDA/NCTR, Jefferson, AR.
Triclosan is a broad spectrum anti-bacterial agent. Although it was
recently banned from hand and body washes by US FDA, triclosan is
still widely used in many household items, medical devices, and clinical settings. In this study, we investigated the mechanisms underlying
triclosan-induced cytotoxicity in human HepG2 cells. Triclosan rapidly
reduced the cellular ATP content and decreased the mitochondrial
membrane potential. This effect was more pronounced in glucose-free
and galactose-containing medium compared to glucose-containing
medium, indicating mitochondrial impairment. Triclosan treatment led
to delayed cell cycle progression, accompanied by decreased levels of
several cyclins and cyclin-dependent kinases, and caused cell death
in a concentration-dependent manner. Three major pathways of cell
death, including apoptosis, necroptosis, and necrosis, were examined
for their contribution to triclosan-induced cytotoxicity. Exposure of
HepG2 cells to triclosan enhanced cytochrome C release and elevated
the expression of inhibitors of apoptosis proteins, but not the activation of caspase 3/7/9, suggesting that apoptosis was not involved in
triclosan-induced cell death. The expression levels of receptor-interacting protein kinases 1 and 3 were unchanged upon triclosan exposure
and no protecting effect of necrostatin-1 was observed, suggesting that
necroptosis was not involved in triclosan-induced cell death. Triclosan
caused random DNA fragmentation, as evidenced by a smeared pattern
of DNA following gel electrophoresis, indicating that triclosan induced
necrosis. Moreover, the rapid triclosan-induced decrease in ATP content
was associated with the activation of AMPK, an essential enzyme in
cellular energy homeostasis, and the inhibition of the mTOR signaling
pathway, a key regulator in autophagy. Triclosan induced autophagy,
which was demonstrated by LC3B conversion, GFP cleavage, and the
decreased GFP fluorescence in HepG2 cells overexpressing LC3B-GFP
fusion protein. Inhibition of autophagy by chloroquine or inactivation
of AMPK by compound C enhanced triclosan-induced cell death. These
data suggest that triclosan impaired mitochondria function and caused
necrotic cell death, and that autophagy induction was a pro-survival
mechanism against triclosan-induced cytotoxicity.

1437 Kinetic Assessment of Acute Toxicological Risk
with a Bioluminescent Annexin V Reagent

A. Niles1, K. Kupcho1, J. Shultz1, W. Zhou2, R. Hurst1, J. Hartnett1, T.
Riss1, D. Lazar1, and J. Cali1. 1Promega, Madison, WI; and 2Promega
Biosciences, San Luis Obispo, CA.
Dose and exposure are the most important parameters used to define
acute toxicological risk. In vitro however, duration of xenobiotic exposure is often relegated to convenient but arbitrary chronological endpoints. Therefore a methodological need exists to capture the detail of
the kinetic onset of cytotoxic responses. A homogeneous, bioluminescent annexin V reagent was developed which can be applied to cells
in plate-based formats at the time of dosing to monitor the real time
progression of necrosis or apoptosis. The assay reagent utilizes two
annexin fusion proteins which have been engineered to harbor separate and distinct complementing domains of a binary luciferase. These
proteins respond to the kinetic emergence of phosphatidyl serine (PS)
exposure by proximity-based enzyme complementation. The reagent
uses a time-released luciferase substrate to produce a stable bioluminescent signal proportional to PS exposure. The reagent also contains
a cell impermeant, profluorescent DNA dye that measures real time loss
of membrane integrity. Together, the resulting luminescent and fluorescent profiles help define cell death mechanism of action. The rationale
for this study was to examine the utility of the real time cytotoxicity
measures by dosing sub-confluent HepG2 cells with known hepatotoxicants. Specifically, serial dilutions of acetaminophen, diclofenac, terfenadine, menadione and aflatoxin B1 were applied to cells with the
annexin V reagent. The luminescent and fluorescent measures were
collected in 15 minute increments during a 48hr exposure. All the com-

1438 Generation of Proliferating, Primary-Like

Hepatocytes and Detection of Cytokeratin 18 to
Predict Drug-Induced Hepatotoxicity

A. Noerenberg1, W. Schaefer1, A. Kling2, G. Coghlan2, N. Runge1, and
T. Johannssen1. 1upcyte technologies GmbH, Hamburg, Germany;
and 2VLVbio AB, Nacka, Sweden. Sponsor: P. Hewitt.
Early detection of drug-induced liver injury (DILI) is essential during
drug development to minimize the risk of adverse effects and drug
withdrawal. To evaluate the safety profile of a drug candidate, there is
a constant need for reliable in vitro test systems. While primary human
hepatocytes remain the method of choice, limited throughput and a
rapid loss of liver-specific functions compromise their use. Recently,
cytokeratin 18 (CK18) was suggested as a promising biomarker for DILI
[1]. Likewise, the M30 neoepitope generated upon caspase-dependent
cleavage of CK18 is considered a robust marker for apoptosis [2]. In the
present study, we generated expandable human hepatocytes by lentiviral transduction of primary hepatocytes with proliferation inducing
genes. So-called upcyte® cells proliferated for up to 40 population
doublings while maintaining several characteristics of primary cells.
Expression of surface markers such as cytokeratin 8, alpha-1-antitrypsin
and human serum albumin was retained. Importantly, upcyte® hepatocytes further expressed metabolizing enzymes of phase I (e.g. CYP 1A2,
2B6, 2C9 and 3A4) and phase II (e.g. UGT, SULT and GST). We next investigated expression of CK18 in upcyte® hepatocytes generated from four
different donors. Immunofluorescence analysis revealed strong basal
expression of full-length CK18 in all donors. In addition, varying levels
of caspase-cleaved CK18 were detected by M30 CytoDeath® ELISA.
Treatment of upcyte® cells with hepatotoxic model compounds such
as acetaminophen, diclofenac and cyclosporine A significantly induced
caspase-dependent cleavage of CK18 in a dose-dependent manner,
confirming a role of apoptosis in response to these drugs. In conclusion,
our findings suggest that upcyte® hepatocytes represent a promising
tool for detection of (caspase-cleaved) CK18 during preclinical hepatotoxicity testing, combining the advantage of primary-like metabolic
activity with virtually unlimited cell access. References: [1] Weiler, Merz,
Kullack-Ublick 2015, F1000Prime Rep, 7: 34. [2] Schutte et al. 2015, Exp.
Cell Res., 297: 11.

1439 Hepcidin Deficiency, Systemic Iron

Overloading, and Heme Accumulation in
2,3,7,8-Tetrachlorodibenzo-p-Dioxin-Elicited
Hepatotoxicity

K. A. Fader1, R. Nault1, M. P. Kirby1, G. Markous1, J. Matthews2, and
T. R. Zacharewski1. 1Michigan State University, East Lansing, MI;
and 2University of Oslo, Oslo, Norway.
Aryl hydrocarbon receptor (AhR) agonists elicit dose-dependent hepatic
lipid accumulation, oxidative stress, inflammation, and fibrosis. Iron (Fe)
is known to promote oxidative stress by catalyzing the production of
reactive oxygen species (ROS). To further characterize the role of Fe in
AhR-mediated hepatotoxicity, male C57BL/6 mice were orally gavaged
with sesame oil vehicle or 0.01-30 µg/kg 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) every 4 days for 28 days. Duodenal epithelial and hepatic
RNA-Seq data were integrated with hepatic AhR ChIP-Seq, protein capillary electrophoresis, and clinical chemistry analyses. TCDD dose-dependently repressed hepatic expression of hepcidin (Hamp and Hamp2),
the master regulator of systemic Fe homeostasis, resulting in a 2.6-fold
increase in serum Fe with accumulating Fe spilling into urine. In contrast, total hepatic Fe levels were negligibly increased while transferrin
saturation remained unchanged. Furthermore, TCDD elicited dose-dependent changes in heme biosynthesis gene expression including the
induction of aminolevulinic acid synthase 1 (Alas1) and repression of
uroporphyrinogen decarboxylase (Urod), leading to a 50% increase in
hepatic hemin and a 13.2-fold increase in total urinary porphyrins at
30 µg/kg TCDD. Given its role as the biological ligand for transcription
factors including BACH1 and REV-ERBα/β, heme accumulation led to
induction of heme oxygenase 1 (Hmox1) and repression of fatty acid
biosynthesis, respectively. Collectively, these results suggest that AhR-

mediated induction of Cyp1a2 and hepatic fat accumulation converge
with tertiary responses such as Hamp repression, Fe overloading, and
increased heme levels to promote oxidative stress and the progression
of TCDD-elicited hepatotoxicity. Funded by Superfund Research Program
P42ES04911 (TRZ), Integrative Training in the Pharmacological Sciences
Award 5T32GM092715 (RN), and Canadian Institutes of Health Research
Doctoral Foreign Study Award DFS-140386 (KAF).

1440 Discovery of Toxic Metabolites by High-Content

Imaging in the SciFlow 1000 96-Well Microfluidic
Culture System

D. Sloan, T. Jensen, M. McCartney, S. Klose, and R. McClelland.
SciKon Innovation, Inc., Chapel Hill, NC.
Drug induced liver injury (DILI) is the leading cause of acute liver failure
in the US, and is the most common reason cited for the withdrawal
of an approved drug. DILI can result from toxicity caused by a parent
compound or metabolites of that compound. The ability to identify DILI
inducing compounds or metabolites early in the drug discovery process
results in significant savings to pharmaceutical companies. This requires
a system that can both produce and retain drug metabolites, parent
compounds, and measure the toxic effects on cells. The SciFlow 1000 is
a unidirectional gravity driven microfluidic tissue culture system based
on a 96-well plate footprint, with all wells in a row linked through microchannels. To demonstrate metabolic capacity and observe the pattern
of metabolite production in SciFlow, substrates specific for 5 different
CYP enzymes (1A2, 2B6, 2C9, 2D6 and 3A4) were introduced into SciFlow
wells containing hepatocytes, and metabolite production was monitored over a 72-hour period. The products of CYP metabolism begin to
appear at the 24-hour time point and by 72-hours significant concentrations of these metabolites are measured in the downstream fluidic
wells. Using these metabolite profiles, we set out to quantify the effects
of metabolism on cellular toxicity. In a second experiment, a panel of 10
drugs with varying degrees of toxicity were selected, and their effects on
liver cell viability was monitored. HepaRG cells were plated in all wells
of the SciFlow 1000 and drug was added 3 times over 72 hours to the
source well. This method allowed the drug to flow over the hepatocytes
(left-to-right), for metabolism to occur, and for metabolites to travel
downstream. Cell viability was monitored in real time via high content
imaging using CellTox Green and Hoechst stain. We identified drugs that
were hepatotoxic, and based on the pattern of cell death, those drugs
whose toxicity was mediated through toxic metabolites. Additionally,
we calculated the total drug exposure and determined an IC50 based on
cell viability. This powerful methodology, using the combination of metabolically active liver cells, the SciFlow 1000 Fluidic Culture System, and
high content imaging demonstrates the ability to identify cellular toxicity and distinguish between parent compound vs. metabolite effects
without any prior knowledge of the compound’s metabolite profile,
allowing earlier identification of a compound’s mechanism of toxicity.

1441 A Single 2-Gy Whole-Body Irradiation Accelerate
Aging Process and Cause Lifelong Perturbation
of Hematopoiesis in Mice

Y. Hirabayashi1, I. Tsuboi2, Y. Kusunoki3, and S. Aizawa2. 1National
Institute of Health Sciences, Tokyo, Japan; 2Nihon University
School of Medicine, Tokyo, Japan; and 3Radiation Effects Research
Foundation, Hiroshima, Japan.
After 2-Gy whole-body irradiation (WB-IR), peripheral blood cells and
mature hematopoietic progenitor cells (PGCs) showed complete
recovery within 6 weeks. On the other hand, more immature hematopoietic stem/progenitor cells (HSCs/PGCs) remained low in number
more than a year. In addition, Ccnd1, Fyn, and PiK3r1 showed upregulated expressions only in the HSCs of the irradiated mice at 21 months
of age compared with the control mice. Accordingly, the chronological changes in the cell cycle status in cells in the lineage-negative,
c-kit-positive, and stem cell antigen 1 (Sca1)-positive (LKS) fraction as
the HSC-enriched fraction and colony forming unit granulomacrophage
(CFU-GM) as mature PGCs were evaluated on the basis of bromodeoxyuridine (BrdUrd) incorporation ratio in vivo until 21 months of age
after 2-Gy WB-IR. As a result, in the case of cells in the LKS fraction, we
found that the ratios of BrdUrd incorporation in the irradiated group
with 2-week BrdUrd treatment were significantly higher than that in
the control group at each observation time point. However, simultaneously, the generation doubling time in the irradiated group seems to be
longer than that in the control group, as determined from the increase
in BrdUrd-incorporation ratio from two to six weeks of BrdUrd treatment. Because the prolonged generation doubling time and upregulated expressions of Ccnd1 and Fyn were also observed in nonirradiated
elderly mice, a single WB-IR seemed to enhance the aging phenotype.
In the case of CFU-GM, the irradiated group showed higher incorpo-
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pounds caused dose-dependent cytotoxicity during the 48hr exposure,
but produced greatly divergent kinetic profiles with respect to dose
and toxin. Terfenadine and menadione produced robust induction of
apoptosis within 2hrs, whereas acetaminophen and diclofenac initiated
a mild apoptotic response beginning after 6-8hr of exposure. Aflatoxin
B1 required a full 24hrs to initiate a cytotoxic response. Extrapolation of
in vitro risk assessment data to prediction of in vivo toxicity continues to
be a major challenge for a multiplicity of reasons, including actual in vivo
exposure due to xenobiotic clearance. We conclude that the real time
assay approach enables kinetic cytotoxicity profiles that allow for rank
ordering potential risk.

ration ratios more than one year after irradiation without numerically
excessive proliferation and then returned to the nonirradiated control
level afterwards. In summary, 2-Gy whole body irradiation caused lifelong perturbation of homeostasis to keep hematopoiesis at numerically
normal levels, which may cause changes that lead to the development
of leukemia. (Contract No. HHSN 272 200 900 059C)

1442 Maturation of ES-Derived Hepatocytes by the

Developmental Timing Associated microRNA,
Let-7c

S. Sengupta. Morgridge Institute for Research, Madison, WI.
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Pluripotent stem cell (ES/iPS)-derived hepatocytes are immature,
expressing extremely low levels of hepatocyte specific genes including
functional enzymes compared to mature adult primary hepatocytes.
Maturation of ES/iPS-derived hepatocytes has been the holy grail for
stem cell biologists for a long time as primary cells are limited and de-differentiate in culture making them challenging for use in drug development and other studies. MicroRNAs are powerful modulators of cell
phenotype and a single microRNA can control hundreds of genes. We
searched for microRNAs that might be involved in maturation and identified a developmental timing-associated microRNA, let-7c, from de-differentiating cultured primary hepatocytes, developing mouse livers and
various differentiation grades of clinical human liver cancer samples to
be associated with hepatocyte maturation that was poorly expressed
in ES-derived hepatocytes. To ascertain if let-7c can confer maturation
to ES-derived hepatocytes we generated recombinant ES cell lines that
expressed a GFP marker from the albumin promoter with or without the
microRNA. Sequencing of the albumin positive fractions after differentiation of these cell lines showed GFP-let-7c cells to express orders of
magnitude higher levels of functional hepatic genes compared to the
GFP only cells. Hepatic genes in GFP-let-7c cells were expressed at levels
equal to adult primary hepatocytes, and they showed very high correlation with adult hepatocytes derived from multiple donors. Further,
GFP-let-7c cells also showed significant down-regulation of fetal genes
such as alpha feto-protein, down to levels equal to adult primary cells.
Thus we show that the developmental timing associated microRNA
let-7c can mature ES-derived hepatocytes, possibly by short circuiting
the long time period taken for maturation in vivo. This discovery would
pave the way for replacing primary hepatocytes by ES-derived ones in
drug development, toxicity testing and other studies.
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1443 A Flexible 96-Well Plate Assay for

Hematotoxicity Screening to Detect Neutropenia

I. Yu, C. Grande, C. Farzim, T. Jeng, J. Terc, K. Tse, M. Huber, S.
J. Szilvassy, T. Thomas, A. Eaves, J. Damen, and B. Wognum.
STEMCELL Technologies, Inc., Vancouver, BC, Canada.
An important step in drug development is to test candidate therapeutic
agents for potential toxicity on blood cell formation. The current gold
standard for assessing hematotoxicity is the in vitro colony-forming
unit (CFU-GM) assay, in which hematopoietic stem and progenitor cells
(HSPCs) are cultured in methylcellulose-based media and granulocyte
and macrophage (GM) colonies are counted after 14 days. The CFU-GM
assay is most useful for testing a small number of candidates at later
stages of drug development, but other assay formats are better suited
for higher throughput screening at earlier stages. We have developed
an automatable microwell-based assay, in which the number, viability,
and phenotype of cells generated by expansion and granulocyte-specific differentiation of HSPCs is quantified after 7 days of liquid culture.
To test the suitability of this HemaTox Myeloid assay for testing compounds that cause neutropenia, CD34+ cells from human cord blood
and bone marrow were cultured in the presence of small molecule drugs
(Topotecan, Irinotecan, Sunitinib, Imatinib, 5-Fluorouracil, Cisplatin)
and then enumerated and phenotyped using flow cytometry. There
was a high correlation between 50% inhibitory concentrations (IC50)
determined by the CFU-GM and HemaTox Myeloid assays (R2 = 0.91).
Importantly, when IC50 values were used to rank compound toxicity,
the six compounds ranked similarly on both assays. Inter-experimental
variability was low (%CV = 6.6 - 19.3), and the Z’-factor of the HemaTox
Myeloid assay in 96-well plates (0.64) was similar to that of the CFU-GM
assay performed in 35 mm culture dishes (0.67). The HemaTox Myeloid
assay was compared to two other HemaTox assays that measure erythroid and megakaryocytic differentiation. Most drugs showed similar
toxicity on all three lineages, but for Sunitinib, myeloid cells were less
sensitive (IC50 = 0.05 µM) than erythroid cells (IC50 = 0.01 µM), and more
sensitive than megakaryocytes (IC50 = 0.7 µM). Similar differences were

observed in CFU assays (IC50 = 0.08 µM, 0.04 µM, > 1 µM for CFU-GM,
BFU-E, and CFU-Mk, respectively). These results demonstrate that the
HemaTox assay is a reliable and robust assay to test hematotoxicity and
can be used in combination with conventional CFU assays at various
stages of drug development.

1444 Atrial Myocytes Derived from Human iPSCS:
Characterization of Kinetics in Atrial vs.
Ventricular Myocytes

P. McDonough3, X. Zhang1, J. Wang2, R. Basa3, and J. H. Price4.
1Allele Biotechnology, San Diego, CA; 2Allele Biotechnology;
Scintillon Institute, San Diego, CA; 3Vala Sciences, Inc., San Diego,
CA; and 4Vala Sciences, Inc., Scintillon Institute, San Diego, CA.
Treatment of new-onset atrial fibrillation (AFib) includes review of newly-prescribed drugs as a cause. Cofactors include advanced age, alcohol
consumption, family, hypertension, thyroid dysfunction, sleep apnea
and heart disease. AFib will plague 1:6 of us during our lifetimes. AFib
increases risk of stroke but is often associated with cognitive decline
even in the absence of overt stroke, and significantly increases the risk of
Alzheimer’s and other dementias. The risk of sudden death arrhythmia
is 2-3x higher with AFib. Thus creation of hiPSC-derived atrial myocytes
would aid cardiac safety and anti-AFib drug research. Atrial myocytes
are distinguishable from ventricular myocytes early in embryonic development. Mature atrial myocytes exhibit shorter duration action potentials and calcium transients than ventricular myocytes. While several
groups have successfully differentiated induced pluripotent stem cells
to cardiac myocytes (iPSC-CMs) that exhibit a ventricular phenotype, the
production of atrial cardiomyocytes is less common. Our group exposed
iPSCs to retinoic acid during the differentiation scheme and drove differentiation to a putative atrial phenotype. The cells were then seeded into
96-well dishes and loaded with the fluorescent calcium indicator, Fluo-4.
The plates were scanned with Vala’s Kinetic Image Cytometer (KIC),
which collected a video in each well at 30 frames per second. CyteSeer
software segmented the videos into single cell masks (including subcellular regions) and the calcium transients of about 300 cells per well
were analyzed on a cell-by-cell basis. iPSC-CMs exposed to retinoic acid
exhibited a faster spontaneous contractions rate (~2-fold) vs. the standard ventricular differentiation protocol. Furthermore, the cells exposed
to retinoic acid exhibited reduced duration of the contractile calcium
transients, consistent with the characteristics of more mature atrial cardiomyocytes. The development of iPSC-CMs that exhibit an atrial phenotype will enable research into AFib mechanisms and identify agents
that may induce AFib. This work could support therapeutic discovery for
the treatment of atrial fibrillation, a common, disabling, and dangerous
cardiac disease.

1445 Non-Integrating, Transient Optogenetic

Modification of Human iPSC-Derived
Cardiomyocytes Using GCaMP6f and Channel
Rhodopsin 2 mRNAs

B. Wolters1, R. Kettenhofen1, J. M. D’Angelo3, H. Horai2, E.
Dragicevic4, G. Luerman1, and H. Bohlen1. 1Axiogenesis AG,
Cologne, Germany; 2Hamamatsu Photonics, Hamamatsu, Japan;
3Hamamatsu Photonics, Massy, France; and 4Nanion Technologies
GmbH, Munich, Germany. Sponsor: A. Nanez.
Monolayers of human iPSC-derived cardiomyocytes (hiPS-CM) reveal
spontaneous rhythmic beating which can be monitored either by
means of microelectrode array recording of extracellular field potentials
or by kinetic fluorescent plate readers using calcium- or voltage- sensitive dyes. Furthermore, the beat rate determines the duration of the
field potentials (FPD) as well as the calcium transient (CTD) in a reverse
use-dependent manner. However, to understand drug mediated frequency changes, hiPS-CM require a frequency correction of the FPD/
CTD according to experimentally determined restitution curves or, preferably, cells can be paced by electrical means to beat at a constant rate.
To address this experimental limitation, we present a novel lipid-based
transfection method which allows for a highly efficient and non-integrating optogenetic modification of hiPS-CM using channelrhodopsin
2 and GCaMP6f (calcium sensor) mRNA. First, channel rhodopsin 2
mRNA was transfected into hiPS-CMs which were then cultured on an
Axion Maestro microelectrode array equipped with the new Lumos light
delivery system. The channelrhodopsin enabled the cells to be paced by
optical stimulation (blue light) at defined rates for more than 2 weeks.
Importantly, cells followed pacing frequencies up to 5 Hz. Additionally,
transfection of the GCaMP6f mRNA into Cor.4U hiPS-CM allowed for
recording of calcium transients (Hamamatsu FDSS 7000EX) without

1446 Exposure to Inorganic Arsenic Modulates

Differentiation Potential of Adipose-Derived
Mesenchymal Stem Cells

J. Shearer, N. Figueiredo, C. Umbaugh, and M. Figueiredo. Purdue
University, West Lafayette, IN.
Adipose-derived mesenchymal stem cells (ASCs) have emerged as
a promising cancer therapeutic modality. With their immune permissiveness and ability to home to tumors these cells have been utilized
in a range of immunotherapies. However, little is known about the
effects that exposure to environmental contaminants prior to genetic
manipulation may have on the biology of these cells. We hypothesized
that in vivo exposure to inorganic arsenic may alter the differentiation
potential of ASCs following isolation. To test this we exposed male
C57BL/6 mice to a range of arsenic concentrations (0-1000 ppb) for up
to four weeks with total urinary arsenic levels determined by inductively
coupled plasma mass spectrometry analysis. ASCs were then isolated
from inguinal white adipose stores and differentiated into fat, bone,
or cartilage. Differentiation potential was assessed by immunocytochemistry and RT-qPCR analysis. Our results show a clear separation of
total urinary arsenic for the 0, 300, and 1000 ppb exposed cohorts after
one week of exposure that is maintained throughout the entire study.
ASCs isolated after one week of exposure maintain adipogenic, osteogenic, and chondrogenic potential following exposure as determined
by immunostaining and RT-qPCR. However, the degree at which differentiation-specific genes were induced was altered following arsenic
exposure with adipogenesis having a biphasic response with an initial
decrease at 300 ppb followed by a return to baseline at 1000 ppb compared to non-exposed control for three different genes (LEP, ADIPOQ,
and FABP4). Osteogenesis (RUNX2, OPN, and BGP) and Chondrogenesis
(SOX9, DSPG3, and ACAN) gene expression showed a concentration-dependent decrease in differentiation capability with increasing exposure
to arsenic compared to control. The change in differentiation potential
may be mediated through changes in transforming growth factor beta
1 (TGFβ1) expression whose gene expression mirrored the changes in
differentiation-specific gene expression. Overall, these data suggest that
environmental exposures can alter the biology of ASCs and may need
to be considered when screening for optimal ASC donors to optimize
therapeutic efficacy.

1447 Conditional Deletion of Aryl Hydrocarbon

Receptor (AhR) in the Bone Marrow
Hematopoietic Cells Alters Gene Expression
Profile in Long-Term Hematopoietic Stem Cells
(LT-HSC)

K. P. Singh, J. A. Bennett, E. C. Henry, C. L. Donegan, B. P.
Lawrence, and T. A. Gasiewicz. School of Medicine and Dentistry,
University of Rochester, Rochester, NY.
The AHR is a ligand activated bHLH transcription factor that belongs
to the Per-Arnt-Sim (PAS) superfamily, a group of proteins involved in
mediating the response to cellular environment such as changes in
oxygen availability and regulation of circadian rhythms. The AHR regulates normal physiological and developmental pathways in numerous
tissues/organs, and plays a major role in mediating the toxic and carcinogenic effects of a large class of environmental pollutants. Although
our understanding of the physiological roles of the AHR in the immune
system is evolving, there is little known about its role in hematopoiesis and hematopoietic diseases. Epidemiological studies have linked
exposure to xenobiotic AHR ligands, such as polychlorinated biphenyls
and polychlorinated dibenzodioxins/furans, with increased incidence
of non-Hodgkin’s lymphoma and myeloid leukemia. Lifetime exposure
to environmental pollutants that accumulate with age and affect AHR
expression/activity may contribute to abnormal hematopoiesis and
hematopoietic disease. Global Ahr null (AhR-KO) mice have impairments in hematopoietic stem cell (HSC) function, and with age develop
myeloproliferative changes. We hypothesized that mice lacking AHR
only within hematopoietic cells (conditional AhR-CKO) would develop
similar changes, and used VavCRE transgenic mice to establish AhR-CKO
lineage. However, mice that lack AHR in their hematopoietic system do
not fully phenocopy of AhR-KO at 2 or 18 months of age. In order to identify the signaling mechanisms underlying the alterations in hematopoiesis observed in the AhR-KO and AhR-CKO mice, we sorted LT-HSCs (LSK
CD34- CD48- CD150+ cells) from bone marrow, and performed microarray
analyses. Ingenuity Pathways Analysis and Gene Set Enrichment Analysis

revealed that altered networks of genes included some important for
hematopoietic stem cell functions. These data also suggest that loss of
AHR within HSC alters several signaling mechanisms including oxidative
stress network and expression of gene involved in DNA repair. The differences in altered HSC functions/phenotype in AHR-CKO mice may be
due to AHR expressed in some bone marrow niche cells and changes
in niche cells HSC supportive functions. (Supported by NIH Grants P30
ES01247, T32 ES07026, ES04862 and ES023068)

1448 TCDD Represses Osteogenic Differentiation of

Human Bone-Derived Mesenchymal Stem Cells
from Multiple Donors

A. Watson. North Carolina State University, Raleigh, NC.
Bone formation requires strict coordination of transcriptional regulatory
pathways to direct commitment and differentiation of mesenchymal
stem cells to mature osteoblasts. However, there is increasing concern
that developmental exposure to environmental xenobiotic stressors
may perturb the osteogenic pathways responsible for normal bone formation. TCDD and other ligands to the aryl hydrocarbon receptor (AHR)
are one class of chemicals known to disrupt bone and cartilage formation in multiple in vivo models. Through a combination of Alizarin red
S staining for mineralized bone matrix, alkaline phosphatase (ALPase)
activity, and qPCR for select transcriptional regulators and apical
markers of bone formation, we elucidate AhR-mediated inhibition of
osteogenesis in human bone-derived mesenchymal stem cells (hBMSCs)
isolated from multiple donors. At early stages of hBMSC differentiation,
treatment with 10 nM TCDD attenuates expression of DLX5, an upstream
of regulator of osteogenic transcriptional regulators RUNX2 and OSX.
At intermediate stages of differentiation a significant reduction in OSX
and ALP expression was observed with concomitant reduction in ALPase
activity relative to DMSO-treated controls. Finally, apical genes SPP1 and
BGLAP encoding bone extracellular matrix (ECM) markers demonstrate
attenuated expression in conjunction with marked reduction in calcium
deposition and Alizarin red staining. Co-exposure with AHR antagonist
GNF351 rescued of Alizarin red staining and rescued expression of transcriptional regulators and apical markers, thus suggesting that AHR activation is mechanistically associated with TCDD-mediated inhibition of
osteogenesis. Current work is underway to conduct a global transcriptional analysis of additional putative signaling pathways and epigenetic
regulators dysregulated by TCDD exposure. This study highlights the
translational potential of hBMSCs in vitro to investigate the osteotoxic
and osteopromoting potential of pharmaceutical mediators and other
xenobiotics present in the environment.

1449 Thirdhand Smoke Increases Neural Stem Cell
Metabolism and Peroxisome Biogenesis

G. L. Pozuelos1, S. F. Schick2, and P. Talbot1. 1University of
California Riverside, Riverside, CA; and 2University of California,
San Francisco, San Francisco, CA.
Thirdhand smoke (THS) is the accumulation of residual cigarette smoke
on indoor surfaces. Exposure to THS can occur months after smoking
has stopped. Our prior work showed that THS increases stress-induced
mitochondrial hyperfusion, mitochondrial membrane potential, ATP
production, and superoxide production. The purpose of this study was
to further analyze the effect of THS on oxidative stress using an in vitro
model. Specifically, we first examined the response of mouse neural
stem cells (mNSC) to THS smoke by quantifying the levels of superoxide
dismutase 2 (SOD2) and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) using Western blots. Terry cloth, a common household fabric
was exposed to a total of 619 cigarettes over a 6 month period. After
exposure, THS chemicals were extracted from the terry cloth by incubating 0.1g of fabric/mL of cell culture medium. mNSC were treated
with THS extract in vitro and multiple endpoints were examined. 100%
extracts, but not 10% extracts, were initially toxic in the MTT assay, but
lost their toxicity with aging. Cells treated with 10% aged THS extract for
24 hours showed an 80% increase in SOD2 levels compared to controls
in two independent experiments. SOD2 plays a critical role in protecting
the cells from reactive oxygen species (ROS), hence these results correlate with our previous findings that showed an increase in ROS in THS
treated cells. 10% aged THS treatment also increased GAPDH levels compared to controls, suggesting that THS pollutants play a role in glucose
metabolism and promote increased glycolysis. Since peroxisomes function in mitigating cellular oxidative stress, we also analyzed the effect
of THS extracts on peroxisome biogenesis. mNSC were transfected with
a plasmid encoding a green fluorescent protein (GFP) fused to peroxisomal target signal 1 (PTS1) and were subsequently treated with 100%
aged THS extract. Cells treated 24 hours with this extract showed a sig-
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addition of toxic chemical-based calcium dyes. These methodologies
have also been applied to iPS-derived neurons in house (not shown).
These data demonstrate novel tools to standardize, reduce costs, and
greatly expedite drug safety screening in target organs of human origin
while reducing animal usage.

nificant increase in the area, number, and fluorescent intensity of peroxisomes, consistent with an increase in peroxisomal biogenesis. Taken
together, these results and our previous mitochondrial data show that
chemicals in THS increase oxidative stress leading to multiple effects on
organelle dynamics.

positive inotropic and chronotropic effects, such as isoproterenol (ISO)
and dobutamine, could be better assessed under controlled pacing conditions of hiPSC-CMs. In summary, our data show that beating amplitude is a good surrogate for contraction; pacing hiPSC-CMs at a fixed
rate would help to reveal direct effects on contraction; andImpedance
readout and pacing function provided by CardioECR system are valuable for assessing inotropic agents.

1450 Multi-Electrode Array Evaluation of Effects

of Amiodarone Alone or in Combination
with Sofosbuvir and Another Direct Acting
Antiviral Agent on Beat Rate and Conduction of
Human-Induced Pluripotent Stem Cell-Derived
Cardiomyocytes

H. Shi, M. Huang, W. Li, W. Humphreys, and P. Levesque. BristolMyers Squibb Company, Princeton, NJ. Sponsor: L. LehmanMcKeeman.
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A number of cases of serious slowing of the heart rate (HR) have
occurred in patients when amiodarone (AMD) is taken together with
sofosbuvir (SOF) and another direct acting antiviral agent (DAA),
including daclatasvir (DCV) and ledipasvir (LDV), for the treatment of
hepatitis C infection. AMD, but not the DAAs, when used alone have
been associated with bradycardia in the clinic. This study used hIPSC
cardiomyocytes (CMs) and multi-electrode array (MEA) technology to
investigate whether a pharmacodynamic interaction between AMD
and the DAAs may produce a more severe effect on HR compared to
when AMD is used alone. Beat rate (BR) and conduction velocity (CV) of
extracellular field potentials were recorded from monolayers of spontaneously beating hIPSC CMs on 9-well MEAs. AMD concentration-dependently reduced BR and CV, consistent with its known mechanisms
of action and clinical effects. SOF alone had minimal effects on BR and
CV, and LDV and DCV reduced BR and CV, but only at supratherapeutic
concentrations, consistent with the fact that these DAAs have not been
associated effects on HR or conduction in patients. A single concentration of AMD that produced minimally detectable effects on BR and CV
was used for combination studies. hIPSC CMs were treated with AMD
for 2 hours before DAAs were added. Two concentrations each of SOF,
LDV and DCV representing high therapeutic and supratherapeutic concentrations were evaluated in AMD combination experiments. Each
individual DAA augmented the effects of AMD on BR and/or CV, with
SOF having the largest effects followed by LDV and DCV. Combining
SOF with AMD also resulted in long pauses in spontaneous beating
that recovered within minutes. Combinations of SOF and LDV, or SOF
and DCV with AMD, produced minimal further reductions in BR and CV,
although the AMD, SOF and LDV combination produces longest pauses
in spontaneous beating of hIPSC CMs. The effects of AMD alone and
AMD together with SOF-containing DAA combinations were observed
at clinically relevant concentrations of test agents, recapitulating the
observed effects of combinations of AMD and these DAAs on HR in the
clinic. These data suggest that the most likely mechanism of interaction
for clinical bradycardia is a direct pharmacodynamic effect of AMD plus
SOF-containing DAA combinations on cardiomyocytes.

1451 Assessment of Positive Inotrpic Compounds

Using an Impedance-Based System with Human
iPSC-Derived Cardiomyocytes under Controlled
Pacing Conditions

X. Zhang, and Y. A. Abassi. ACEA Biosciences Inc, San Diego, CA.
Sponsor: C. Jin.
Understanding drug-mediated modulation of cardiac contractility is an
important question from both a therapeutic as well as safety/toxicity
angle. While one of the primary applications for which human iPSC-derived cardiomyocytes (hiPSC-CMs) are currently being evaluated is for
assessment of pro-arrhythmic compounds, we wanted to understand if
these cells can also be used for assessment of inotrpic compounds which
modulate contractility. The impedance-based cardiac contractility assay
has been systematically studied and validated previously (Scott et al.,
2014). While this assay showed comparable sensitivity and specificity
using hiPSC-CMs to the well-validated optical-based contractility assay
using adult dog cardiomyocytes (Harmer et al., 2012), it was unable to
delineate inotropic effects from chronotropic effects. In order to address
this limitation, we utilized xCELLigence RTCA CardioECR system, which
combines impedance measurement and electrical pacing in conjunction with hiPSC-CMs from different cell providers to evaluate the effect
of cardio-modulating compounds under pacing and non-pacing conditions. Our data clearly demonstrate that 1) hiPSC-CMs possess an
inherent negative beating rate and amplitude (the amplitude of impedance waveform) relationship. 2) Modulators of cardiac contractility
either increased or decreased beating amplitude depending on their
respective mechanism of actions. 3) Furthermore, the positive impact on
beating amplitude of positive inotropes especially the ones having both

1452 Usability of In Vivo Imaging System to Detect

Biodistribution of Human Mesenchymal Stem
Cells in Mice

Y. Numata, R. Nishikata, Y. Arimura, M. Haruyama, and A. Uchiyama.
Shin Nippon Biomedical Laboratories, Ltd., Kagoshima, Japan.
Sponsor: R. Nagata.
Background and Objective: In Vivo Imaging System (IVIS) can non-invasively visualize the localization of target cells in whole animal bodies
and organs by labeling the target with fluorescence. In this study, we
evaluated the usefulness of fluorescent imaging with IVIS as a simple
method for investigating the in vivo and ex vivo distribution of human
cell products in mice. Methods: Fluorescently labeled human mesenchymal stem cells were administered intravenously via the tail vein
at a dose of 2.0 × 107 cells/kg (5 mL/kg) to 8-week-old male NOD/Shiscid IL2rgnull (NOG) mice (n=3 for each necropsy). The whole body in
vivo images were acquired using IVIS at 1, 4, 8, and 24 hours post-dose
(pd), and 14 and 28 days pd. At 24 hours, and 14, and 28 days pd, the
animals were necropsied, and their organs were removed for ex vivo
imaging. After ex vivo imaging with IVIS, genomic DNA was extracted
from the tissues, and quantitative PCR (qPCR) measurements targeting
Alu sequence were also carried out. Immunohistochemical examination
targeting Ku80 antigen was performed. Results and Discussion: In whole
body in vivo imaging, high intensity fluorescence was observed in the
thoracoabdominal area of animals peaking at 4 to 8 hours pd, and was
gradually decreased thereafter. In organ ex vivo imaging, at 24 hours
pd, high intensity fluorescence was observed in its descending order
in the lung, liver, spleen, and femur. At 14 and 28 days pd, fluorescence
was observed, to a lesser extent, in the same organs compared to that
at 24 hours pd. These results suggest that IVIS can be a useful tool for
examining the in vivo and ex vivo distributions of human cells which
were administered intravenously to mice. We also report the results of
the comparative analysis with qPCR and immunohistology.

1453 Calcium and Mitochondrial-Based Assessment
of Kinase Inhibitors-Induced Structural
Cardiotoxicity in iPSC-Cardiomyocytes

X. Yang3, Q. Shi3, M. White3, L. Ren3, J. Zhang3, W. Mattes3, T.
Wakatsuki1, and T. Papoian2. 1InvivoSciences, Inc., Madison, WI;
2US FDA, Silver Spring, MD; and 3US FDA/NCTR, Jefferson, AR.
Cardiac adverse events often limit the utility of anticancer treatments.
Recently, many small-molecule kinase inhibitors (KIs) have been found
to produce cardiac dysfunction and heart failure in some cancer patients
over time. This study aims to evaluate iPSC-derived cardiomyocytes
(CMs) as a novel in vitro model to predict the severity of KI-induced
structural cardiotoxicity, which is related to morphological damage or
cytotoxicity. Using calcium mobilization and mitochondrial membrane
potential of iPSC-CMs as indicators of structural damage, we evaluated
31 KIs at concentrations ranging from therapeutic maximal blood concentrations (Cmax) levels to 30- fold Cmax levels, after 24h and 7day
treatments. Our data is showing a positive predictive power (PPV) of
80% and negative predictive power (NPV) of 50% in predicting human
KI cardiotoxicity as defined by product labeling. Among the 23 KIs with
cardiac liabilities, 20 drugs, including the 3 TKIs (nilotinib, vandetanib
and ponatinib) with black box warnings for cardiotoxicity, significantly
affected the beating amplitude and 18 caused mitochondrial damage.
Conversely, gefitinib, cabozantinib and tofacitinib had no effect on both
parameters, corresponding to their non-cardiotoxic profile in the clinic.
These data suggest that human iPSC-CMs are a relevant cell model with
the potential to improve structural cardiotoxicity prediction in human
in the future.

Mesenchymal Stem Cells in Mouse Tissues

Y. Arimura, Y. Okawa, A. Suzuki, T. Yoshifuku, Y. Numata, S.
Kohara, A. Uchiyama, and T. Jikuzono. Shin Nippon Biomedical
Laboratories, Ltd, Kagoshima, Japan. Sponsor: R. Nagata.
Background and Objective: In the preclinical safety evaluation of human
cell products, it is important to understand the biodistribution of the test
article in animal models. In this study, we examined the distribution of
human mesenchymal stem cells (hMSC) in NOD/Shi-scid IL2rgnull (NOG)
mice using a quantitative PCR method (qPCR) with 3 different primer
sets, and compared their sensitivities. Methods: A suspension of hMSC
was administered intravenously via the tail vein at a dose of 2.0 × 107
cells/kg (5 mL/kg) to 8-week-old male NOG mice (n=3/day of necropsy).
At 24 hours and 14 and 28 days after dosing, the animals were necropsied, and their tissues were harvested. The total DNA was extracted from
the various tissues, and qPCRs targeting 3 different sequences were performed using the extracted DNA as templates. The number of hMSC distributed in each tissue was calculated based on the copy number of targeted sequences in a sample obtained from qPCR. Among 3 primer sets
evaluated, 2 sets target multiple copy genes (Alu or X), and 1 set targets
single copy gene. Results and Discussion: Human genome contains 105
to 106 copies of Alu sequences. In the Alu-targeted qPCR, the hMSC-derived DNA was detected in the lung and liver at 24 hours and 14 days
after dosing. However, the qPCR targeting single copy gene could not
detect the hMSC-derived DNA in any tissues at any time point. These
results suggest that the copy number of primer-targeting sequence in
human genome may affect the sensitivity of qPCR assays. In this study,
we discuss the trend of the background signal increase relative to the
copy number of targeting sequence in human genome and its effect on
the assay sensitivity.

1455 Ocular Tolerability of iPSC-Derived RPE

following Subretinal Administration in RNU
Nude Rats

P. J. Sonnentag1, E. Budzynski1, B. Christian1, T. M. Nork3,4,, P. E.
Miller3,4,, S. Sorden1, A. Maminishkis2, V. Khristov2, B. S. Jha2, and K.
Bharti2. 1Covance Laboratories, Inc., Madison, WI; 2NIH, National
Eye Institute, Bethesda, MD; 3OSOD, LLC, Madison, WI; and
4University of Wisconsin, Madison, WI.
Dysfunction of retinal pigment epithelial cells (RPE) is a key factor in
development of age related macular degeneration. RPE support photoreceptor function, and degeneration of RPE leads to retinal degeneration
and vision loss. RPE replacement therapy has the potential to stop such
degeneration. This study evaluated the ocular tolerability of induced
pluripotent stem cell (iPSC)-derived RPE and confirmed the tumorigenicity of undifferentiated iPSC following subretinal injection in rats. Male
Crl:NIH-Foxn1rnu rats were administered vehicle, scaffold formulation,
or iPSC-derived RPE at 100,000 cells/eye in scaffold formulation via subretinal injection and observed for 4 weeks. Body weight, food consumption, clinical observations, and slit lamp bio-microscopy, indirect ophthalmoscopy, and histological evaluation of the eyes were performed.
A separate group of rats was administered iPSCs and evaluated over a
10 week period. iPSC-derived RPE in scaffold formulation were generally
well tolerated in the eye and had no effect on general health. At 4 weeks,
pigmented cells were observed in the subretinal space in H&E stained
sections of iPSC-derived RPE administered eyes. These cells were immunopositive for human cell (STEM121) and/or RPE (PMEL17) markers. Cells
within the native RPE layer were sometimes also positive for human cell
and/or RPE markers. In eyes where only iPSCs were administered, tumor
formation was seen, characterized by protruding and/or opaque eyes
with intraocular masses and masses distorting eyes on ophthalmic evaluation. Microscopic features of masses were consistent with teratoma,
and the neoplastic cells were positive for STEM121 and Ki67. In conclusion, subretinal administration of 100,000 iPSC-derived RPE in scaffold
formulation to eyes of male Crl:NIH-Foxn1rnu rats was well tolerated
with no adverse microscopic findings. Features of iPSC-derived RPE
including intracytoplasmic pigment and positive staining for human cell
and RPE markers were confirmed. STEM121 positive teratomas developed following administration of iPSCs confirming that this model can
be used for tumorigenicity studies for iPSC-based therapies.

1456 Mesenchymal Stem Cells Contribute to Hepatic

Maturation of Human-Induced Pluripotent Stem
Cells

H. Yagi1, C. Takagi1, O. Itano1, M. Hieda1, K. Tajima1, T. Hibi1, Y.
Abe1, M. Kitago1, M. Shinoda1, J. Wirtz2, T. Perry3, M. Inamura2, and
Y. Kitagawa1. 1Keio University School of Medicine, Tokyo, Japan;
2ReproCELL Company, Yokohama, Japan; and 3ReproCELL USA
Inc., Lexington, MA.
Induced pluripotent stem cells (iPSCs) are human somatic cells that
have been reprogrammed to a pluripotent state. Several methods have
been used to generate hepatocyte-like cells from iPSCs. However, these
hepatic cells have limited clinical application because of their immature function compared to primary hepatocytes. Mesenchymal stem
cells (MSCs) have been reported to inhibit apoptosis of hepatic cells
and to improve hepatic regeneration in acute liver injury. Therefore,
we expected that MSCs had the potential to positively contribute to
the maturation of hepatic cells. To demonstrate this, MSCs were isolated from human bone marrow and cultured to near confluence. MSCconditioned hepatocyte maturation medium (MSC-CM) was prepared
by incubation of the near confluent MSC cultures with ReproHepato
medium (ReproCELL Inc.) for 48 hours. Then, human iPSC-derived hepatoblasts were cultured for 6 days with the MSC-CM. Hepatic functions
were analyzed and compared to those from cells cultured in general
maturation medium. Cells in both groups had a cuboidal morphology
typical of hepatocytes. The proportion of Oct4- positive cells was
decreased and those of albumin- and alpha-fetoprotein-positive cells
were increased in the MSC-CM group. Albumin secretion and urea synthesis as well as cytochrome P450 (CYP) 3A4 activity were also enhanced
in the MSC-CM group. The gene expressions of some CYP enzymes were
upregulated as demonstrated by RT-PCR. From these data, we propose
that secreted molecules from human MSCs could enhance the hepatic
function of human iPSC-derived hepatocyte-like cells. Although more
technological innovations are needed, MSC-CM will be useful as a novel
efficient strategy for clinically relevant hepatic cell maturation.

1457 A Multidimensional High-Throughput Approach
for Toxicity Evaluation of Environmental
Chemicals in Induced Pluripotent Stem CellDerived Endothelial Cells

Y. Iwata, W. Klaren, F. Grimm, and I. Rusyn. Texas A&M University,
College Station, TX.
Endothelial cells (ECs) play a major role in blood vessel formation and
function. While chemical exposures have been shown to adversely
affect EC function and blood vessel development, resulting in cardiovascular and developmental effects, large numbers of environmentally
relevant chemicals have yet to be evaluated for their potential to exert
vascular effects. Recent advancements in the development of stem cell
technologies have resulted in the availability of human induced pluripotent stem cell (iPSC)-derived ECs that may provide a physiologically-relevant, high-throughput applicable in vitro model for toxicity screening
of environmental hazards and open a possibility of testing effects across
a population of individuals. In this work we aimed to develop a highthroughput screening approach, encompassing functional vascularization and cytotoxicity assays for the multidimensional evaluation of
chemical effects on endothelial cell using iPSC-derived ECs and human
umbilical vein endothelial cells (HUVECs). Cells were exposed to selected
angiogenesis inhibitors, cytotoxic agents and vehicle in concentration-response for either 16 or 24 hours in high-throughput compatible
384-well plate format. Chemical inhibition of vascularization was quantified using EC tube formation on biological (Geltrex®) and synthetic
(SP-103 Angiogenesis Hydrogel, Stem Pharm) extracellular matrices.
Bioactivity was assessed by high-content live cell imaging of EC monolayers cultured on fibronectin-coated plates. Assay performance validation indicated good to excellent assay robustness, sensitivity, and replicability for both cell types based on evaluation of inter-day and -plate
replicability, coefficients of variation (%CV) of vehicle controls, and
Z’-factor calculation using positive and negative chemical controls. Our
data demonstrate that both iPSC-derived ECs and HUVECs formed tubes
on Geltrex® and Angiogenesis Hydrogel that could be affected in a concentration-dependent manner by various angiogenesis inhibitors and
cytotoxic agents. In conclusion, in vitro vascularization and cytotoxicity
assays were successfully established in a high-throughput compatible
format that will enable evaluation of a large number of environmentally
relevant chemicals for their potential effects on angiogenesis.
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1458 Investigating Drug-Induced Cardiomyocyte
Dysfunction through Combined Analysis
of Beating, Metabolic Flux, and Cellular
Oxygenation
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1461 Rna-Seq-Based Toxicogenomics Shows Limited

Impact of E-Cigarette Vapor on Airway Cells
Compared with Cigarette Smoke when Matching
for Nicotine Delivery

C. Carey1, C. Bertinetti-Lapatki2, A. Roth2, and J. Hynes1. 1Luxcel
Biosciences, Cork, Ireland; and 2Roche Innovation Center, Basel,
Switzerland.

L. Haswell, A. Baxter, A. Banerjee, J. Mushonganono, J. Adamson,
D. Thorne, M. Gaca, and E. Minet. British American Tobacco,
Southampton, United Kingdom.

Stem cell derived cardiomyocytes are finding increased use as an in vitro
model for the assessment of drug-induced cardiotoxicity, prompting
a parallel development in multi-parametric high-throughput assays to
measure cardiomyocyte function. Metabolic perturbations are of particular importance in this regard due to the aerobic poise of cardiac
tissue and the implication of mitochondrial dysfunction in the etiology
of drug-induced cardiotoxicity. Here we combine measurement of
cardiomyocyte contractility, metabolism and oxygenation on a single
plate to better characterise cellular responses to drug treatment. This
is achieved by integrating microelectrode-based contractility measurements (E-plates) with a multiplexed fluorescence-based bioenergetics
assessment, measuring O2 consumption (MitoXpress®-Xtra), glycolytic
flux (pH-Xtra) and cellular oxygenation (MitoXpress®-Intra). This combination facilitates an interrogation of the relationship between metabolism and contractility, allowing a delineation of altered beat rate and
concomitant metabolic perturbation. Using a panel of classical mitochondrial modulators (incl. antimycin, rotenone and FCCP), data are presented demonstrating that iPS-derived cardiomyocytes can circumvent
mitochondrial impairment and maintain beating by increasing glycolysis-derived ATP supply. This effect is less pronounced when glucose
is replaced by long chain fatty acids (oleate) as respiratory substrate,
important as fatty acid oxidation can be responsible for up to 90% of
cardiac ATP requirements. Data is also presented demonstrating that
pharmacological beat rate modulation (Isoproterenol, Amiodarone,
Nifedipine) impacts metabolic flux with increasing beat rate increasing
ATP demand causing increased OxPhos. Beat rate is also seen to significantly impact cellular oxygenation with elevated rates causing oxygenation to drop from 21% to 6% O2, a drop that can impact related signalling pathways. Again these differences are modulated by metabolic
substrate. This combined analysis of critical cardiomyocyte functions
facilities the design of more physiologically relevant in vitro assays and
provides a more holistic cardiotoxicity screen.

Introduction: There is increasing evidence from in vitro testing that
electronic cigarettes (e-cigarettes) cause minimal damage to cell
systems, however some studies reported cytotoxicity and inflammatory responses. These discrepancies arise from the use of different cell
models, products, exposure matrices, times, and doses. Ideally, a comprehensive in vitro assessment of e-cigarettes should use a relevant cell
model and a well-considered exposure strategy. Aim: In this study we
compared the transcriptional response of a primary 3D airway model
(MucilAir) exposed for one hour to e-cigarette (Vype ePen) vapor and
smoke from a reference combustible cigarette (3R4F). The originality
of this work is a careful consideration for the dose where instead of
matching the exposure between different products based on puff
number, we used nicotine as a surrogate for dose matching. Results: The
average nicotine delivered to the cells from 3R4F smoke at a 1:30 dilution was matched at a dilution of 1:7 for the e-cigarette. One additional
e-cigarette dilution of 1:3 was also tested for higher nicotine delivery.
RNA was extracted for RNA-seq from the tissues at 24hrs and 48hrs post
exposure. 873 and 205 RNA features were differentially expressed for
3R4F smoke at 24hrs and 48hrs post exposure using a pFDR<0.01 and
a fold change>2 threshold, respectively. Differentially expressed RNA
from e-cigarettes (49 RNA at 1:7 dilution and 113 RNA at 1:3 dilution)
could only be identified using a looser threshold of pFDR<0.05, no fold
change filter, and by pooling the two time points to increase statistical
power. Gene set enrichment analysis revealed a clear response from
lung cancer and fibrosis associated genes after 3R4F smoke exposure.
Using the less robust thresholds, glucagon metabolism pathway and
processes relating to the extracellular matrix were identified for e-cigarette exposures, albeit with a low degree of confidence. Conclusion:
Based on equivalent or higher nicotine delivery, an acute exposure to
Vype ePen vapor has very limited impact on gene expression compared
to 3R4F smoke exposure.
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1459 Genome-Wide Transcriptomic and Epigenomic
Alterations of Cardiac Differentiation Derived
from Human Stem Cells upon Developmental
Drugs Exposure

1462 Profiling Nrf2-Regulated Mitochondria-

Specific Transcriptomics in Blood-Brain Barrier
Endothelium: Towards a Mechanistic Insight into
Drug Toxicity

Q. Liu, H. Wu, C. Jiang, K. Van Bortle, A. Narasimha, Y. Li, J. C. Wu,
and M. P. Snyder. Stanford University, Palo Alto, CA.

R. K. Sajja1, S. Prasad1, V. Vijay2, V. Desai2, and L. Cucullo1. 1Texas
Tech University Health Sciences Center, Amarillo, TX; and 2US FDA/
NCTR, Jefferson, AR.

Maternal drug exposure during pregnancy increases the risks of congenital heart defects. However, the mechanism(s) underlying early-onset
cardiac developmental defects upon maternal drug exposure are still
largely unknown. In the present study, a human stem-cell-based system
was used to investigate the impacts of drug exposure on cardiomyocyte
(CM) differentiation, using an omics-centric approach in which transciptomics and epigenomics were profiled. Specifically, both human stem
cell lines (hiPSC and hESC) were differentiated into CMs upon exposure
to several categories of drugs at their lowest-observed-adverse-effect
levels (LOAELs) or therapeutic levels. These drugs were classified as pregnancy category C, D or X by US FDA, including: 1) immunosuppressant
drugs (tacrolimus and mycophenolic acid); 2) cancer therapeutic drugs
(imatinib, sunitinib and vandetanib); and 3) drugs well-known to induce
birth defects (thalidomide and isotretinoin). Based on Ca2+-transient
imaging analysis, the Ca2+-handling properties and contractility (such
as transient amplitude, beating rate, maximum rising rate and transient
durations) of differentiating CMs were significantly altered by developmental drugs exposure. Integrative analyses of genome-wide transcriptomic and chromatin-landscape alterations reveal that the drugs used
for the study exhibited specific transcriptional regulation mechanisms.
Drug-specific gene co-expression networks were identified based on
gene expression patterns, and several novel genes (including long noncoding RNAs, lncRNAs) were determined with high connectivity within
different networks, suggesting these genes may play important roles in
drug-mediated dysregulation of targeted genes (such as TNNT2) that
are related to regulation of calcium handling, ion channels and sarcomere myofilament proteins. In addition, transcription factor (TF)-motif
enrichment patterns and alterations in genome-wide binding events for
these TFs (such as GATAs) reveal drug-specific transcriptional regulatory
mechanisms. This study provides new insights into regulation of CM
differentiation by developmental drug exposure, which leads to defects
in cardiac functions.

Previously, we confirmed the critical role of Nrf2, a major regulator of
cellular redox balance, in blood-brain barrier (BBB) integrity. Further,
Nrf2 dysfunction underlies antiretroviral drug-induced oxidative stress
and BBB mitochondrial toxicity. In this study, our objective was to understand how Nrf2 regulates mitochondrial function/bioenergetics that is
imperative for a mechanistic insight into drug-induced BBB toxicity. We
used an in-house developed mouse MitoCHIP (Agilent microarrays) to
profile mitochondria-specific gene networks regulated by nuclear and
mt-DNA, following Nrf2 activation by sulforaphane (SFN, 0-5µM) in
b.End3 cell line. Results were validated by qRT-PCR, immunoblots and
ICC in b.End3 cell line, mouse/human primary BBB endothelial cells. SFN
(5µM) potentiated Nrf2 and NQO1 expression, ATP, and mitochondrial
membrane potential. Gene ontology clustering revealed that SFN (24h)
significantly and dose-dependently up-regulated ~50 key genes (>1.5
fold, p<0.0001) and repressed 20 genes (<0.7 fold, p<0.0001) belonging
to oxidative stress, phase1 & 2 enzymes (glutathione system), SLC and
ABC transporter families including glycolysis, OXPHOS, amino acid/lipid
metabolism and mitochondrial biogenesis pathways. In addition, SFN
promoted GLUT1 expression and glucose uptake in mouse and human
BBB in vitro. Mainly, our data demonstrated a novel and Nrf2-dependent
regulation of mitochondrial iron exporter, Slc40a1, in BBB endothelium.
As, Slc40a1 prevents iron overload and toxicity, we further tested its
importance in vorinostat (SAHA) induced BBB toxicity. SAHA (1-5µM)
exposure resulted in a dose-and time-dependent (24-72h) decrease in
cell viability (ATP) that strongly correlated with the decline in Slc40a1
expression (vs. controls). In summary, this study established the bioenergetic role of Nrf2 in regulation of mitochondrial dynamics/metabolic
pathways at BBB endothelium and also identified Slc40a1 as a novel
target in vorinostat-induced BBB toxicity. Additional experiments to
explore the epigenetic mechanisms of SAHA-induced Nrf2 dysfunction
and mitochondrial toxicity are currently in progress. (Supported in part
by ARDF and R01-DA029121-01A1 to LC)

Organotypic Culture for Toxicological Studies

H. Ardalani2, V. V. Kelley1, S. Sengupta1, W. L. Murphy3, and J.
A. Thomson1. 1Morgridge Institute for Research, Madison, WI;
2University of Wisconsin, Madison, Madison, WI; and 3Wisconsin
Institute for Medical Research, Madison, WI.
The liver is the primary site for drug metabolism, and cultured hepatocytes are indispensable for drug development and toxicity testing.
Traditionally, liver slices, microsomes, and primary hepatocytes are
used for such purposes, but a large gap exists between demand and
availability of primary human hepatocytes. This problem of availability
is further complicated by dedifferentiation of primary cells in vitro. The
advent of hepatocytes derived from induced pluripotent stem (iPS) cells
and embryonic stem cells may help close that gap, but they function
more like fetal hepatocytes than mature cells and do not display many
metabolic behaviors. Here, we have created a three-dimensional vascularized organotypic culture system that incorporates endothelial cells,
stellate cells, and cholangiocytes as well as hepatocytes, thus mimicking
the liver microenvironment. In this model, we investigated the effect of
the addition of each of the mentioned cell types on the maturation of
iPS-derived hepatocytes and metabolic behavior. We tried to address
the question, What is the minimum number of non-parenchymal cells
necessary to recapitulate the function of the liver acinus? while keeping
the system simple and high throughput at the same time. Our model is
amenable to adaptation for high throughput screening platforms, and
it is physiologically more relevant as it recapitulates the in vivo niche
and helps maturation of iPS-derived hepatocytes. Thus, we present an
improved culture system of iPS-derived hepatocytes that would be
useful for drug development.

1464 The Function and Molecular Mechanisms of

miR-29b on the Effects of Titanium Dioxide
Nanoparticles in Macrophage RAW264.7 Cells

G. Liang. Southeast University, Nanjing, China. Sponsor: J. Han.
Based on the analysis of microRNAs (miRNAs) expression profile of
RAW264.7 cells by TiO2 nanoparticles (nano-TiO2), we further investigated the biological function and regulation mechanism of miR-29b in
the cytotoxicity of nano-TiO2 in this study. RAW264.7 cells were treated
with 100μg/ml nano-TiO2. The expression of miR-29b was detected
by qRT-PCR and compared with sequencing results. DIANA-mirPath
was used to analyze the role of miR-29b in the signaling pathways. To
characterize the miR-29b function, miR-29b mimic was transfected
into RAW264.7 cells to increase miR-29b expression. MTT and Flow
Cytometry were performed to detect cell proliferation, cell cycle and
apoptosis, respectively. Finally, qRT-PCR, Western Blot and Luciferase
assays were applied to detect expression of the putative target gene of
miR-29b. The results showed that the miR-29b expression of treatment
group was up to 2.5 times, which was consistent with the sequencing
results (2.19 times). Through the bio-informatics analysis, miR-29b was
found to play an important role in apoptosis-related pathways, and
Nfat5 was the putative target gene of miR-29b. The apoptosis rate of
treatment group was significantly higher than negative control group
(p<0.05). Cell proliferation and cell cycle had no significant differences
between negative control group and treatment group. Compared with
negative control group, the level of Nfat5 protein and the expression
of 3’UTR constructs of Nfat5 were significantly decreased in treatment
group (p<0.05). The results suggested miR-29b may promote RAW264.7
cell apoptosis through the negative regulation of Nfat5 gene. Our results
could provide a basis for further understanding of toxicity and possible
mechanisms of nano-TiO2 exposure.

1472 DNA Damage Potential of Engine Emissions
Measured In Vitro by Micronucleus Test in
Human Bronchial Epithelial Cells

A. Rossnerova2, T. Cervena2, J. Sikorova2, V. Beranek1, M. VojtisekLom1, M. Ciganek3, J. Topinka2, and P. Rossner2. 1Czech Technical
University, Prague, Czech Republic; 2Institute of Experimental
Medicine, Czech Academy of Sciences, Prague, Czech Republic; and
3Veterinary Research Institute, Brno, Czech Republic.
Internal combustion engine emissions belong among the major
anthropogenic sources of air pollution in urban areas. According to the
International Agency for Research on Cancer (IARC) there is sufficient
evidence of the carcinogenicity of diesel exhaust in humans. Although
alternative fuels, mainly biodiesel, have recently become popular, little
is still known about the genotoxicity of emissions from these fuels. We
analyzed DNA damage expressed as the frequency of micronuclei (MN)

in human bronchial epithelial cells (BEAS-2B), induced by extractable
organic matter (EOM) obtained from particle emissions from various
blends of biodiesel with diesel fuels (including neat diesel fuel (B0), a
blend of 70 % B0 and 30 % biodiesel (B30), and neat biodiesel (B100)).
We also tested the effect of selected diesel exhaust organic/genotoxic
components [benzo[a]pyrene (B[a]P); 1-nitropyrene (1-NP); 3-nitrobenzanthrone (3-NBA)]. The cells were treated with the compounds for
28h and 48h. Our results showed that most of the tested compounds
significantly increased MN frequency. The genotoxicity of EOMs from
the engine emissions of diesel and biodiesel engines were comparable.
Both nitro-PAHs compounds demonstrated higher genotoxic potential
in comparison with B[a]P. Considering our results and due to increasing
popularity of alternative fuels, it is prudent that the potential genotoxic
effects of various fuels are investigated across engine technologies
and operating conditions in a relevant model system. Supported by the
Ministry of Education Youth and Sports CR (#LO1508 and #LO1311);Czech
Science Foundation (#13-01438S); by the Research Infrastructure
NanoEnviCz, supported by the Ministry of Education, Youth and Sports of
the Czech Republic (# LM2015073); and by MZE RO-0516 project.

1473 Research on Influence of CYP450 to Hk-2 Cell
Apoptosis Induced by Ola

B. Li. National Institute of Occupational Health and Poison Control,
Chinese Center for Disease Control and Prevention, Beijing, China.
Sponsor: L. Fu.
Objective: Renal tubular epithelial cell were exposed to olaquindox
and CYP450 inhibitors and were detected the cell activity and ROS, in
order to screen and determine the major CYP450 isozymes Methods:
(1) Olaquindox toxicity was tested by using human renal epithelial
cells (HK-2) as model in vitro. The metabolism environment in vivo simulated by adding the liver microsomal mixed enzymes (S9) into HK-2
cell culture system. The inhibitors were added into HK-2 cell culture
system respectively to form different activity inhibition situation for
CYP450 isoenzymes. The cytotoxicity of olaquindox alone and the combination of olaquindox with inhibitors were determined by inhibition
of cell proliferation (MTT) test and ROS detect test. Results: Under the
circumstances of adding α-naphthoflavone/4-methylimidazole without
obvious cytotoxicity into the HK-2 culture system, there was a significant difference between OLA+α-naphthoflavone/4-methylimidazole
+S9 group and OLA+S9 group. Compare with OLA+S9 group, OLA+αnaphthoflavone/4-methylimidazole +S9 can significantly enhanced the
proliferation inhibition of OLA on HK-2 cell (P<0.05), the relative multiples of inhibition increased. The results showed thatα- naphthoflavone
/4-methylimidazole may influence OLA cytotoxicity through inhibiting
the activity of CYP1A/ CYP2E1. Conclusion: CPY1A and CPY2E1 were the
major CYP450 isozymes that affected the metabolic activation and ROS
production of OLA.

1474 Male Cyp2b9/10/13-Null Mice Are Susceptible to
Diet-Induced Obesity

R. Kumar, T. W. Boswell, M. S. Rutledge, and W. S. Baldwin.
Clemson University, Clemson, SC.
CYP2B metabolizes more than 25% of drugs available in the market, a
number of environmental toxicants such as pesticides and plasticizers,
and endobiotics such as unsaturated fats and steroids. Recent studies
using the cytochrome P450 oxidoreductase knockout mouse treated
with unsaturated fatty acids shows activation of CAR and a profound
increase of Cyp2b10 presumably to ameliorate hepatic lipid accumulation. Data from our laboratory using RNAi-mediated Cyp2b-knockdown
mouse indicated that the older knockdown mice were heavier and
contain greater serum lipid concentrations, especially males. To investigate the role played by CYP2B in lipid metabolism we have developed
a CYP2B triple knockout lacking Cyp2b9, 10 and 13 using CRISPR/Cas9.
We treated them with a 60% fat diet (HFD) for 10 weeks and weight gain,
glucose tolerance, insulin tolerance, white adipose tissue, and liver triacylglycerol was examined. We also evaluated changes in key serum lipid
homeostasis biomarkers such as adiponectin, leptin, β-hydroxybutyrate,
alanine aminotransferase, cholesterol, triglycerides, HDL, LDL and VLDL.
Male but not female Cyp2b9/10/13-null mice weigh approximately 15%
more than WT counterparts fed a HFD, primarily due to an increase in
white adipose tissue. Serum parameters indicate increased β-hydroxybutyrate in Cyp2b-null HFD-fed mice, a marker of ketoacidosis. In addition, leptin, adiponectin, and cholesterol were increased in HFD-fed
Cyp2b-null male mice compared to HFD-fed WT mice. Cholesterol, primarily due to increased HDL is increased in both normal diet and HFD
fed male and female mice. Liver triglycerides were significantly higher
than their similarly treated WT counterparts (ND and HFD), indicating a
role for Cyp2b in fatty acid metabolism regardless of diet. This probably
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contributed to the lower levels of triglycerides in Cyp2b-null mice. We
are currently determining changes in lipid metabolism genes such as
CPT1a, PPARg, PPARa and SREBP1 levels. Overall our data indicates that
the repression or chemical inhibition of CYP2B may exacerbate metabolic disorders and cause obesity.

1475 Mechanistic Role of Cytochrome P450 1B1 in
Hyperoxic Lung Injury

Veith1,

A. C.
W.
L.
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K.
X.
Couroucli1, and B. Moorthy1. 1Baylor College of Medicine,
Houston, TX; and 2Texas A&M University Health Science Center,
Houston, TX.
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Rationale: Supplemental oxygen is a life-saving intervention provided
to individuals suffering from respiratory distress, including adults with
acute respiratory distress syndrome (ARDS) and bronchopulmonary dysplasia (BPD) in newborns. However, supplemental oxygen can create
a hyperoxic environment which can lead to pulmonary injury, in part
due to increased oxidative stress. There are many molecular and biochemical mechanisms which regulate reactive oxygen species and oxidative stress, but previous studies have shown the importance of cytochrome P450 1A1 and 1A2 (CYP1A1/1A2) as well as the aryl hydrocarbon
receptor (AHR) in protecting against hyperoxic lung injury. Hypothesis:
We tested the hypothesis that adult mice lacking cytochrome P450 1B1
(CYP1B1) would be more susceptible to hyperoxic lung injury and that
CYP1B1 contributes to hyperoxia-induced toxicity. Methods: Ten week
old C57BL/6 (WT) and Cyp1b1-/- male mice were exposed to hyperoxia
(>95% oxygen) for 24-72 hours or in room air. Lung weight changes
were used to quantify lung injury. Lipid peroxidation and oxidative DNA
damage were measured by mass spectrometry and 32P-postlabeling and
used as markers of oxidative stress. Western blot and qPCR were used
to quantify protein and RNA CYP1 expression. Results: We found that
Cyp1b1-/- mice had significantly lower normalized lung weights after
48 (P=0.04) and 72 hours (P=0.017) of hyperoxia exposure, indicating
reduced lung injury. We also found that Cyp1b1-/- mice have lower pulmonary isofurans (P=0.0331) and oxidative DNA adducts (P=0.0157)
after 24 hours of hyperoxia. We discovered that Cyp1b1-/- had increased
CYP1A1 (P=2.9x10-05) RNA expression during hyperoxia time points and
increased CYP1A2 (P=0.016) RNA expression after 48 hours of hyperoxia. Conclusions: Our results support our hypothesis that CYP1B1 contributes to hyperoxic lung injury, possibly by altering the response to
oxidative stress and/or increasing AHR-dependent transcription. Future
studies will be used to further elucidate the mechanism underlying
these observations and determine the viability of CYP1B1-directed therapeutics to treat and/or prevent ARDS/BPD.

1476 Comparative Analysis of Toxicokinetics and

Toxicodynamics of Trichloroethylene in
Cytochrome P450 2E1 Knockout and Humanized
Transgenic Mice

Y.-S. Luo1, H. S. Yoo2, A. Venkatratnam2, J. A. Cichocki1, S. Furuya1,
and I. Rusyn1. 1Texas A&M University, College Station, TX; and
2University of North Carolina at Chapel Hill, Chapel Hill, NC.
Trichloroethylene (TCE), a widely used industrial chemical, is a ubiquitous environmental contaminant and a known carcinogen. Toxicity of
TCE is associated with generation of oxidative and glutathione conjugation metabolites. Upon absorption, TCE can be metabolically activated by cytochrome P450s (CYPs), and then subsequently converted
to trichloroacetic acid (TCA) and trichloroethanol (TCOH). This oxidative pathway is qualitatively similar across species; however, important
quantitative differences exist. It is thought that CYP2E1 is a major contributor to TCE oxidation; however, inter-species differences in the
contribution of CYP2E1 to TCE metabolism and toxicity are not well
understood. Therefore, the role of CYP2E1 in metabolism and toxicodynamic effects of TCE was investigated using male and female wildtype [Sv129], Cyp2e1 knockout [Cyp2e1(-/-)], and humanized Cyp2e1
[hCYP2E1] mice. It was hypothesized that CYP2E1 status would determine the extent of oxidative metabolism of TCE which in turn will have
pronounced impact on the toxicity of TCE. Liver, kidney, and serum were
collected 5 hours after treatment with TCE (600 mg/kg, p.o.) or vehicle (5
% alkamuls EL-620 in saline). The amounts of TCA formed in liver, kidney,
and serum of TCE-treated animal in both sexes was hCYP2E1 > wild type
> Cyp2e1(-/-), concordant with hepatic CYP2E1 protein levels. Levels
of TCOH exhibited weak trends as Cyp2e1(-/-) > hCYP2E1 ≈ wild type in
liver and kidney of male, but not female mice. Compared to sex- and
strain-matched vehicle-treated controls, male hCYP2E1 mice displayed
a significant upregulation of hepatic Acox 1 and Cyp4a10, which are
regulated by peroxisome proliferator-activated receptor alpha. In conclusion, our results demonstrate that CYP2E1 is an important, but not

exclusive player in the oxidative metabolism of TCE in vivo. Inter-species
and inter-individual differences in expression and activity of CYP2E1
may contribute to quantitative differences in TCE metabolism; however,
other metabolizing enzymes may also contribute to the adverse health
effects associated with exposure to TCE.

1477 The Impact of Hepatic P450-Mediated

Metabolism of Inhaled Naphthalene on
Pharmacokinetics of Naphthalene and
Naphthalene-Glutathione in Mice

N. Kovalchuk1, Q.-Y. Zhang1, L. Van Winkle3, and X. Ding2. 1New
York State Department of Health and State University of New York
at Albany, Albany, NY; 2SUNY Polytechnic Institute, Albany, NY;
and 3University of California at Davis, Davis, CA.
Naphthalene (NA) is an omnipresent air pollutant and respiratory toxicant. NA-induced cytotoxicity requires bioactivation by CYP (P450)
enzymes. Human CYP2A13 and CYP2F1, both expressed preferentially
in the respiratory tract, are active in NA bioactivation in CYP2A13/2F1humanized mice, where they contribute to NA-induced toxicity. The
aim of this study is to examine the impact of hepatic NA metabolism
on pharmacokinetics of inhaled NA and its main in vivo metabolite
NA-glutathione (NA-GSH), a biomarker for NA bioactivation. We first
compared wild-type (WT) and liver-specific P450 reductase null (LCN)
mice. The loss of hepatic microsomal NA metabolism in the LCN mice
was accompanied by increases in plasma and lung levels of NA following
a single 4-h nose-only inhalation exposure to NA (10 ppm); however,
plasma levels of NA-GSH were also elevated in LCN mice, compared to
WT mice. The ratio of NA-GSH to NA in the plasma was much higher in
LCN than in WT mice. In contrast, the ratio in mice exposed to NA via i.p.
injection had a large decrease in LCN vs WT mice. These results suggest
that plasma NA-GSH level is more reflective of NA bioactivation in the
lung (vs liver) following inhalation exposure. To determine the impact of
hepatic NA metabolism on NA bioactivation by lung CYP2A13/2F1, we
further compared “CYP2A13/2F1-humanized” mice (which have global
knockout of all Cyp2a, 2b, 2f, 2g, and 2s genes, but expression of human
CYP2A13/2F1 transgene in the respiratory tract) and “CYP2A13/2F1humanized/LCN” mice (which are identical to CYP2A13/2F1-humanized,
except for the additional loss of all hepatic microsomal P450 activities).
Plasma levels of NA were much higher in CYP2A13/2F1-humanized/LCN
mice than in CYP2A13/2F1-humanized mice following inhalation exposure to NA at 10 ppm. In conclusion: 1) hepatic P450 enzymes outside
the Cyp2abfgs subfamilies are important for the systemic clearance of
inhaled NA, and 2) suppression of hepatic P450 activity, which may
occur in patients with liver diseases, can lead to increased bioactivation
of inhaled NA in the lung. (Supported in part by NIH grant ES020867)

1478 AhR Activating Potency, Metabolism and Impact
on CYP1A1/2 Activity of Microbial Phenazine
Derivatives (PD)

R. Schulte-Hubbert, J. Fuhlbrueck, A. Cartus, and D. Schrenk.
University of Kaiserslautern, Kaiserslautern, Germany.
PD are produced by pathogenic bacteria e.g. Pseudomonas spp. and
Streptomyces spp. Being virulence factors, PD play an important role in
related infectious diseases. Recent data show that certain PD are ligands
of the AhR. [1] The hypothesis was tested if PD are also substrates of
AhR-dependent metabolizing enzymes by investigating their microsomal metabolism and their impact on CYP1A1/2 gene expression
and enzyme activity. Therefore we selected phenazine (P) and the PD
1-hydroxyphenazine (1HP), phenazine-1-carboxylic acid (PCA), and pyocyanin (PYO) and tested these compounds in primary rat hepatocytes
(pRH) and HepG2 cells. AhR inducing potencies were investigated using
the EROD Assay. Metabolism of PD and P was investigated using liver
microsomes (LM) and the metabolites were detected via HPLC-DAD
and HPLC-MS/MS. The inhibitory potency of PD towards CYP1A1/2 was
tested after a co-incubation with TCDD and PD in cell systems and after
incubation with LM. The CYP1A1/2 gene expression was investigated
after incubation of pRH with PD using RT-PCR. PD induced EROD activity
in both cell lines, while P increased EROD activity in pRH only. All PD
reduced TCDD-induced CYP1A1/2 activity in HepG2 cells, but not in pRH.
Microsomal incubations confirmed the inhibition of CYP1A1/2 activity.
PCR showed an induction of CYP1A1 gene expression after incubation
of pRH with PD. CYP1A2 gene expression was only increased in incubations with PCA and 1HP. The investigation of the microsomal metabolism showed that PYO and PCA were not metabolized. Two metabolites
([M+K+34]+) were detected for 1HP. For P, four metabolites ([M+34]+,
[M+50]+, [M+16]+) could be detected. It could be confirmed that PD activate the AhR. Furthermore it could be shown, that gene expression of
CYP1A1/2 was induced by PD. Similarly PD and P inhibited CYP1A1/2
activity at concentrations of 4.5-8.5 µM whereas the activation of the

1479 A Novel Long-Term Culture Method for

Activating Cytochrome P450 and Liver-Specific
Function of Hepatocytes Utilizing a Collagen
Vitrigel Membrane Chamber

R. Watari1, M. Kakiki1, K. Kusano1, A. Oshikata2, T. Takezawa2, C.
Yamasaki4, Y. Ishida4, C. Tateno4, Y. Kuroda3, and S. Ishida3. 1Eisai
Co., Ltd., Ibaraki, Japan; 2National Agriculture and Food Research
Organization, Ibaraki, Japan; 3National Institute of Health
Sciences, Tokyo, Japan; and 4PhoenixBio, Co., Ltd., Hiroshima,
Japan. Sponsor: A. Suganuma.
Introduction: In drug discovery, it is important to predict in vivo human
pharmacokinetics and toxicological property from in vitro tools, and
hepatocyte is one of the useful in vitro tools. However, current hepatocyte models do not always mimic in vivo biological reactions, and
cytochrome P450 (CYP) activities were decreased quite rapidly. Since
CYP has been reported to be involved in hepatotoxicity by reactive
metabolites (RM), CYP activity should be kept at high enough. In addition, long-term culture of hepatocytes is difficult in the conventional
mono-layer culture. Therefore, new culture method of hepatocytes for
activating their functional properties including CYP activities is highly
required. In this study, we have established a novel culture method of
hepatocytes by utilizing a collagen vitrigel membrane chamber (vitrigel
culture) to maintain CYP activity and liver finction at high level for long
period. Methods: Human chimeric hepatocytes freshly isolated from liver-humanized mice were used. To quantitatively assess the profile of liver-specific function, time course changes of albumin secretion and urea
synthesis were measured. In addition, 5 major CYP activities (CYP1A2,
CYP2C9, CYP2C19, CYP2D6, and CYP3A) were compared. Results and
Discussion: Throughout 3-week culture period, liver-specific function
was significantly higher in vitrigel culture than in mono-layer culture.
In addition, vitrigel culture showed equal to or higher CYP activities
for all CYP isoforms tested for longer period than mono-layer culture.
These results clearly indicated that vitrigel culture was superior to the
conventional mono-layer culture in terms of the liver-specific function
including CYP activity and suggested that the vitrigel culture would be
potentially applied to multiple in vitro cell assays to assess liver-specific
function and hepatotoxicity.

1480 Impact of the Culture Medium Composition on

the Induction of CYP2C8, 2C9, 2C19, and 2D6 by
the Assessment of mRNA on Human Hepatocytes

S. Martin2, B. Lopez2, D. Atticus2, J. Carteret2, C. Chesne2, and D.
Steen1. 1Biopredic International, Saint Gregoire, France; and
2Eurosafe, Saint Gregoire, France.
Introduction: P. Maurel previously demonstrated cross-talk between
nuclear glucocorticoide-, CAR- and PXR-receptor. Human hepatocytes
are routinely cultured in the presence of hydrocortisone or dexamethasone as a media supplement to promote cell survival and maintenance
of normal morphology. M. Farooq has recently published that CYP2D6 is
inducible in vitro but the routine presence of 100 nM dexamethasone in
the culture medium masks this induction. Based on these observations
and the difficulty to evaluate mRNA induction of CYP2C8, 2C9, 2C19
and 2D6 on human hepatocytes in classical culture conditions, then we
decided to modify the culture medium without any corticoid in order
to investigate the induction of CYP2C and 2D6. Different inducers and
incubation times were tested to select best conditions on cryopreserved
hepatocytes; different concentrations of rifampicin, phenobarbital,
dexamethasone and mix rifampicine/dexamethasone were incubated
during 24, 48 and 72 hours. At the end of each incubation time, CYPs
mRNA was quantified by qRT-PCR. In parallel viability of hepatocytes
was controlled. The evaluation of the induction potency was based on
the EMA guideline considering that an in vitro induction is positive if
incubations with a drug rise to a more than 100% increase in mRNA
expression. Results: For CYP2C8, induction was observed with rifampicin
at 25 µM, dexamethasone 0.1 to 10 µM, phenobarbital 0.5 and 1 mM and
the mix (25 µM rifampicine / 0.1 and 1 µM dexamethasone) with a higher
induction after 72h of incubation. The same results were observed for
CYP2C9. For CYP2C19, induction was observed only with the mix (rifampicine/dexamethasone) and only after 72h of incubation. For CYP2D6,

induction was observed with dexamethasone 0.1 to 10 µM and the mix
(rifampicine/dexamethasone) only after 72h of incubation. In conclusion, the absence of corticoid in the culture medium allows to obtain
significant induction with dexamethasone 0.1 to 10 µM for CYP2C8, 2C9
and 2D6 as well as with the mix (rifampicin/dexamethasone).

1481 Mechanistic Role of Cyp1a2 in the Regulation

of Hepatic and Pulmonary Cytochrome Cyp1a1
in 3-Methylcholanthrene-Treated Humanized
Transgenic Mice

P. Maturu, W. Jiang, L. Wang, S. R. Kondraganti, and B. Moorthy.
Baylor College of Medicine, Houston, TX.
Background: Humans are exposed to numerous the environmental pollutants, including polycyclic aromatic hydrocarbons (PAH)s. The PAH
3-methylcholanthre (MC) is one of the most potent PAH carcinogens.
The cytochrome P450 (CYP) 1A enzymes are primarily involved in metabolic activation of these carcinogens to reactive intermediates, a critical event in the initiation of carcinogenesis. We have shown earlier
that CYP1A2 plays an important role in the suppression of persistent
induction of CYP1A1 in mice. Hypothesis: In this study, we tested the
hypothesis that MC elicits persistent human CYP1A1 induction by sustained transcriptional activation of the corresponding promoters, and
that the hepatic CYP1A2 will suppress persistent induction of hepatic
and pulmonary hCYP1A1 and mCYP1A1 expression in humanized
transgenic mice expressing the human CYP1A1 gene (hCYP1A1-GFP
fusion protein) on Cyp1a1 or Cyp1a2-null backgrounds. Methods: WT
(C57BL/6), hGFP1A1, hGFP1A1/Cyp1a1-null and hGFP1A1/Cyp1a2-null
mice were divided into two groups. Group I was treated with vehicle
corn oil (CO) (8 ml/kg) and group II was treated with four doses of MC
(100 µmol/kg), i.p. once daily for 4 days. Four animals in each group
were sacrificed at 1, 8 and 15 days after MC withdrawal. The mouse and
human mRNA levels, protein content and enzyme activities of CYP1A1
(7-ethoxy-resorufin-O-deethylase-EROD) and 1A2 (7-methoxy-resorufin-O-deethylase-MROD) were determined at all time points. Results:
The expression of mouse and human CYP1A1, and mCYP1A2 mRNA,
protein levels and enzyme activities persisted up to 8 days and declined
by 15 days both in lung and liver tissues of all groups. Interestingly, both
hepatic and pulmonary mCYP1A1 and hCYP1A1 proteins at 1 day and
8 days were induced in hGFP1A1/Cyp1a2-null mice compared to other
groups. Similarly, augmented mRNA expression of hepatic hCYP1A1 in
and pulmonary mCYP1A1 was also observed in hGFP1A1/Cyp1a2-null
mice compared to other mice. Conclusions: These results suggested that
CYP1A2 plays a mechanistic role in the suppression of persistent induction of CYP1A1 in humanized transgenic mice. Hence, the present study
is highly relevant to human carcinogenesis, as CYP1A plays an important
role in the activation of PAH, in this case MC into a DNA reactive metabolites that can lead to mutagenesis followed by tumorigenesis.

1482 Phenotypic Characterization of Human

Cytochrome P450 Polymorphisms in Budding
Yeast

J. Freedland, and M. Fasullo. SUNY Polytechnic Institute, Albany,
NY.
Human P450 enzymes are responsible for the biotransformation of xenobiotics, including the detoxification of common environmental compounds. Allelic variants of these enzymes can exhibit altered catalytic
activity and substrate specificities and have been linked to susceptibilities to certain cancers, suggesting that such variants confer higher
levels of carcinogen activation. For example, CYP1A1 I462V has been
correlated to a higher incidence of breast and lung cancer; however,
there are inconsistencies in the epidemiological data. To determine
whether allelic variants of CYP1A1, I462V and T461N, confer higher
levels of carcinogen-associated genotoxicity, compared to CYP1A1 per
se, we expressed the individual human genes in budding yeast, which
does not endogenously express phase I and phase II enzymes that
detoxify aromatic compounds. We measured DNA damage-associated
Rad51 foci, recombination, and growth of DNA repair mutant after exposure to aflatoxin B1 (AFB1), benzo[a]pyren-7,8-dihydrodiol (BaP-DHD),
and 2 amino-3-methylimidazo[4,5 f]quinoline (IQ). Interestingly, we
found CYP1A1 I462V conferred less carcinogen-associated genotoxicity
compared to the other alleles. We confirmed that all three P450 enzymes
could be successfully expressed in yeast by measuring 7-ethoxy-resorufin-O-deethylase (EROD) activity. We conclude that all three CYP1A1
were capable of activating carcinogens, but that the higher level of
cancer incidence associated with CYP1A1 I462V may not be conferred
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AhR was observed at concentrations between 10-30 µM. This could
explain the finding that certain PD were poorly/not metabolized by LM.
The findings suggest that induction of the AhR and CYP1A1/2 activity
by PD, putative ‘endogenous’ AhR ligands, seem to have additional
functions exceeding phase I metabolic degradation of the inducers, e.g.
via sensing and ‘suicide inactivation’ of microbial virulence factors. [1]
Moura-Alves P. et al., (2014) “AhR sensing of bacterial pigments regulates
antibacterial defence,” Nature, 512:387-392

by higher CYP1A1-mediated carcinogen activation. These studies thus
provide an alternative methodology for studying P450 activity that will
be valuable for studying other disease-associated CYP polymorphisms.
(This research was supported by grants R21ES015954 and R15 ES023685-01
(MF) from the National Institutes of Health)

1483 Behavioral Changes in a Zebrafish CYP20A1
Knockout

J. J. Stegeman3, M. Salanga3, F. Mora3, B. Lemaire2, D. C. Lamb1,
and J. Goldstone3. 1Swansea University, Swansea, United
Kingdom; 2Université Catholique de Louvain, Louvain-la-Neuve,
Belgium; and 3Woods Hole Oceanographic Institution, Woods
Hole, MA.
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The great majority of CYP enzymes are “orphans”, for which substrates
and biological role(s) are unknown and difficult to infer. CYP20A1
is found in single copies in all vertebrate genomes, and many other
animal genomes, but does not have a known or inferred function.
CYP20A1 expression in human substantia nigra and hippocampus, and
abundant maternal transcript in zebrafish eggs suggest roles in brain
and early development. Tissue expression and promoter analysis also
suggest reproductive, immune, hematopoietic and neural involvement.
Previously we reported (Lemaire et al., 2016, TAAP) that CYP20A1 expression in zebrafish embryos is modestly affected by steroids and other
nuclear receptor agonists, and was suppressed by the neurotoxicant
methylmercury. Knock-down of CYP20A1 using morpholino oligonucleotides in developing zebrafish delayed development, decreased visual
responsiveness, and resulted in larval hyperactivity; a human microdeletion syndrome (2q33) involving a region that contains CYP20A1 is
typically associated with hyperactivity. We now report on genomic
knockout of CYP20A1 using CRISPR-Cas. Current data suggest that
homozygous CYP20 null mutants have significant behavioral changes,
including decreased spontaneous activity. The results continue to
support a neurological role for CYP20A1, despite possible differences
between effects of knockdown and knockout. A search for substrates
is underway with recombinant zebrafish CYP20A1 expressed in E. coli.
The features of CYP20A1 structure, regulation and biological correlates
should aid in deciphering the molecular functions and roles of this
orphan P450 in health and disease, and the evolution of these functions.
(NIH 5P42ES007381, NIH 5U41HG003345)

SOT 2017 Annual Meeting

1484 Cytochrome P450 Monooxygenase Activity
Is Independent of Its Hydrogen Peroxide
Generating NADPH Oxidase Activity

V. Mishin2, D. E. Heck1, D. L. Laskin2, and J. D. Laskin2. 1New York
Medical College, Valhalla, NY; and 2Rutgers University, Piscataway,
NJ.
It is well recognized that cytochrome P450 (CYP) microsomal enzymes
generate hydrogen peroxide in the absence and presence of substrate. Generated directly or indirectly via the formation of superoxide
anion, hydrogen peroxide produced during this “oxidase” activity can
become highly toxic, compromising cellular functioning and causing
tissue damage. In the present studies we determined if the hydrogen
peroxide generating activity of CYP requires functional monooxygenase
activity. Using the Amplex Red assay, we found that rat recombinant
CYP1A2, CYP2E1 and CYP3A1/2 co-expressed with NADPH cytochrome
P450 reductase generated hydrogen peroxide in the presence of
NADPH. In the absence of CYP substrates, these reactions were linear
with respect to time and protein concentration, oxygen-dependent, and
generated ~ 2.0-6.0 nmoles hydrogen peroxide/min/nmol recombinant
CYP. In the presence of inhibitors of the monooxygenase activities of
these enzyme, alpha-naphthoflavone for CYP1A2, 4-methylpyrozole for
CYP2E1, and clotrimazole for CYP3A1, at concentrations that blocked
substrate-dependent monooxygenase activities, little or no inhibition
of the hydrogen peroxide generating activities of these enzymes was
evident. Taken together, these data indicate that the NADPH oxidase
activity of the CYPs occurs in parallel and independently of reactions of
oxygen activation required for monooxygenase reactions. (Supported by
NIH/NIEHS grants AR055073, ES005022, and T3ES007148)

1485 Genomic and Proteomic Approaches to Identify
Mechanism of Up-RegulRtion and Downregulation of Cyp3a Enzyme

G. Taneja2, W. Jiang1, S. Maity1, C. Coarfa1, B. Moorthy1, and R.
Ghose2. 1Baylor College of Medicine, Houston, TX; and 2University
of Houston, Houston, TX.
Background: Cytochrome P450 (Cyp) 3a is a major drug metabolizing
enzyme; metabolizing upto 50% of clinically available drugs. Cyp3a
levels are impaired in many diseases & induced by a broad range of
xenobiotics. These alterations in Cyp3a activity are associated with drugdrug interactions or failure of therapy, emphasizing the need to thoroughly understand Cyp3a regulation. To date, basal transcription factors
(TFs), nuclear receptors, kinases & phosphatases are known to play a role
in regulation of Cyp3a. However, the exact mechanisms of transcriptional/post-transcriptional regulation of Cyp3a (epigenetic changes,
involvement of miRNAs etc.) are unknown. Two major effectors that
modulate Cyp3a in opposite direction are well-established: a) pregnane
X receptor (PXR), a nuclear receptor that binds directly to Cyp3a promoter and induces it; b) second one is represented by lipopolysaccharide (LPS), which induces cytokines that suppress Cyp3a levels.Objective:
To enhance our understanding of Cyp3a regulation by elucidating the
competing mechanisms of PXR & LPS-induced cytokines.Methods:
C57BL/6 mice were pre-treated with corn oil (CO) or pregnenolone-16alpha-carbonitrile [PCN (mPXR activator)], followed by saline (Sal) or LPS.
Hepatic gene expression was evaluated using Illumina MouseWG-6 v2.0
expression bead chip. Data was normalized using Lumi package & analyzed using the R statistical system. Global enrichment of transcription
factor targets was evaluated via Gene Set Enrichment Analysis.Results:
Using TRANSFAC, we identified TFs which are altered by PCN or LPS
and bind to CYP3A4 promoter eg. FOXO4, LEF1, PEA3, HNF3 etc. LPS &
PCN lead to opposite effects on targets of epigenetic regulators such as
HDAC1 and HDAC3, and similar effects on EZH2 targets. HDAC4 protein
is also downregulated with combined treatment of PCN/LPS in Reverse
Phase Protein Analysis. Apart from that, LPS & PCN lead to opposite
regulation of miR-150 targets, and similar and strong regulation was
seen with miR-124, miR-200 family, and miR-181 targets.Conclusions:
Novel regulators that are potentially involved in both upregulation &
downregulation of Cyp3a were identified. Ultimately, characterization of
these regulators will lead to the development of targeted strategies to
treat disorders due to impaired drug metabolism.

1486 Differential Susceptibilities of Cytochrome
P450 (CYP)1a1/1a2 Double Knockout and
Cyp1a1/1a2/1b1 Triple Knockout Mice to
Oxygen-Mediated Lung Injury In Vivo

B. Moorthy, A. Veith, L. Wang, X. Couroucli, K. Lingappan, and W.
Jiang. Baylor College of Medicine, Houston, TX.
Supplemental oxygen therapy is frequently encountered in the treatment of pulmonary insufficiency. However, hyperoxia contributes
to bronchopulmonary dysplasia (BPD) in premature infants and ALI/
ARDS in children and adults. In this study, we tested the hypotheses
that mice lacking the genes for Cyp1a1 and 1a2 (Cyp1a1/1a2 double
null) or those lacking Cyp1a1, 1a2, and 1b1 genes (Cyp1a1/1a2/1b1 triple
null) will be differentially susceptible to hyperoxic lung injury in vivo,
compared to wild type (WT) mice, and that NADPH qunione reductase
(NQO1/2) contribute to this phenomenon. Twelve week-old male wild
type (WT) (C57BL/6J), Cyp1a1/1a2-double null, or Cyp1a1/1a2/1b1 triple
null mice were exposed to hyperoxia (> 95% O2) or room air for 24-72 h.
Lung injury and inflammation was assessed by measuring lung weight/
body weight (LW/BW) ratios, histology, and neutrophil recruitment by
immunohistochemistry. Gene expression of Nrf2 and NQO1 /2 genes
was determined in lung by real time RT-PCR. The major findings were
that the Cyp1a1/1a2-double null mice were more susceptible to oxygen-mediated lung damage and inflammation than WT, as evidenced
by increased lung weight/body weight (LW/BW) ratios, lung injury, neutrophil recruitment, and augmented expression of IL-6 and TNF-α, compared with those in WT mice. The Cyp1a1/1a2/1b1 triple null mice, in
contrast, showed protection against hyperoxic lung injury, as indicated
by decrease in each of the lung injury parameters. In room air, pulmonary Nrf2, NQO1 and NQO2 mRNA levels in the triple null mice were
much higher than those of WT or double null mice. NQO1 was induced
by hyperoxia in each of the genotypes, with the triple null mice showing
the maximal induction at the 72 h time point. That Cyp1a1/1a2/1b1 triple
null mice show attenuation of hyperoxic lung injury suggests that lack
of CYP1B1 or induction of NQO1 contributed to the protective effects.
Future research could lead to the development of novel strategies for
prevention and/or treatment of BPD and ALI/ARDS.

Production of CYP2E1 in Hepatocytes

L. Guo, Y. Wang, D. Yu, L. Zeng, Y. Chen, B. Green, Z. Ren, S. Chen,
W. Tong, and B. Ning. US FDA/NCTR, Jefferson, AR.
CYP2E1 is an important drug metabolizing enzyme for processing
xenobiotics. Previous studies showed that microRNAs can suppress
the expression of CYP2E1 by binding to 3’-untranslated region of the
transcript. However, a systematical analysis of the regulation of CYP2E1
by miRNAs has not been completely investigated. We applied in silico,
in vitro and in vivo approaches to characterize miRNAs involved in the
regulation of CYP2E1. The inverse correlation between the levels of the
hsa-miR-214-3p or hsa-miR-942-5p and CYP2E1 mRNA was observed
in human liver samples. In HepG2-derived CYP2E1 over-expression
cells, hsa-miR-214-3p possessed a strong suppression of the CYP2E1
by targeting its coding region of the gene; however, hsa-miR-942-5p
did not show the inhibition effects. Electrophoretic mobility shift assays
confirmed that hsa-miR-214-3p recruited other protein cellular factors
formed stable complexes with the specific sequence of the CYP2E1
mRNA transcript. Transfection of HepaRG cells with hsa-miR-214-3p
mimics inhibited the expression of CYP2E1 and it also decreased the
induction of CYP2E1 by alcohol at the mRNA and protein levels in
HepG2 cells. The results demonstrated the suppression effect of hsamiR-214-3p on CYP2E1.

1488 Decreased Human Arylamine

N-Acetyltransferase 1 (NAT1) Elevates Cellular
Acetyl-Coenzyme A Levels

M. W. Stepp, M. A. Doll, and D. W. Hein. University of Louisville,
Louisville, KY.
Recent work within our lab has confirmed a novel role of human arylamine N-acetyltransferase 1 (NAT1) to catalyze hydrolysis of acetyl-coenzyme A (AcCoA) in a folate dependent manner. This hydrolytic activity
has been confirmed with rat arylamine N-acetyltransferase 2 (NAT2), the
rat ortholog of human NAT1. In this current study, we investigated the
effects of altered levels of human NAT1 or rat NAT2 activity on cellular
AcCoA levels. The hypothesis is cells with decreased human NAT1 or rat
NAT2 activity will have increased AcCoA levels. Recombinant human
NAT1 and rat NAT2 were generated and assayed for folate-dependent
AcCoA hydrolysis. Rat NAT2 enzymatic activity and endogenous AcCoA
levels were measured in tissue samples and embryonic fibroblasts isolated from rapid and slow acetylator rat NAT2 congenic rats. Human
breast cancer cell lines (MDA-MB-231 and MCF-7) were modified by
CRISPR/Cas9 to knockout human NAT1. The parental and modified cell
lines were characterized for enzymatic activity and endogenous AcCoA
levels. Recombinant human NAT1 and rat NAT2 catalyzed AcCoA hydrolysis in a folate-dependent manner. Recombinant rat rapid-NAT2, as well
as tissue samples from rapid NAT2 rats, catalyzed p-aminobenzoic acid
N-acetyl transfer and folate-dependent AcCoA hydrolysis at higher rates
than rat slow-NAT2 (all comparisons, p<0.01). Rat embryonic fibroblasts
isolated from rapid NAT2 rats displayed lower levels of cellular AcCoA
than embryonic fibroblasts derived from slow NAT2 rats (p<0.01). The
human NAT1 knock out cell lines had no detectable p-aminobenzoic
acid acetylation activity compared to their parental cell lines. Human
NAT1 knockout MDA-MB-231 and MCF-7 breast cancer cell lines had elevated cellular AcCoA levels compared to the parental cell lines, (p<0.001
and p<0.05, respectively). The results support a role for human NAT1
and rat NAT2 in regulating endogenous levels of AcCoA. Implications
of this finding suggest cellular responses to environmental toxins may
differ according to NAT1 activity. (Grant support: This study was partially
supported by USPHS grant T32-ES011564)

1489 SNPs in NAT1 Gene
M. Emamian, and J. Gomes. University of Ottawa, Ottawa, ON,
Canada.
Background: Prostate cancer is the most prevalent cancer among males
in Canada with a diagnosis of one in eight men in their lifetime. Prostate
cancer etiology is multifactorial and current literature indicates an
association with environmental and lifestyle exposures to heterocyclic
aromatic amines (HAA) among others. N-acetyltransferase 1 (NAT1) an
important phase II xenobiotic metabolizing enzyme metabolizes HAA
through N-acetylation and O-acetylation. NAT1 is highly polymorphic
and a number of single nucleotide polymorphisms (SNPs) have been
reported. Polymorphisms in NAT1 gene compromise the metabolic
capability of the gene, and increasing the carcinogenic potential.
Wildtype (TT) and heterozygous (TG) alleles in some genotypes (T640G)
facilitate the production DNA adducts and increase the risk to prostate
cancer. The presence of a mutation (GG) disturbs the normal metabolism

of HAAs, preventing the formation of DNA adducts and thus, decreasing
the risk of developing prostate cancer. The primary purpose of this study
was to determine the relationship between the genotypes and the risk of
prostate cancer. Because we could not use the current methodology to
detect the polymorphisms we developed a robust qPCR based method.
Objective: To develop a simple approach to determine the presence
of SNPs in the NAT1 gene by RT-qPCR method using mini-LNA probes.
Methodology: Mini LNA probes and specific primers were designed
in-house to genotype DNA samples from randomly selected prostate
cancer cases and controls. The increased sensitivity of the probes for
distinguishing DNA base-pair mismatches was used to identify the
SNP reported at locus T640G and RT-qPCR reactions were prepared to
amplify the NAT1 gene. Results: Allelic discrimination method was used
to characterize homozygosity and heterozygosity of the T640G SNP in
NAT1 gene in DNA obtained from cases and controls. Results suggested
that prostate cancer cases were significantly more likely to exhibit wild
type TT alleles and heterozygous TG alleles. The presence of homozygous GG alleles showed a 50% increase in their predisposition to development of prostate cancer; DNA adducts with HAA may also play a role
in carcinogenesis. Conclusion: A RT-qPCR technique using mini-LNA
probes can be used to identify SNPs in NAT1 gene. Higher frequencies
of WT alleles and heterozygote alleles were observed for T640G SNP
among prostate cancer cases. Other mechanisms of carcinogenesis of
HAA may involve the formation of DNA adducts.

1490 ABCB1 Promoter Haplotypes’ Effects on

Promoter Activity in Response to Chronic and
Acute Bisphenol A and Bisphenol S Exposures

J. T. Speidel, M. Xu, and S. Z. Abdel-Rahman. The University of
Texas Medical Branch, Galveston, TX.
In utero exposure to endogenous and exogenous compounds (e.g.
estrogens, pharmaceuticals, and environmental toxins) can lead to
developmental and behavioral problems and diseases. To reduce fetal
exposure, efflux transporters actively extrude xenobiotics from the
placenta back to maternal circulation. P-glycoprotein (P-gp), encoded
by the ABCB1 gene, is a major efflux transporter in the placenta. Single
nucleotide polymorphisms (SNPs) in the ABCB1 promoter region can
alter ABCB1 expression and subsequently, placental P-gp levels, ultimately affecting fetal exposure to xenobiotics. SNPs typically occur in
combinations forming specific haplotypes, therefore, not exerting their
effects individually. Haplotypes effects on the transcriptional and translational regulation of the ABCB1 promoter is not fully elucidated. We
therefore hypothesize that promoter haplotypes, rather than individual
SNPs, alter ABCB1 transcription regulation and subsequently, placental
P-gp levels. To test this hypothesis, we sequenced 100 placental DNA
samples and identified 12 SNPs in the 2357bp ABCB1 promoter region.
To determine the effect of haplotypes on promoter activity, luciferase
reporter constructs representing 14 haplotypes found in our population
were transfected into 3A-human placental cells and their effect on ABCB1
promoter activity was determined. Four promoter haplotypes demonstrated a statistically significant (p<0.05) increase in promoter activity
with haplotype 4 having a 4-fold increase compared to the ancestral.
Two haplotypes had statistically significant decreases (p<0.05), with
haplotype 30 having a 14-fold decrease in promoter activity. The 3A
cells were then chronically exposed to BPA and BPS, and haplotype
dependent responses were determined. Chronic and acute exposures
demonstrated an induction in most haplotypes tested. However, the
intensity of the response to the xenobiotic varied between haplotypes
and exposure concentration. The long term goal is to better understand
the underlying mechanisms by which promoter SNPs, in the context
of haplotypes, regulate transcription. Such understanding will advance
personalization of pharmacotherapy for pregnant patients.

1491 Employing “FDALabel” Database to Extract

Pharmacogenomics Information from US FDA
Drug Labeling to Advance the Study of Precision
Medicine

H. Fang2, R. Uber2, Z. Liu2, J. Xu2, S. Thakkar2, S. Amur1, P.
Mummaneni1, M. Chen2, B. Ning2, S. Harris2, G. Zhou2, L. Wu2, P. C.
Howard2, and W. Tong2. 1US FDA/CDER, Silver Spring, MD; and 2US
FDA/NCTR, Jefferson, AR.
Pharmacogenomics (PGx) focuses on how genomics and genetic variants affect drug response. A better understanding of the association
between genetic markers and individual phenotypes may improve
therapy by enhancing drug efficacy, safety, and advance precision
medicine. The FDALabel database (https://rm2.scinet.fda.gov/druglabel/#simsearch-0) was developed from the US FDA’s Structured Product
Labeling (SPL) repository to allow users to perform full-text and customizable searches of the labeling section {e.g. Boxed Warning, Warning
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1487 MicroRNA HSA-MIR-214-3P Regulates the

and Precautions, Adverse Reaction (AR) sections}. In this study, 48
known biomarkers were used to query PGx relevant contents from the
FDALabel database, including Indication, Clinical Pharmacology, Clinical
Studies, and Use in Specific Populations. As a result, we identified 162
drugs out of 1129 small molecule drugs with PGx biomarker information. Furthermore, statistical analysis, pattern recognition, and network
visualization were applied to investigate association of drug efficacy
and severe ARs with PGx biomarkers and subpopulation. The results
indicated that these drugs have a higher association with certain ARs
in specific patient subpopulations (e.g., a higher association between
CYP2D6 poor metabolizers and ARs caused by drugs for the treatment
of psychiatric disoders ), and cover a broad range of therapeutic classes
(e.g., Psychiatry, Cardiology, Oncology, and Endocrinology). FDALabel
database (free publicly available) provides a convenient tool to navigate
and extract PGx information from US FDA-approved drug. The knowledge gained from these drugs and biomarkers in this study will enhance
the understanding of PGx to advance precision medicine.

1492 A Tiered Approach to Evaluate an Iodine

Recycling Inhibition Adverse Outcome Pathway
(AOP) in Amphibians

J. H. Olker, K. G. Donnay, J. T. Haselman, P. A. Kosian, J. J. Korte, M.
W. Hornung, and S. J. Degitz. US EPA, Duluth, MN.
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The enzyme iodotyrosine deiodinase (dehalogenase, IYD) catalyzes
iodide recycling and promotes iodide retention in thyroid follicular cells.
Loss of function or chemical inhibition of IYD reduces thyroid hormone
synthesis, which leads to insufficiency in tissues and subsequent negative developmental consequences. Iodide recycling by IYD is especially
critical for low iodine diets and low iodine environments, including most
freshwater ecosystems. We developed a putative adverse outcome
pathway for IYD inhibition in amphibians and evaluated IYD inhibition
with a tiered approach: 1) development of an in vitro IYD enzyme inhibition assay for chemical screening of compounds of interest to the US
EPA, 2) ex vivo thyroid culture to establish thyroglobulin iodination as a
biomarker of IYD inhibition, and 3) in vivo bioassays to characterize an
organismal adverse outcome and test essentiality of IYD activity. An in
vitro colorimetric assay was developed to measure activity of recombinant human IYD enzyme in a 96-well format, establishing the feasibility
of medium to high throughput screening of chemicals for IYD inhibition. In ex vivo thyroid culture studies, thyroxine (T4), monoiodotyrosine (MIT), and diiodotyrosine (DIT) were quantified in individual thyroid
glands and the media using a ultrahigh performance LC-MS/MS. In
vivo exposure of developing Xenopus laevis to a suspected IYD inhibitor (3-L-nitro-tyrosine) resulted in markedly delayed metamorphosis
and glandular hypertrophy, with dose-response dependent on dietary
iodine content (study included two diets with reported iodine content).
Compensatory responses were measured via increased sodium/iodide
symporter gene expression in the thyroid glands of exposed tadpoles.
This multi-pronged approach establishes biological relevance, validates
this novel molecular initiating event, links IYD inhibition to the adverse
apical outcome (delayed metamorphosis) through measures of biochemical responses, and expands coverage of thyroid-specific assays
for screening chemicals of concern to the US EPA. This abstract does not
necessarily reflect US EPA policy.

1493 In Vitro Screening for Potential Chemical
Inhibitors of Deiodinase Type 1 Activity

The majority of the chemicals did not inhibit D1 activity in this initial
screen as defined as a response of less than 20% inhibition compared
to control D1 activity. There were 250 chemicals - or 13% of the chemicals tested - that produced greater than 20% inhibition of D1 activity.
Approximately 150 of these inhibited D1 activity by greater than 50%
and were further tested in concentration-response mode to determine
IC50s. This work presents an initial effort toward screening chemicals
with the potential for affecting thyroid hormone status via inhibition
of D1 activity. Further work to determine whether this in vitro activity
translates to effects in vivo is needed. This abstract does not necessarily
reflect US EPA policy.

1494 Considerations for Interpreting Thyroid Data
across Guideline Toxicity Studies in the Rat

B. R. Hannas, M. P. Bell, J. K. Passage, J. J. Thomas, and S. Marty.
The Dow Chemical Company, Midland, MI.
Normal growth and development is contingent on a fully functional
thyroid system. As such, careful assessment and interpretation of data
examining the potential for chemicals to alter the thyroid are principal
requirements for compound safety assessments. Recent endocrine disruption-relevant endpoints have been added to guidelines for developmental and reproductive toxicity screening (OECD 421/422), including
assessment of thyroid hormones during the neonatal period. Testing
up to a maximally tolerated dose level as required by these guidelines
can occasionally result in a developmental delay in offspring (e.g.,
decreased pup body weights) that is secondary to maternal toxicity
(e.g., decreased feed consumption and body weights/gains). Based on
age-related changes that occur in thyroid hormone levels in rat pups
during lactation, we hypothesized that a developmental delay could
alter this neonate developmental transition in hormone levels. We
assessed thyroid endpoints following use of a feed restriction model in
the Crl:CD(SD) rat to simulate developmental delay in the offspring following maternal toxicity. We additionally used drinking water exposure
to the positive control propylthiouracil (PTU) to simulate primary thyroid
toxicant exposure during gestation and lactation. Following feed restriction of 20% and 40% compared to control during GD 7-LD 14, mean dam
body weights were decreased 16% and 30%, respectively, and mean
PND 13 pup weights were decreased 16% and 39%. Administration of
PTU to the dams during GD 18-LD 14 had no effect on maternal body
weights but resulted in a 17% decrease in PND 13 pup body weights
compared to controls. As expected, PTU administration resulted in
decreased T3 and T4 and increased TSH with corresponding histopathological changes in the thyroid of LD 14 dams, PND 4 and 13 pups.
Conversely, both levels of feed restriction of dams resulted in increased
T4 in PND 4 and 13 offspring and decreased T3 in dams on LD 14 with no
associated thyroid histopathological changes. This study demonstrates
maternal feed restriction induces secondary changes in PND 4 and 13
pup T4 levels. Nevertheless, there are stark differences in the profile of
effects of a primary thyroid toxicant versus an effect on thyroid hormones that is secondary to maternal feed restriction. Accordingly, these
results provide valuable information for interpreting thyroid hormone
effects in PND 4 and 13 pups under the updated OECD 421 and 422
study guidelines.

1495 Investigations on the Dose-Response

Relationship of Combined Exposure to Low
Doses of Three Anti-Androgens in Wistar Rats

M. Hornung1, J. Korte1, J. Olker1, J. Denny1, C. Knutsen1, P. Hartig2,
M. Cardon2, and S. Degitz1. 1US EPA, Duluth, MN; and 2US EPA,
Research Triangle Park, NC.

S. Schneider, S. Melching-Kolmuss, R. Buesen, S. Groeters, V.
Strauss, X. Jiang, and B. van Ravenzwaay. BASF SE, Ludwigshafen
am Rhein, Germany.

Control of thyroid hormone (TH) signaling in vertebrates is dependent
upon multiple key events including iodide uptake, hormone synthesis,
metabolism and elimination, to maintain proper homeostasis of the hormones. Deiodinase enzymes interconvert THs between less active and
more active forms via release of iodide from the substrate hormones.
The activity of deiodinases has been identified as an important endpoint
to include in the context of screening chemicals for thyroid hormone
disruption. To address the lack of data regarding the potential for chemicals to inhibit these enzymes a research effort was initially focused on
human deiodinase type 1 (D1). We utilized an adenovirus expression
system for production of D1 enzyme, established robust assay parameters for non-radioactive determination of iodide release by the SandellKolthoff method, and employed a 96-well plate format for screening
chemical libraries. An initial set of 13 chemicals was used to establish the
assay. Included in this set was the known D1 inhibitor 6-propylthiouracil
(used as a positive control). Over 1800 unique chemicals primarily from
the EPA’s ToxCast phase 1v2, phase 2, and e1K chemical libraries were
tested in the screening assay. Chemicals were initially screened at a
single high concentration of 200 µM to identify potential D1 inhibitors.

There is concern that current risk assessment paradigms, based on single-substance assessments, may be insufficient to protect against combined exposure to endocrine active chemicals at low dose levels. We
investigated the dose response relationship of single and combined
exposure to three anti-androgens (flutamide, prochloraz, vinclozolin)
when applied at their individual ADI, NOAEL and LOAEL dose levels. For
each compound and the mixture study, dams were randomized into
3 dose groups and a control each made up of 25 animals per group.
Wistar rats were used in a pre-postnatal study design with more
parameters than regulatory testing protocols require (additional endpoints: hormone levels, extensive histopathological examinations of
sexual organs). For the single compounds, effects were only noted at
the LOAEL dose. There were no adverse effects observed at NOAEL or
ADI levels. For single and combined exposure studies, typical anti-androgenic changes were observable at the effect level (LOAEL). In the
combined exposure study nipple/areola counts was the most sensitive
parameter. Results indicate the absence of evidence for effects at NOAEL
and ADI dose levels, and thus also the absence of a non-monotonic dose

1496 Association of Genistein with 17β-Estradiol

and Estrogen Receptor Activation but Not with
Metabolic Fluxes to Estrogen-DNA Adducts in
the Human Breast

R. Hauptstein5, D. Pemp5, B. Spielmann5, C. Kleider5, S. Weck5,
K. Schmalbach5, S. T. Soukup1, L. N. Geppert3, C. Köllmann3, S.
E. Kulling1, T. Dandekar5, P. Eckert2, I. Neshkova4, R. Jakubietz4,
H. L. Esch5 , and L. Lehmann5. 1MRI, Karlsruhe, Germany;
2Practice for Plastic and Aesthetic Surgery, Wuerzburg, Germany;
3TU Dortmund, Dortmund, Germany; 4University Hospital of
Wuerzburg, Wuerzburg, Germany; and 5University of Wuerzburg,
Wuerzburg, Germany.
17β-estradiol (E2) contributes to breast cancer development by induction of proliferation and formation of DNA adducts and isoflavones may
have impact thereon. Thus, influence of genistein (GEN) on E2 levels,
estrogen receptor (ER) activation and estrogen-DNA adducts was investigated in mammoplasty specimen derived from 47 women exposed to
GEN via their usual diet or by intake of isoflavone-rich extract for 7 days
prior to surgery. Glandular tissues were isolated, characterized histologically and oil contents were determined gravimetrically. Metabolic
fluxes to estrogen-DNA adducts were determined by computational-based metabolic network modeling, comprising of 159 reactions of
estrogen metabolism, using levels of E2 and estrone (E1), determined
by GC-MS/MS, and transcript levels, determined by TaqMan® qPCR,
as flux constraints. Levels of GEN were quantified using UHPLC-MS/
MS. Associations of the dependent variables metabolic fluxes to estrogen-DNA adducts (“estrogen-DNA adducts”), tissue levels of E2 (“E2
levels”) as well as transcript levels of progesterone receptor (“ER activation”) with multiple explanatory variables (ExVARs) were investigated by
stepwise forward selected multiple linear regression models. The ExVAR
semiquantitative tissue levels of GEN (“GEN”) was tested in addition
to “isoflavone-rich extract”, “estrogen-active drugs”, “smoking”, “BMI”,
“lobule type” and “age”. Models describing “E2 levels” further tested
“menopause”, “oil”, “adipocyte-rich tissue”, “E1 levels”, as well as 13 transcripts and 2 polymorphisms of estrogen-metabolizing (iso)enzymes.
Models describing “ER activation” further tested transcript levels of
ERs and E2 levels. Despite “GEN” was significantly positively associated
with “E2 levels”, no effect on “estrogen-DNA-adducts” and even negative association with “ER-activation” was observed. Supported by DFG,
Le-1329/10-1

1497 Hepatic Phase II Enzyme Induction As Potential
Mechanism of Adrenal Hypertrophy in Rats

Schadt1,

H.
P. Devine2, Y. Timsit2, M. Melkonian2, A. Fischer1, K.
2
Kubek , M. Schwald1, M. Lienard1, J. Boisclair1, C. Pfaff1, D. Stiehl1,
E. Tritto1, U. Hopfer1, J. Marlowe2, S. D. Chibout1 , A. Wolf1, and
F. Pognan1. 1Preclinical Safety, Novartis, Basel, Switzerland; and
2Preclinical Safety, Novartis, Cambridge, MA.
Hypertrophy and/or vacuolation of the adrenal cortex is a recurring
finding in pre-clinical repeated dose toxicity studies in rodents with
drug candidates. The adrenal cortex, with the zona glomerulosa, fasciculata and reticularis is the site of mineralocorticoid, glucocorticoid and
androgen production, respectively. We hypothesized a new mechanism
for adrenal hypertrophy/vacuolation in rodents involving hepatic phase
II UDP-glucuronosyltransferases (UDP-GT) enzyme induction, leading to
increased glucuronidation and clearance of glucocorticoids with subsequent stimulation of the hypothalamic-pituitary-adrenal (HPA) axis.
Such a mechanism would lead to chronic overstimulation of the adrenal
gland to produce more corticosteroids and compensate for the loss,
finally resulting in vacuolation and hypertrophy of the adrenal cortex. A
similar, rodent-specific mechanism is described for thyroid follicular cell
hypertrophy/hyperplasia perturbing the hypothalamic-pituitary-thyroid
(HPT) axis. To address our hypothesis, a 4-week investigative repeated
dose toxicity study was conducted in rats treated with the hepatic
microsomal enzyme inducer phenobarbital (PB). Readouts included
hormones (HPA/HPT axis), histopathology (liver, adrenals, thyroid),
genomics (liver, adrenals), and a newly established enzymatic activity
assay to measure glucocorticoid and thyroxine glucuronidation rates
in liver microsomes. Treatment of male rats with 80 mg/kg/day PB for
4 weeks resulted in vacuolation of the zona fasciculata and glomerulosa of the adrenal cortex. Hepatic corticosterone glucuronidation was
significantly increased by the treatment and corticosterone concen-

trations were decreased in plasma and urine. Liver genomics analysis
confirmed induction of phase I and II enzymes including UDP-GT isoforms. Unexpectedly, ACTH release was decreased by PB, likely due to
central acting effects. Supporting this, acute medullary stress response
genes were downregulated in the adrenals with no significant changes
in steroid biosynthesis genes. In conclusion, the study provided supporting evidences that PB-induced adrenal vacuolation in rats might be
secondary to microsomal enzyme induction and increased glucocorticoid clearance.

1498 A Fetal Whole Ovarian Culture Model for the
Evaluation of CrVI-Induced Developmental
Toxicity during Germ Cell Nest Breakdown

J. A. Stanley, K. K. Sivakumar, J. A. Arosh, R. C. Burghardt, and S. K.
Banu. Texas A&M University, College Station, TX.
Prenatal exposure to endocrine disrupting chemicals (EDCs), including
bisphenol A, dioxin, and pesticides, has been linked to several ovarian
diseases such as premature ovarian failure (POF) and early menopause
in women. Hexavalent chromium (CrVI), one of the more toxic heavy
metals, is widely used in more than 50 industries. As one of the world’s
leading producers of Cr compounds, the US is facing growing challenges in protecting human health against adverse effects of CrVI. Our
recent findings demonstrated that in vivo CrVI exposure during gestational period caused POF in F1 offspring. Our current research focus is
3-fold: (i) to identify the effect of CrVI on critical windows of great vulnerability of fetal ovarian development; (ii) to understand the molecular
mechanism of CrVI-induced POF; (iii) to identify potential intervention
strategies to mitigate or inhibit CrVI effects. In order to accomplish
these goals we used a fetal whole ovarian culture system. Fetuses were
removed from the normal pregnant rats on gestational day 13.5. Fetal
ovaries were cultured in vitro for 12 days, and treated with or without
0.1 ppm potassium dichromate (CrVI) from culture day 2-8, which recapitulated embryonic day 14.5-20.5, in vivo. Results showed that CrVI
increased germ cell/oocyte apoptosis by increasing caspase 3, BAX, p53
and PUMA; decreasing BCL2, BMP15, GDF9 and cKIT; and altering cell
cycle regulatory genes and proteins. This model system may serve as a
potential tool for high throughput testing of various drugs and/or EDCs
in particular to assess developmental toxicity of the ovary. (This work was
supported by NIEHS grants ES020561-01 and ES025234-01A1 S.K.B.)

117
1499 Use of Text-Mining and Machine Learning

Approaches to Survey the Literature on
Environmental Chemicals and the Thyroid

B. Kiros1, B. E. Howard2, S. Holmgren1, T. Zoeller3, and K. A. Thayer1.
1NIEHS, Research Triangle Park, NC; 2SciOme LLC, Research
Triangle Park, NC; and 3University of Massachusetts Amherst,
Amherst, MA.
The thyroid system is vital for normal development and function in vertebrates and can be perturbed by exposure to certain environmental
chemicals. Understanding the available research literature is challenging
because of the enormity of the evidence base. The objective of our study
is to survey the literature on environmental chemicals and thyroid using
SWIFT-Review text-mining software, focusing on specific chemicals,
evidence streams (i.e., human, animal, in vitro), and types of thyroid-related endpoints (e.g., amphibian metamorphosis, etc.). PubMed search
strategy was used to retrieve relevant literature for the thyroid through
December 2015 resulting in a total of 254,097 references which were
then imported into the software. Within SWIFT-Review, these references
were first categorized by article type (research versus non-research) and
then by chemical studied using several search filters, including filters
for the >8,000 chemicals included in the Tox21 chemical library and
~1,400 chemicals implicated as possible endocrine disruptors (EDCs).
The resulting records were then cross-referenced using filters for specific types of thyroid-related outcomes and evidence streams. Out of
the total number of references imported into SWIFT-Review, 218,208
were identified as research references. Of these, 109,147 records were
tagged with Tox21 chemicals while 82,692 records were tagged with
EDC chemicals. The most studied compound in the thyroid literature
was tetraiodothyronine with 39,874 documents. The most studied environmental chemical was perchlorate with 923 documents and the most
studied drug was 6-propyl-2-thiouracil with 4,020 documents. A case
study based on human studies of PCB and thyroid hormones was used
to assess the machine-learning capabilities of SWIFT-Review to priority
rank studies. SWIFT-Review ranked 80% of the 97 relevant PCB human
studies in the top 20% of the total 534 PCB studies using as little as 20
(10 included, 10 excluded) training documents. This study illustrates
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response. Combined exposure at LOAEL level resulted in enhanced
responses (additivity or slightly more than additivity according to Loewe
model) for ano-genital index, number of aerolas/nipples, delayed preputial separation and reduced ventral prostate weight in comparison to
the individual compounds.

that text-mining and machine learning programs such as SWIFT-Review
can be valuable tools not only for surveying published literature and priority ranking relevant studies but also for enabling better understanding
of research trends and data gaps which help to identify targeted questions that could be addressed in systematic reviews.

1500 Identification of Novel Chemical Modulators of

Estrogen Receptor α (ERα) in a Gene Expression
Compendium

J. Rooney5, N. Ryan1, R. Houtman4, R. van Beuningen4, J.-H. Hsieh3,
S. Chen2, and J. C. Corton5. 1Bayer Crop Science, Durham, NC;
2City of Hope Medical Center, Duarte, CA; 3NIH, Bethesda, MD;
4Pamgene, Hertogenbosch, Netherlands; and 5US EPA, Durham,
NC.
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Identification of chemicals that affect hormone-regulated systems will
help to predict endocrine disruption (ED). In our previous study we characterized a gene expression biomarker that was found to be an accurate
predictor of ERα modulation in chemically-treated human breast cancer
MCF-7 cells. Here, the biomarker was used to identify potential ED chemicals that alter the activity of ERα. Out of the ~1155 chemicals from the
Connectivity Map (CMAP) 2.0 collection examined at 6 hrs in MCF-7 cells,
64 were found to activate ERα and 40 to suppress ERα. These included
many known agonists and antagonists of ERα as well as chemicals not
previously associated with ERα modulation. The novel drugs included
5 or more in each of the categories: anti-parasitic, antihistamine, and
antibiotic. The majority of the identified chemicals were also detected
as active in two Tox21 ERα trans-activation assays in either agonist or
antagonist modes. However, a number of chemicals were found to activate ERα in MCF-7 cells using the biomarker approach but were inactive in the Tox21 assays. These chemicals were characterized further
using estrogen receptor element-luciferase trans-activation assays in
aromatase expressing MCF-7 cells (AroER tri-screen) as well as cell free
assays which examine the ability of human ERα to interact with ~150
peptides from coactivators and corepressors after chemical exposure.
Five chemicals were active in the luciferase assays but unlike our positive control (17β-estradiol) did not induce interactions between ERα and
co-regulator peptides. In addition, progesterone receptor (PR) agonists
activated ERα while the one PR antagonist (RU486) tested suppressed
ERα. A number of agonists of the liver X receptor and glucocorticoid
receptor acted as antagonists of ERα. This study identified novel chemical modulators of ERα, some of which appear to act like non-classical
activators. This abstract does not represent US EPA policy.

1501 The Environmental Estrogen, Bisphenol A,

Induces Lower Urinary Tract Dysfunction in
Adult Male Mice

J. L. Wynder3, T. M. Nicholson2, N. Lamarre3, A. Waldman3, F. vom
Saal1, C. M. Vezina3, D. E. Bjorling3, and W. A. Ricke3. 1University of
Missouri, Columbia, MO; 2University of Washington, Seattle, WA;
and 3University of Wisconsin-Madison, Madison, WI.
Bisphenol-A (BPA) is a monomer used in polycarbonate plastic bottles
and various other consumer products like canned goods and dental
sealants. It is estimated that over six billion pounds of BPA is produced
globally each year. Sources of exposure to BPA include contaminated
foods and beverages, dust, thermal receipt paper, air, and various
other matrixes. BPA exposure has been associated with reproductive
issues, prostate cancer, and various other metabolic diseases. Benign
Prostate Hyperplasia is characterized by enlargement of the prostate
and is closely associated with the development of lower urinary tract
symptoms (LUTS) including increased voiding frequency and decreased
voiding volumes. While many factors may contribute to BPH/LUTS this
disease has been intimately linked to steroid hormones including testosterone (T) and 17beta-estradiol (E2). Given humankinds widespread
exposure to environmental estrogens such as BPA we hypothesized that
BPA would play a role in the development of lower urinary tract dysfunction (LUTD) in adult male mice and impair mouse voiding behavior.
Adult (45-60 days of age) male C57Bl/6 mice were treated with slow
release subcutaneous pellets containing T+BPA, T+E2 (positive control),
or untreated for eight weeks, as we have described previously. Mice
treated with T+BPA developed significantly (P<0.05) enlarged bladders
and prostates compared to the control untreated mice. Spontaneous
void spot assays were used to evaluate voiding behavior, measuring
spot number, spot size, and void volume. We observed that T+BPA exposure significantly (P<0.05) increased the frequency of voids, number of
urine spots, and decreased the average size of each void. We conclude
that BPA exposure induces LUTD in male mice.

1502 Tetrabromobisphenol-A Promotes Early

Adipogenesis and Lipogenesis in 3T3-L1 Cells

V. A. Chappell1, A. Janesick2, B. Blumberg2, and S. E. Fenton1.
1NIEHS, Research Triangle Park, NC; and 2University of California
Irvine, Irvine, CA.
Tetrabromobisphenol-A (TBBPA) is the most common flame retardant
used in electrical housings, circuit boards and automobiles. It is a brominated analog of Bisphenol A, sharing chemical similarity to estrogens and impairs thyroxine activity through binding of transthyretin.
Recently, TBBPA was shown to be an agonist of the human peroxisome
proliferator-activated receptor gamma (PPARγ), the master regulator of
adipogenesis. In a collaborative National Toxicology Program project,
using Tox21 phase II high-throughput screening data, TBBPA was identified as a compound that has the potential to alter multiple signaling
pathways involved in the progression of obesity. We hypothesize that
TBBPA causes alterations in expression of genes that are critical for
normal adipogenesis. To this end we utilized the 3T3-L1 preadipocyte
differentiation model, where cells were induced to differentiate and
treated with either rosiglitazone (1uM; positive control) or TBBPA (1pM
to 10uM) in triplicate, treatments were replenished every other day for
8 days. High-content imaging was used to analyze adipocyte number
and lipid droplet accumulation. In parallel, RNA was isolated on days 1,
2, 4, 6, and 8 for quantitative PCR analysis of genes related to adipogenesis, adipocyte function and maintenance. In addition, TBBPA’s ability
to activate nuclear receptors was assessed for the human glucocorticoid receptor (GR), retinoid acid receptor alpha (RXRα) and the mouse
PPARγ receptor. High-content imaging of differentiated adipocyte cells
treated with TBBPA resulted in a significant increase in both lipid accumulation (10-10M, 10-8M, and 10-5M) and adipocyte number (10-10M to
10-5M). TBBPA was unable to induce activity of GR and RXRα; however,
TBBPA did show weak mPPARγ induction (10-5M). In concurrence with
the literature, TBBPA exposure increased mRNA levels of Pparg, Irs1,
and Lpl starting at 4 days post treatment. Nevertheless, TBBPA exposure increased mRNA levels of adipogenesis genes involved two days
earlier then PPARγ gene expression. Although, TBBPA was thought to
primarily trigger the PPARγ signaling pathway, leading to enhanced adipogenesis and lipogenesis, our data suggest the upregulation of targets
much earlier in the pathway and may involve the commitment phase of
adipose cell fate.

1503 The Effects of PCB Congeners and PCB Mixtures
on Pancreatic Function

J. Jin, H. x. Shi, K. C. Falkner, and M. C. Cave. University of
Louisville, Louisville, KY.
Background/Introduction Polychlorinated biphenyls (PCBs) are endocrine and metabolism disrupting chemicals (EDCs/MDCs) that increase
susceptibility to NASH and diabetes mellitus (DM) in exposed populations. Multiple epidemiological studies have revealed associations
between PCBs and DM. The detailed mechanisms of dioxin-like (DL)
and non-dioxin-like (NDL) PCB-induced DM are unclear. Hypothesis/
Objective PCBs cause the disruption of pancreatic function, which is
related to PCBs-induced DM. Methods C57BL6/J mice (8-10 weeks) on
synthetic TekLab TD06416 diet (10% fat) were treated by gavage with
Aroclor 1260 (20 mg/kg), PCB126 (20 µg/kg) and Aroclor 1260+0.1%PCB
126 added in corn oil for 2 weeks. After euthanasia, tissues were removed
for measurement of gene expression and histology. Results Of the four
groups (Control, Ar1260, PCB126, or Ar1260+PCB126), the decreased
expression of serum insulin was seen in the Ar1260+PCB126 treated
group. However, Ar1260- and to a lesser extent PCB126-treated groups
showed increased expression of serum insulin levels. A significant
decrease of the pancreatic transcription factor Nkx6-1 and its target gene
NR4a-1 was seen in Ar1260/PCB treated group, and while there was an
increased expression seen both in Ar1260- and PCB-treated groups. H&E
and Trichrome Staining demonstrated decreased pancreas mass with
acinar atrophy in the PCB treatment groups. Conclusions. In the pancreas, the PCB mixture synergistically down-regulated the expression of
insulin and transcription factors regulating βcell identity (Nkx6-1 and its
nuclear receptor target Nr4a-1). In addition to diabetes, PCBs may affect
other islet cell functions in pancreas. (Acknowledgements Supported by
grant 1 R01 ES021375 from the National Institute of Environmental Health
Sciences)

Metabolic Syndrome Patients with Impaired
Glucose Tolerance

G. K. Sodhi3, A. Mehta1, and B. Sharma2. 1Kurukshetra University,
Kurukshetra, India; 2Maharaja Agrasen University, Baddi, India;
and 3School of Pharmacy & Emerging Sciences, Baddi, India.
Sponsor: R. Mishra.
To determine the potential effects of Pioglitazone on beta-cell function
in metabolic syndrome patients with impaired glucose tolerance and
probe into the possible mechanisms. Experimental Design and Methods:
Twenty subjects were treated with Pioglitazone 25 mg/day for 2 months.
At baseline and after treatment, each subject underwent an IVGTT. The
acute insulin response (AIRg), the glucose disappearance rates (K) and
the ratio of Dinsulin/Dglucose (DI/DG) was calculated according to
IVGTT results. Hyperglycemic clamp study was conducted to determine
second-phase insulin response, insulin sensitivity index (ISI) and glucose
infusion rate (GIR). Euglycemic hyperinsulinemic clamp study was made
to measure the glucose disposal rate (GDR). Plasma glucose, free fatty
acids (FFAs), serum insulin and proinsulin levels were measured. Acute
insulin response unchanged after treatment, whereas the values of
coefficients and DI/DG increased. The second-phase insulin response
and GIR were both demonstrated marked increments. Pioglitazone
therapy also resulted in improvement of ISI value. And the increment
of GDR during the euglycemichyperinsulinemic clamp was also significant. Furthermore, a decrease in fasting proinsulin level was observed.
And plasma glucose, FFAs and serum insulin levels all declined. The
increase of DI1/DG1 was positively correlated with the improvement of
GDR and a positive relationship was observed. Short-term rosiglitazone
therapy improved beta-cell dysfunction, the mechanism might involve
the attenuation of insulin resistance. Impact Statement: Pioglitazone
therapy might arrest or delay the pathophysiologic process from IGT
to frank diabetes in subjects with IGT and metabolic syndrome, but
longterm prospective studies are needed to verify this possibility.

1505 Pyrethroid Insecticides Impact Murine 3T3L1 Preadipocyte Differentiation and Lipid
Production

J. K. Warmack, V. A. Chappell, M. DeVito, and S. E. Fenton. NIEHS,
Research Triangle Park, NC.
Pyrethroids are synthetic insecticides structurally similar to the natural
pyrethrins created by the flowers of pyrethrums (Chrysanthemum cinerariaefolium and C. coccineum). Due to its synthetic structural properties,
pyrethroids are resistant to elemental degradation and are therefore
ideal chemicals used in commercial household and agricultural insecticides. In 2011, the U. S. EPA listed the subclass of pyrethroids as endocrine
disruption chemicals (EDCs). Exposure to EDCs in the environment may
increase susceptibility to different metabolic diseases, including obesity.
Chemical disruption of adipogenesis may increase the number and size
of fat cells, rendering an organism more susceptible to obesity. As part of
a collaborative National Toxicology Program (NTP) project, using Tox21
phase II high-throughput screening data and other NTP databases, preliminary data from a blinded evaluation in 3T3-L1 cells indicated that
two pyrethroid chemicals were potential obesogens, Therefore, 13
pyrethroids were tested for their potential to alter preadipocyte differentiation (measured as adipocyte number and lipid accumulation) and
signaling pathways involved in the progression of obesity. Low passage
3T3-L1 preadipocyte cells were either induced to differentiate and/or
treated with rosiglitazone (1uM; positive control) or pyrethroid (1pM to
10uM) in quadruplicates, with media changes every other day for a total
of 8 days. The assays were repeated three different days. Hoescht or
Nile Red labeled cells were counted by high-content imaging for adipocyte number and lipid droplet accumulation. Differentiated adipocytes
treated with pyrethroids resulted in a significant increase in both adipocyte differentiation and lipid accumulation. Notably, three pyrethroids,
Deltamethrin, Tetramethrin, and Tralomethrin were shown to increase
adipocyte differentiation and lipid accumulation at the highest does
(10uM) in the absence of adipogenic media. Conversely, one pyrethroid,
Cyhalothrin demonstrated a possible inhibition of adipogenesis. These
data suggests that some pyrethroids may enhance adiopgenesis and
lipogenesis in 3T3-L1 cells in vitro, especially at the higher doses tested.
The effects of select pyrethroids on adipogenic and lipogenic signaling
pathways are currently under investigation.

1506 Identifying Environmental Chemicals with

Potential Adipogenic Activity Using In Vitro
High-Throughput Screening Data

S. E. Fenton2, K. A. Thayer2, W. A. Boyd2, V. A. Chappell2, Y.
Chen4, J. Pirone3, A. Tandon3, M. J. DeVito2, and D. G. Allen1. 1ILS,
Research Triangle Park, NC; 2NIEHS/NIH, Research Triangle Park,
NC; 3SciOme, LLC, Research Triangle Park, NC; and 4US FDA, Laural,
MD.
Understanding the role of environmental chemicals may play in the
development of obesity is an emerging public health issue, and identifying and prioritizing chemicals for testing poses a challenge. Tox21
includes high throughput screening (HTS) assays for nuclear receptor
targets known to regulate adipocyte differentiation and function: peroxisome proliferator-activated receptor, gamma (PPARγ), retinoid
X receptor, alpha (RXRα), and the glucocorticoid receptor (GR). Using
Tox21 HTS data from these assays, we identified chemicals that may
exhibit adipogenic or lipogenic effects. Twenty-eight chemicals were
predicted to activate ≥2 of the receptor targets (5 for PPARγ-GR; 21 for
PPARγ-RXR; 2 for GR-RXR); these chemicals were prioritized for independent targeted testing to confirm PPARγ, RXR, and GR activation activity.
We also considered other available evidence to help interpret findings,
including the peer-reviewed literature and results of animal studies
accessible in the US EPA’s ToxRef and National Toxicology Program’s
Chemical Effects in Biological Systems (CEBS) databases. The Tox21
activity calls for the chemicals that caused increased body weight or
weight gain in animal studies (from ToxRef and CEBS) included PPARγ
(n=7) or RXR (n=5) and no chemical had GR-only as the Tox21 call, nor
was classified as an activator of more than one receptor. We compared
the chemicals prioritized in our analysis of Tox21 chemicals to those prioritized in an analysis of 1860 chemicals tested in ToxCast Phase 2 using
a prediction model for adipocyte differentiation. Of the 1860 chemicals
tested in the ToxCast adipocyte differentiation model, 1051 had a score
of 0 and were predicted inactive and 66 pharmaceutical and environmental chemicals had scores of >0.1, and were considered active. More
research is required to put these screening level analyses into context,
but the information presented in this analysis and our on-going tests in
cells in vitro will facilitate development of new hypotheses and identification of research gaps.

1507 Effects of Neonicotinoids on Aromatase

(CYP19) Activity and Hormone Production in a
Fetoplacental Co-Culture Model

T. Sanderson, l. Caron-Beaudoin, R. Viau, A. Hudon Thibeault, and
C. Vaillancourt. INRS-Institut Armand-Frappier, Laval, QC, Canada.
Aromatase (CYP19) is a key enzyme in the biosynthesis of estrogens
and it is expressed in a promoter- and tissue-specific manner. Estrogens
are critical for healthy pregnancy and in the placenta, CYP19 is highly
expressed via its unique placental I.1 promoter. Little is known about the
endocrine disrupting potential of neonicotinoid insecticides on CYP19
expression, but impaired estrogen production during pregnancy can
lead to adverse pregnancy outcomes. We determined the effects of
imidacloprid, thiacloprid and thiamethoxam (0.1-10 μM) on aromatase
activity and hormone production in a co-culture model representing the
feto-placental steroidogenic unit. H295R cells with fetal adrenocortical
characteristics and BeWo trophoblast-like cells were co-cultured and
exposed to each of the three neonicotinoids for 24h. Aromatase activity
in fetal (H295R) and placental (BeWo) compartments were measured
by tritiated water-release assay. Estradiol, estrone, estriol, dehydroepiandrosterone (DHEA), androstenedione and β-human chorionic gonadotropin (β-hCG) production was determined by ELISA. In the co-culture, all three neonicotinoids increased aromatase activity in H295R
and BeWo cells. Thiacloprid and thiamethoxam induced estradiol,
estrone, DHEA and β-hCG production, but inhibited estriol synthesis.
Imidacloprid induced estradiol, DHEA and β-hCG production, and also
inhibited estriol production, but had no effect on estrone production.
Inhibition of pregnancy-specific estriol may be related to the metabolism of neonicotinoids by fetal CYP3A7, which is also the key enzyme
producing the 16α-hydroxylated metabolite of DHEA that is eventually
converted to estriol by placental aromatase. This is the first report of
the successful use of this unique feto-placental co-culture model as a
screening tool for the potential endocrine disrupting effects of neonicotinoids on hormone production and aromatase activity during pregnancy.
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1508 Linking In Vitro Cyclooxygenase Inhibition
to Disruption of Ovulation in Adult and
Gonadotropin-Primed Immature Rats

W. T. Farmer1,2,, A. S. Murr2, E. Lachendro1,2,, and T. E. Stoker2.
1ORISE, Oak Ridge, TN; and 2US EPA, Durham, NC.
Prostaglandins are key regulators of ovulation, luteolysis, and fertilization. Cyclooxygenase 2 (COX2) is an enzyme required for synthesis of
prostaglandin E2 (PGE2), which regulates follicular rupture and dispersion during ovulation. Several chemicals have been identified as COX2
inhibitors in two ToxCast assays. We hypothesized that these chemicals may disrupt ovulation in the female rat, and that such data would
support predictive modeling of female reproductive adverse outcome
pathways (AOPs). Using data provided by the ToxCast assays for
Celecoxib (CXB), a known selective COX2 inhibitor (IC50 of 0.15 μM) and
Butylparaben (BPN), a newly identified COX2 inhibitor (IC50 of 10 µM),
we evaluated the effects of these EDCs on adult and gonadotropin stimulated immature female rats to assess their effects on ovulation. BPN is a
common antimicrobial in cosmetics and is frequently used as a food preservative. Adult female rats were dosed orally with vehicle control, CXB
(7 dose groups, 3.125 to 200 mg/kg), or BPN (6 dose groups, 7.81 to 250
mg/kg) 5 hours prior to the LH surge. The percentage of animals that
ovulated was significantly decreased by doses of CXB at 50, 100, and
200 mg/kg (P < 0.05), and by BPN at 125 mg/kg (P < 0.05) as compared
to controls. Of those that ovulated there was a significant decrease in
the mean number of oocytes ovulated in CXB females, but not in BPN
females. To decrease the inter-animal variability of hormones on the
day of proestrus, we administered the gonadotropins at precise times to
synchronize ovulation in immature females. Three hours prior to administering hCG (10IU), females were dosed with vehicle, CXB (50 mg/kg) or
BPN (125, 250, 500 mg/kg). CXB exhibited a 44.4% significant reduction
in ovulation (p < 0.05) compared to controls, while BPN females (125,
250, 500 mg/kg) showed a dose-dependent decrease in ovulation of
22.1, 29.8, and 39.3%, respectively. However, only the two highest doses
were significantly different from controls (250, P <0.05; 500, P <0.01).
Therefore, COX2 inhibition by environmental chemicals such as BPN can
be linked to an adverse effect on ovulation. Additional data on PGE2
production would provide more quantitative linkages with ovulatory
outcomes for development of a quantitative AOP. This abstract does not
necessarily reflect US EPA policy.
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1509 An Evaluation of LH-Stimulated Testosterone
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Production by Highly Purified Rat Leydig Cells:
A Complementary Screen for Steroidogenesis in
the Testis

N. Botteri1,2,, J. Suarez2, S. Laws2, and G. Klinefelter2. 1ORISE, Oak
Ridge, TN; and 2US EPA, Research Triangle Park, NC.
The H295R steroidogenesis assay uses an adrenocarcinoma cell line
which fails to elicit LH-mediated responses. This limits the assay’s ability
to detect chemicals which disrupt LH-mediated Leydig cell responses
in the testis. We evaluated whether LH-stimulated testosterone (T) production by purified rat Leydig cells would be altered after exposure to
chemicals that failed to decrease T production in the ToxCast H295R
screen. Ten chemicals negative for T inhibition in the H295R screen
were selected based on alterations in upstream substrates (deoxycorticosterone, hydroxyprogesterone) expected to result in a decrease in T.
Based on earlier work, simvastatin served as our positive control. Each
chemical was tested over 6 concentrations ranging from 0.1 µM to 100
µM. Leydig cells were cultured overnight under maximal LH stimulation. A minimum of 3 replicate experiments were conducted for each
format (24 and 96 well) and chemical tested; cell viability was assessed
using a cytotoxicity kit. T data were excluded if viability was less than
80% of control. Initial evaluation using a 24-well Leydig cell assay confirmed that 4 of 10 chemicals produced significant (P < 0.05) concentration-related decreases in LH-stimulated T synthesis. To increase
throughput and efficiency, we adopted a 96-well assay and observed
that exposure to the same chemicals decreased T; in addition corticosterone decreased T. The lowest observed effective concentrations for
simvastatin, metconazole, anilazine, hydroquinone and corticosterone
were 0.1 µM, 1 µM, 3 µM, 10 µM, 100 µM, respectively. The 96-well assay
data revealed decreases in T at lower concentrations (anilazine, metconazole). Perhaps greater sensitivity of the 96-well assay is attributed
to the relative increase in T production by cells in this format compared
to the 24-well format (1436 vs 738 ng T/106 Leydig cells). Using similar
selection criteria, additional chemicals negative for T in the H295R cell
assay will be screened using the 96-well Leydig cell assay. We will also
determine chemical response with and without LH stimulation. The
inherently greater sensitivity afforded by cells making over 1µg of T,
together with the ability to capture LH-mediated alterations, makes the
Leydig cell assay a reasonable complement to the H295R steroidogenic
screen. This abstract does not reflect US EPA policy.

1510 Identification of Potential Sodium Iodide

Symporter (NIS) Inhibitors in ToxCast Phase1_v2
Chemical Library Using In Vitro Radioactive
Iodide Uptake (RAIU) Assay

J. Wang2,1,, D. R. Hallinger2, A. S. Murr2, A. R. Buckalew2, T. E. Stoker2,
and S. C. Laws2. 1ORISE, Oak Ridge, TN; and 2US EPA, Research
Triangle Park, NC.
The NIS is a transmembrane glycoprotein that mediates active uptake
of iodide into the thyroid, the critical first step of thyroid hormone
synthesis. Inhibition of NIS function by xenobiotic chemicals has been
demonstrated to suppress thyroid hormone synthesis and related
physiological functions. However, current knowledge regarding NIS
inhibition is limited for chemicals under the regulatory purview of the
US EPA’s Endocrine Disruptor Screening Program. Previously, we developed an RAIU screening assay to identify NIS inhibitors using a novel
cell line (hNIS-HEK293T-EPA) and demonstrated its high reproducibility
and accuracy. Here, we tested the ToxCast Phase 1_v2 chemical library
with the RAIU assay. A total of 310 blind samples (293 unique chemicals)
were initially screened in single-concentration format at 100 µM. Known
NIS inhibitors, NaClO4, NaNO3, and NaSCN, were included as RAIU positive controls, while 2,4-dichlorophenoxyacetic acid was included as a
negative control for both RAIU and cytotoxicity. Using 20% inhibition
as the hit-call threshold, a total of 180 chemicals were further tested in
multi-concentration (0.001 - 100 µM) format in the RAIU and cell viability assays. Toxicity-adjusted activity area (TAA, the area between the
RAIU and cytotoxicity dose-response curves) was calculated to rank the
tested chemicals. Using the TAA metric, 35 chemicals were ranked as
higher priority for further evaluation as potential thyroid toxicants. A
review of the literature showed that several of these putative NIS inhibitors (captan, fipronil, PFOS, 2-(thiocyanomethylthio) benzothiazole, and
triphenyltin hydroxide) have been reported to disrupt thyroid hormone
levels in vivo. Additional secondary in vitro and in vivo assays would
further support the prioritization of these top-ranked chemicals. This
abstract does not reflect US.EPA policy.

1511 Androgen Receptor Agonist Identification and
Characterization by Screening the Tox21 10K
Compound Library

C. Lynch2, S. Sakamuru2, R. Huang2, D. A. Stavreva1, L. Varticovski1,
G. L. Hager1, R. S. Judson4, K. A. Houck4, N. C. Kleinstreuer3, W.
Casey3, R. S. Paules3, and M. Xia2. 1National Cancer Institute,
Bethesda, MD; 2NCATS, Rockville, MD; 3NIEHS, Research Triangle
Park, NC; and 4US EPA, Research Triangle Park, NC.
The androgen receptor (AR) is a nuclear receptor whose main function
is to act as a transcription factor regulating gene expression for male
sexual development, while maintaining accessory sexual organ function. Pathological processes involving AR include Kennedy’s disease and
Klinefelter’s syndrome, as well as prostate, ovarian, and testicular cancer.
Strict regulation of sex hormones is required for normal reproductive
organ development and function. There is also a growing interest in
the health risk posed by contamination of the environment with endocrine-disrupting chemicals (EDCs). Therefore, profiling potential small
molecule modulators of AR could be an essential step in identifying
unknown EDCs and discovery of potential novel therapeutic compounds. We screened the Tox21 10K compound library in a quantitative
high-throughput format to identify AR agonists using two reporter gene
cell lines, AR-bla and AR-luc. Eighty-seven compounds including potential AR agonists were identified from the primary screen and included in
follow-up assays. The confirmation rates were 97.8% and 92.2% for the
AR-luc and AR-bla assays, respectively. An AR receptor binding assay
confirmed the receptor binding of the top 19 compounds. Concurrently,
an AR nuclear translocation assay was also used to confirm activity and
18 out of 19 compounds induced significant translocation. Using these
assays, we have identified multiple AR activators including seven novel
compounds, such as prulifloxacin, and confirmed activity of known AR
agonists, e.g. testosterone, to validate our approach. The information
provided by these assays can be directly used to prioritize compounds
for further in depth toxicological evaluations as well as their potential to
disrupt the endocrine system.

Ligand-Binding Domain Due to Antagonist
Binding Elucidated by Molecular Docking and
Dynamics Simualtions

S. D. Sakkiah, S. Chandrabose, W. Tong, and H. Hong. US FDA/
NCTR, Jefferson, AR.
Androgen receptor (AR) is a ligand-dependent transcription factor and
a member of the nuclear receptor superfamily. It plays a vital role in the
male sexual development and regulates genes expression in a variety
of tissues. Ligands binding to AR induce the conformational changes
in AR-LBD (ligand binding domain) which, subsequently, affects the
binding of co-regulator proteins and to the DNA binding domain.
Thus, three dimensional (3D) structures of AR-antagonist complexes
are essential for androgenic activity of chemicals which can be studied
using various computational techniques. Unfortunately, wild type
(WT)-AR-LBD complex with an antagonist is not available in the protein
data bank. Hence, we have applied molecular docking and molecular
dynamics simulations to identify the important residues involved in
the structural changes due to antagonist binding. Molecular docking
was carried out to determine the binding orientation of the antagonist (Bicalutamide) in the ligand binding pocket (LBP) of AR-LBD. The
complexes of WT-AR-LBD with Bicalutamide, WT-AR-LBD with agonist
(R1881), and mutant-AR-LBD with antagonist (Bicalutamide) obtained
from molecular docking were optimized through 100 nanoseconds (ns)
molecular dynamics simulations to identify the conformational changes
in the LBD and the activation function 2 (AF2) site. The results revealed
that the binding of the antagonist in WT-AR-LBD moved the residues
present in the H12 (Phe222, Met226, and Ile230) and Arg726 outward
when compared with the WT-AR-LBD-agonist. The displacement of residues in the H12 pushed the helix outwards and the Arg726 distorted
the AF2 site, which may play a major role in binding of co-regulators.
The structural changes elucidated in this study could be helpful to gain a
structural insight of WT-AR-LBD-antagonist, which are expected to facilitate the development of in silico predictive models for identification
of potential AR antagonists. Disclaimer: This presentation is not a formal
dissemination of information by US FDA and does not represent agency
position or policy.

1513 Investigation of Mycosynthesised Silver

Nanoparticles Toxicity on Human and Bacterial
Model

I. R. Gupta1, and M. Rai2. 1Institute of Science, Aurangabad, India;
and 2S.G.B. Amravati University, Amravati, India. Sponsor: U. Apte.
The fast growth of nanotechnology assures the great benefits for
society. But with its growth some environental concerns are raising
which could have considerable societal implications. Nanotoxicology
is the emerging field to study such issues. It includes the study of possible hazardous impacts of nanomaterials in biological systems in vitro
or in vivo. Now a days nanoparticles are being used for various applications. Compared to other nanoparticles, silver nanoparticles (AgNps)
are mostly used in the field of medicine. Various studies have already
shown that AgNps have better antimicrobial activity. They are reported
to have better antibacterial activity on various pathogenic bacteria too.
However, AgNps synthesised by using fungi were reported to be more
effective as in comparison to the AgNps synthesised by physical or
chemical route. There are studies reporting the accumulation of AgNps
in the human and environment, thereby causing the toxic effects.
Likewise, it is required to study the toxicity of mycosynthesised AgNps
on human and environment. Therefore, the aim of present study was to
evaluate the toxicity of mycosynthesised AgNps on human and bacterial
model. For this purpose we synthesized AgNps by using fungi belonging
to the genus Fusarium. The synthesized AgNps were firstly characterised
by UV-Vis spectrophotometer, FTIR, Zeta sizer, Nanosignt LM20, XRD
and TEM. Some human cell model and Pseudomonas putida, a bacterial
model were then exposed to the synthesised AgNps. By using various in
vitro toxicity assays, we observed that AgNPs shown toxicity to human
cell model by causing damage to its cell membrane, resulting into the
leakage of cellular content, leading to the cell death. It was also found to
show its toxic effects to bacterial cell at the concentration ranging from
0.4 to 0.8 µg/ml. The present study thus signifies toxicological issues to
be emphasied prior to the applications of AgNps..

1514 Toxicological Response of Healthy and

Asthmatic 3D In Vitro Airway Model to CuO
Nanoparticles at the Air-Liquid Interface

I. M. Kooter1, M. Grollers-Mulderij2, E. Duistermaat3, F. van
Acker3, and F. Kuper2. 1TNO, Utrecht, Netherlands; 2TNO, Zeist,
Netherlands; and 3Triskelion, Zeist, Netherlands. Sponsor: A.
Dankers.
In this study we investigated the biological effects of three concentrations of CuO and carboxylated CuO nanoparticles on human 3D in
vitro airway model of healthy and asthmatic origin. The human 3D in
vitro airway model consist of human stem cells and fully differentiated
human ciliated respiratory and goblet cells. The epithelial lining is
covered by a mucus layer that is produced by goblet cells and moved
by ciliary beating. The cells form a layer with an intact integrity (at least
in the healthy inserts), and are apically exposed to air, allowing a realistic exposure to a test atmosphere. CuO was tested at low, mid, and
high concentrations of 23, 120, 470 mg/m3 for CuO and of 32, 128, 495
mg/m3 for CuO-COOH respectively. Results were obtained on the exposure characteristics (SEM, deposition, APS/SMPS). Exposure of cells from
healthy (n=3) and asthmatic origin (n=5) resulted in visual observable
particle deposition. Cells of asthmatic origin showed a less homogenous
cell layer compared to the cells of healthy origin. Aerosol exposures to
CuO showed 5% cytotoxicity (LDH) at the highest concentration in the
cells of healthy origin. The cytotoxicity response of the cells of asthmatic
origin shows a dose response which reaches around 15% toxicity at the
highest concentration. Cytokines (IL-8, IL-6 and MCP-1) showed a dose
response in both cells of healthy and asthmatic origin, after exposure to
CuO. In the highest concentration applied the response of the healthy
cells is higher, which might be due to more cells (due to less cytotoxicity) compared to the asthmatic cells. Aerosol exposures to the carboxylated CuO (CuO-COOH) resulted in 5% cytotoxicity (LDH) at the highest
concentration in the cells of healthy origin. The cytotoxicity response
of the cells of asthmatic origin shows a dose response wich reaches
around 10% toxicity at the highest concentration. Cytokines (IL-8, IL-6
and MCP-1) showed a dose response in both cells of healthy and asthmatic origin, after exposure to CuO-COOH. In the highest concentration applied, the response of the healthy cells is lower for CuO-COOH
compared to CuO exposure. We conclude that human 3D in vitro airway
models of healthy and asthmatic origin can be used to study the biological effects of different forms of CuO nanoparticles.
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1515 Multi-Branched Gold Nanoparticles (MBAuNPs)
Induce Oxidative Stress and Increase Cellular
Metabolic Activity and Proliferation in Human
Urothelial Cells

C. Escudero-Lourdes2, K. A. López-Varela1, E. E. Uresti-Rivera2,
and J. L. Rodriguez-Lopez1. 1Instituto Potosino de Investigacion
Cientifica y Tecnologica (IPICYT), San Luis Potosi, Mexico; and
2Universidad Autonoma de San Luis Potosi, San Luis Potosi,
Mexico.
Due to their optical, photo-thermal and biocompatibility properties,
gold nanoparticles (AuNPs) are promising nanomaterials for cancer
treatment. Gold multi-branched NPs (MBAuNPs) have unique optical
properties compared to spherical AuNPs of the same core diameter
because the spiky surface causes a red shift in the surface plasmon and
a larger enhancement of the electromagnetic field. Therefore MBAuNPs
have been assayed for localized photo-thermal therapy in cancer. Like
the MBAuNPs physicochemical properties change with respect to
spherical NPs, toxicity may also be different; however, this has not been
extensively evaluated. AuNPs are eliminated from the blood via urinary
system, therefore urothelial cells are potential targets for their toxic
effects. In this work, bare MBAuNPs and coated with BSA (BSA@MBAu),
having a diameter ranging 100-150 nm, were evaluated for cellular toxicity in an immortalized human urothelial cell line (UROtsa). Cells were
incubated with MBAuNPs or BSA@MBAu for 24 and 48 h with 1x103 to
1x107 AuNPs/ 8000 cells. Cellular toxicity assays included: i) microscopic
morphology examination, ii) lactate dehydrogenase (LHD) release, iii)
metabolic activity through MTS transformation, iv) proliferation by BrdU
incorporation and v) oxidative stress induction through 2’7’dichlorodihydrofluorescein diacetate (DCFH-DA) oxidation. Results indicated that
neither BSA@MBAu nor bare MBAuNPs significantly modified cellular
morphology in urothelial cells in terms of LDH release. However, both
BSA@MBAu and bare MBAuNPs increased cells metabolic activity and
proliferation after 24 and 48 h. Both AuNPs induced a discrete but significant oxidant stress in urothelial cells. These effects were more important
in cells cultured with bare MBAuNPs, confirming that BSA enhances the
AuNPs biocompatibility. These results suggest that, at tested concen-
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1512 Structural Changes of Androgen Receptor

trations, MBAuNPs may induce inflammation and cellular proliferation,
undesirable effects on any AuNPs that are intended for medical use.
Long-term exposure studies with MBAuNPs need to be conducted to
determine whether these effects are only transitory or if they induce
long-lasting consequences on cells.

1516 An Integrated Approach for Assessing the
Inhalation Toxicity of Nanomaterials

Sharma4,

M.
B.
H.
S.
F. Zerimariam1, M. J. D. Clift5, V. Stone2, P. Hayden3, A. Maione3,
and A. J. Clippinger4. 1Adolphe Merkle Institute, Fribourg,
Switzerland; 2Heriot-Watt University, Edinburgh, United Kingdom;
3MatTek Corporation, Ashland, MA; 4PETA International Science
Consortium, London, United Kingdom; and 5Swansea University
Medical School, Swansea, United Kingdom.
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Inhalation is the most prominent means of exposure to manufactured
nanomaterials (NMs). While the current regulatory requirement for substances of concern in many jurisdictions is a 90-day rodent inhalation
study, there are monetary, ethical, and scientific concerns associated
with this test. Therefore, non-animal approaches are being sought to
assess the hazard associated with these NMs. One such approach has
been developed to assess the potential of multi-walled carbon nanotubes (MWCNTs) to cause pulmonary fibrosis, a critical adverse outcome
linked to prolonged NM exposure. Relevant human lung cells are
exposed to MWCNTs at suspension or at the air-liquid interface (ALI)
while considering human-relevant dosimetry. Mono- and co-cultures
of human cell lines–including alveolar epithelial cells (A549), fibroblasts
(MRC-5), and macrophages (THP-1)–were exposed to two types of
MWCNTs (Mitsui 7s and Nanocyl) at different concentrations (5, 10, and
20 µg/ml for suspension and 2-10 µg/cm2 for ALI exposures) to assess
the pro-fibrotic response. The results from the suspension experiments
with mono-cultures demonstrate that acute (24 h) or prolonged (96 h)
exposure to different concentrations of Mitsui-7 do not induce any cytotoxicity (assessed by lactate dehydrogenase release), however, an induction of pro-inflammatory (assessed by interleukin (IL)-8, tumor necrosis
factor-alpha, and IL-1 beta levels) and pro-fibrotic response (assessed
by osteopontin levels) was observed following the prolonged exposure of 96 h which might indicate the onset of pulmonary fibrosis. ALI
exposures also revealed that prolonged exposures are more suitable
to predict pro-fibrotic effects as demonstrated by the slight increase
in osteopontin levels in the basal medium. This work will be complemented by comparative studies using a reconstructed primary human
alveolar tissue model (EpiAlveolar, MatTek Corp). When combined
with other in vitro and in silico methods in an integrated approach, this
system could be used to predict pulmonary toxicity and to enable effective risk assessment of substances including MWCNTs.

1517 Signaling Pathways Involved in Nanosilica-

Induced Chemokine Responses in Different
Human Epithelial Lung Cells

M. Låg1, T. Skuland1, A. Godymchuk2, and M. Refsnes1. 1Norwegian
Institute of Public Health, Oslo, Norway; and 2Tomsk Polytechnic
University, Tomsk, Russian Federation. Sponsor: B. Granum.
Non-crystalline (amorphous) silica particles of submicro- and nanosize
are produced in large amounts with a wide range of applications for
consumers, and also with potential medical applications. Different particle sizes of the same material may have different properties and induce
toxicity via separate mechanisms. We have previously shown a role for
EGF-receptors as silica nanoparticles (SiNPs) of 50 nm size (Si50) induced
marked cytokine responses via a TACE/TGF-α/EGFR-cascade, acting in
concert with the classical NF-κB pathway in the bronchial epithelial cell
line, BEAS-2B. The aims of this study were to investigate and compare
the acute chemokine responses of Si50 with a smaller SiNP (10 nm; Si10)
in both BEAS-2B cells and another bronchial cell line, HBEC, and to determine the role of signaling pathways in these two different epithelial cell
lines. BEAS-2B and HBEC were grown in LHC-9-medium and substituted
with DMEM/F12-medium 1 day prior to particle exposure. The cells were
exposed with SiNPs of two sizes Si10 and Si50. The SiNPs were characterized with respect to size (by transmission electron microscopy), surface
area and chemical composition, and dynamic light scattering (DLS) in
exposure media. The expression and release of the chemokine CXCL8
were analyzed by real time PCR and ELISA. Involvement of signaling
proteins were studied by using chemical inhibitors, gene silencing
(siRNA) together with activation/ phosphorylation of the signaling proteins (MAPKs and NF-κB) by Western blotting. The pro-inflammatory
responses and cytotoxicity varied between the two SiNPs. The expressions and releases of CXCL8 were much higher for Si10 than for Si50.
The chemokine responses were similar in the two epithelial lung cell
cultures. For both SiNPs the CXCL8 responses seemed to be mediated

partly through epidermal growth factor receptor (EGFR) and the MAPKs
p38 and JNK. Thus, Si10 and Si50 are suggested to mediate chemokine
responses by the same signaling proteins, but to different extent. In conclusion, particle sizes together with other physical/ chemical characteristics seem important for the chemokine responses in bronchial epithelial
cell lines.

1518 Impact of Long-Term Exposure to Nanocellulose
Materials on the Morphological Transformation
of Human Lung Epithelial Cells

E. R. Kisin2, N. Yanamala2, A. Menas2, M. T. Farcas2, M. Russo1, D.
Schwegler-Berry2, A. Star3, V. E. Kegan3, and A. A. Shvedova2,4,.
1Catholic University of the Sacred Heart, Rome, Italy; 2NIOSH,
Morgantown, WV; 3University of Pittsburgh, Pittsburgh, PA; and
4West Virginia University, Morgantown, WV.
The wide use of nanocellulose (NC) materials in industrial applications
requires the investigation of their effects on human health, especially
their long-term effects that have not been addressed. In this context,
the aim of the present study was to evaluate the potential carcinogenic effect of cellulose nanocrystals (CNC) - one of the major forms
of NC, using epithelial cells of pulmonary origin (BEAS-2B and A549).
We demonstrated here that prolonged exposure (4 weeks) of the cells
to occupationally relevant sub-toxic concentration (30 μg/cm2) of two
forms of CNC (powder and gel) derived from wood, enhanced neoplastic-like transformation. It is evidenced by increased cell proliferation,
anchorage-independent growth, migration and invasion. A strong activation of cells resulted in the high number of cytoplasmic vacuoles, finger-like protrusions, lipid droplets and multi-nucleation. Additionally, a
significant depletion of antioxidants, accumulation of oxidatively modified proteins and an increase in lipid peroxidation products were found
in the cells exposed to CNC. Apoptosis analysis displayed no effect in
A549 and inhibitory effect of CNC in BEAS-2B cells. Furthermore, the
signaling mechanisms of the cells were precisely defined by their cytokine responses. The increased proliferation was synergistic and mediated by both pro-inflammatory and pro-carcinogenic cytokines. Overall,
our results provide new evidence to suggest the potential carcinogenic
effect of CNC.

1519 Utilizing the Asialoglycoprotein Receptor to

Produce Targeted Hepatocellular Toxicity
through Magnetically Mediated Energy Delivery
Using Iron Oxide Nanoparticles

K. Kircheval, and S. M. Roberts. University of Florida, Gainesville,
FL.
Iron oxide nanoparticles (IONPs) have shown promise for use in cancer
therapies by producing selective toxicity in cancer cells. Selective
toxicity is achieved through targeted uptake of IONPs by cancer cells
and delivery of energy with an alternating magnetic field (AMF). The
magnetic properties of superparamagnetic IONPs allow for magnetic
mediated energy delivery, causing the activation of cell death pathways;
however, the mechanism by which this occurs is unclear. One proposed
mechanism is through permeabilization of lysosomes, releasing digestive enzymes and ROS. The goal of this research was to create stabile
colloidal IONPs that are sequestered by lysosomes and induce cell death
in human hepatocellular carcinoma (HCC) cells. This study utilizes the
asialoglycoprotein receptor (ASGr) to target galactose modified IONPs
to hepatocytes through receptor mediated endocytosis, which results
in an increased IONP concentration in the lysosomes. IONPs were synthesized using a co-precipitation method and modified by using functional amines to bind to lactose, exposing a galactose saccharide. IONPs
with capped amines and no terminal galactose were used as control
particles with respect to receptor-mediated uptake. Transmission electron microscopy (TEM) showed the average core size to be 16.6±2.1 nm,
and dynamic light scattering showed the average hydrodynamic radius
to be 28.2±3.1 and 295.3±62.6 nm for capped and galactose modified
particles, respectively. When IONPs in cell media were exposed to AMF
(19.9 kA/m, 110.1 kHz) for 10 minutes, temperature increased 17.7°C for
capped and 18.9°C for galactose modified IONPS, indicating that the
functional coatings did not impair response to AMF. Using a human liver
cancer cell line (Huh7), IONPs uptake increased by 2.1 fold utilizing the
galactose targeting ligand. Increased uptake of IONPs was confirmed
by ICP-MS. Increased IONP uptake was not observed in a human kidney
cell line (HEK293) without ASGr, or when the ASGr competitive inhibitor
α-lactose was added. TEM analysis showed that sequestering of IONPs
occurred within the lysosome. These results demonstrate the ability
to increase delivery of superparamagnetic particles to the lysosomes
within liver cancer cells through the ASGr receptor. Future experiments will examine whether the cytotoxicity of these particles can be
enhanced by delivery of energy through AMF.

Nanoparticle-Induced Cytokine Formation in
Bronchial Epithelial Cells

1522 Effect of Tin Dioxide Nanoparticles on Cell

Viability, Morphology, Size, Granularity and
Migration in Lung Epithelial Cells

M. A. Refsnes1, T. Skuland1, A. Godymchuk2, and M. Låg1.
1Norwegian Institute of Public Health, NIPH, Oslo, Norway; and
2Tomsk Polytechnic University, Tomsk, Russian Federation.
Sponsor: B. Granum.

O. Ispanixtlahuatl-Meraz2,1,, and Y. I. Chirino2. 1Programa
de Doctorado en Ciencias Biomedicas, Universidad Nacional
Autonoma de Mexico, Mexico City, Mexico; and 2Universidad
Nacional Autonoma de Mexico, State of Mexico, Mexico.

A major challenge in nanoparticle (NP) research is to elucidate critical
initial targets that mediate NP signalling events which lead to cytotoxicity and inflammation. The aim of the present study was to elucidate
the roles of scavenger receptors (SRs) in silica (Si)-NP-induced cytokine
responses. The human bronchial epithelial cell line, BEAS-2B, was used,
grown in LHC-9-medium and substituted with DMEM/F12-medium 1
day prior to SiNP (0-200 µg/ml) exposure. The cells were exposed with
SiNPs of 10 nm (Si10) and 50 nm (Si50) sizes. The SiNPs were characterized with respect to size (by transmission electron microscopy),
surface area and chemical composition, and dynamic light scattering
(DLS) in exposure media. The release of CXCL8 and IL-6, and the growth
factor TGFα, were analyzed by ELISA. The expressions of the scavenger
receptors; SR-B1, LOX-1 and CXCL16, were determined by real time PCR
before or after gene silencing with siRNAs. The phosphorylation of the
signaling proteins (MAPK p38 and NF-κB) were analysed by Western
blotting. The roles of the respective SRs in cytokine responses were
examined by using siRNA and a chemical SR-B1-inhibitor, BLT-1(block
lipid transport). Cells exposed to the SiNPs, showed marked cytokine
responses (CXCL8, IL-6 and TGFα) after 20 h exposure, with Si10 as
most potent. The BEAS-2B cells showed expression of SR-B1, LOX-1
and CXCL16, which was substantially knocked down by the siRNAs.
Notably, siRNA against SR-B1, partially reduced all the SiNP-induced
cytokine responses. The siRNA against the scavenger receptors LOX-1
and CXCL16 also reduced the SiNP-induced cytokine responses, but to a
less extent than siRNA against SR-B1. BLT-1 partially reduced the levels
of IL-6 and CXCL8 induced by SiNP. Furthermore, siRNA against SR-B1 in
Si10-exposed cells, did not affect p38- and p65 (NF-κB)-phosphorylation.
In conclusion, our data show that the scavenger receptor SR-B1 seems
to have an important role in mediating IL-6 and CXCL8 responses by
SiNPs of different sizes in BEAS-2B cells. Notably, SR-B1 seems to act via
TACE-linked EGF-R activation, but not involving p38- and presumably
not NFkB pathways. To which extent SR-B1 mediates the effects of other
types of NPs, and whether this is a direct or indirect effect, needs to
be examined, in addition to the relationship between NP structure and
effect

Engineered nanomaterials (EMN) are widely used for biomedical and
industrial applications, which has highlighted the warning of possible
side effects, specifically by inhalation in environmental settings. Some
of the most produced ENM belong to the metal oxide nanoparticles
category and they have oxidative and pro-inflammatory properties but
also can induce cell death after internalization. Tin dioxide nanoparticles (SnO2-NPs) is one of the newest metal oxide nanoparticles which
are nowadays under research, specifically to produce nanocomposites, however, the toxicity studies of tin dioxide are limited and there is
only information about possible cytotoxicity on a hepatocellular carcinoma cell line. For this reason, in this study we evaluated the effect of
SnO2-NPs exposure on lung epithelial cells, which can be the primary
target by inhalation. SnO2-NPs were characterized by scanning electron
microscope and cell cultures were exposed to 1, 10 and 50 µg/cm2 of
SnO2-NPs for 24 h. Then, the morphology, the cell viability, the size, granularity and cell migration was evaluated and results were analyzed by
non-parametric test (>0.05) using GraphPad Prim 6. The primary size of
SnO2-NPs was <100 nm of diameter and cell cultures showed nanoparticles internalized but morphology, cell viability, cell size, granularity and
cell migration were unaffected. Exposure to SnO2-NPs (1, 10 and 50 µg/
cm2) had no evident cytotoxicity effects on lung epithelial cells after 24
h. These results highlight the evidence that toxicity of each nanoparticle
must be analyzed independently, since some of the evidence of toxicity
of some other metal oxide nanoparticles cannot predict the toxicity of
tin dioxide.

1521 Amorphous Silica Coating Potentially Protects

against Iron Homeostasis Disruption Induced
by Nano-Iron Oxide in Acute and Sub-Chronic In
Vitro Exposure Models

T. Kornberg3, T. Stueckle3, D. Davidson2, R. Derk2, P. Demokritou1,
and L. Wang3. 1Harvard University, Boston, MA; 2NIOSH,
Morgantown, WV; and 3West Virginia University, Morgantown,
WV.
Nano-scaled iron oxide (nFe2O3) has unique physicochemical properties which allow for its use in a wide range of applications, including
advanced drug delivery systems and environmental catalysts. However,
the existing literature is conflicting as to this particle’s ability to induce
adverse effects via inhalation - a particular concern for those exposed
in an occupational setting. Our previous work showed that a continuous delivered dose (0.18 µg/cm2) of nFe2O3 induced a neoplastic-like
transformation in human primary small airway epithelial cells after 10
weeks exposure, with evidence suggesting that this transformation is
related to disruption of iron homeostasis in the exposed cells. Herein,
we utilized a sub-chronic exposure model to investigate the potentially protective qualities of an amorphous nano-silica (nSiO2) coating
on nFe2O3-induced bio-effects using a human lung bronchial epithelial
cell line. Starting at 2.5 months of continuous exposure (administered
dose of 0.6 µg/cm2), nFe2O3 treated cells displayed significantly elevated
mitochondrial activity and reactive oxygen species (ROS) generation, as
compared to non-treated controls, and this activity became dramatically heightened starting at 4 months of exposure. Cells sub-chronically
exposed to nSiO2-nFe2O3, however, showed no significant mitochondrial activity or ROS generation increase compared to non-treated
cells. Furthermore, starting at 3 months continuous exposure, nFe2O3
exposed cells possessed elevated intracellular iron levels compared to
both nSiO2-nFe2O3 treated and non-treated cells, indicating that nSiO2
-coating has the potential to reduce or prevent particle solubilization,
thus reducing iron homeostasis overload and subsequent adverse outcomes. Overall, our data suggests that nSiO2 coating has the potential to
protect against nFe2O3-induced iron homeostasis disruption and subsequent cellular transformation, supporting a strategy for safe-by-design
nanoparticle manufacturing.

1523 Effect of Substrate Stiffness and Topography on
Nanoparticle-Induced Toxicity and Endocytosis

M. T. Nelson1, S. M. Bushman1, C. Yie2, and S. M. Hussain1. 1Air Force
Research Laboratory, Wright-Patterson Air Force Base, OH; and 2US
Air Force Academy, Colorado Springs, CO.
Substrate mechanics and topography play a major role in lung health
and pathophysiology. Exposure to nanoscale particles by inhalation
have been shown to induce acute and chronic toxicity effects often
causing a significant inflammatory response. Continued exposure producing damage to the lung tissue can result in a chronic conditions
including excessive matrix deposition, cellular proliferation, and disorganized remodeling of the extracellular matrix leading to pathological microstructures and increased tissue moduli. Several studies have
proven the importance of substrate modulus, but none have investigated the effect substrate mechanics and topography have on nanoparticle induced toxicity and up-take. In this study Sylgard 184 and 527
polydimethylsiloxane (PDMS), a biocompatible elastomeric polymer,
were used to create cell substrates ranging in modulus from 5 - 5,000
kPa simulating a wide range of physiological tissue stiffness. In addition,
electrospun biomimetic nanofibers were fabricated from polycaprolactone (PCL) and employed as a physiological microstructure functioning
as topographical substrates. Combinations of soft vs. stiff and nanofiber
covered engineered substrates were utilized to evaluate the cytotoxicity, endocytosis, and cell morphology in response to 30 nm Zinc Oxide
nanoparticles. Caspase 3/7, lactase dehydrogenase (LDH), and an Alamar
Blue viability assay were conducted to determine cytotoxicity. Dark-field
microscopy and inductively coupled-mass spectrometry was conducted
to evaluate the up-take of nanoparticles on the different engineered
substrates. The soft ~1-5 kPa and stiff 5,000 kPa substrates displayed the
most sensitivity to nanoparticle exposures, resulting in 40-50% loss of
viability. The substrates ranging in moduli values from 50 kPa - 500 kPa
displayed statistically reduced apoptosis, LDH release, and reduction of
viability, with 23 ± 4% less nanoparticle uptake. Future analysis will evaluate the feasibility of using substrate modulus and topography to create
simulated acute vs. chronic lung models for toxicological assessment of
nanoscale particles.
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1520 Role of Scavenger Receptors in Silica

1524 Adaptive Response and Cell Proliferation during
Cytoskeleton Disruption Induced by Titanium
Dioxide Nanoparticles of Lung Epithelial Cells

N. L. Delgado-Buenrostro, A. Deciga-Alcaraz, and Y. I. Chirino.
Facultad de Estudios Superiores Iztacala, UNAM, Ciudad de
Mexico, Mexico.
Titanium dioxide nanoparticles (TiO2 NPs) are one the most produced
engineered nanomaterials and acute exposure to these NPs induces cell
damage through oxidative stress, cytokine release and after the uptake
of NPs, exposed cells undergo to cytoskeleton remodeling. However,
sub-acute exposure to low concentration of TiO2 NPs could also have an
adaptive mechanism for cell survival in spite of cellular alterations. The
aim of this study was to demonstrate that sub-acute exposure to TiO2
NPs induces an adaptive response which includes cytoskeleton remodeling avoiding apoptosis in lung epithelial cells. To achieve this aim, lung
epithelial cells were exposed to TiO2 NPs (1 and 10 µg/cm2) during 1 and
7 days. The results showed that cell viability was unaffected and cells
were under proliferation during the 7 days. However, a cytoskeleton
remodeling was observed after 1 day of exposure, which was unable
to recover after 7 day of exposure. Specifically, the network of F-actin
and vimentin were disrupted. This alteration was associated with the
NPs uptake and the cell granularity increase during the first hours of
exposure. We conclude that sub-acute exposure to TiO2 NPs during 7
days induced an adaptive response avoiding cell death but struggling
with disruption of cytoskeleton network in lung epithelial cells. Further
analysis are required to evaluate the impact of cytoskeleton disruption
on some other cellular process, of those cells that have an adaptive
response to cytoskeleton disruption induced by TiO2 NPs exposure.

1525 Identification of Early Biomarkers for Silver

Nanoparticle-Induced Immunotoxicity in Human
Monocytes

W. Ding, J. Shaddock, and D. Petibone. US FDA/NCTR, Jefferson,
AR.
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Nanomaterials (NMs) possess unique physicochemical properties
and have immense potential in human health care. NMs, even when
designed to target specific tissues, eventually interact with the immune
system and might elicit immunotoxicity. Recent studies have demonstrated that mitochondria and the NLRP3 inflammasome have key
functions in immunotoxicity. Therefore, understanding the interactions
between NMs with mitochondria and NLRP3 inflammasomes in the
human immune system is an important consideration when designing
NM-based therapies. To develop NM immunotoxicity biomarkers,
NLRP3 inflammasome-competent and NLRP3 inflammasome-deficient
human monocyte lines were exposed to negatively charged polyvinyl
pyrolidone (PVP)-coated 40-nm silver nanoparticles (AgNP40s) or to
positively charged branched polyethyleneimine (BPEI)-coated AgNP40s.
Evaluation of AgNP-induced necrosis and apoptosis utilized annexinV-FITC/propidium iodide. After exposure to non-cytotoxic PVP-AgNP40s
or BPEI-AgNP40s doses, staining monocytes with JC-1 dye determined
mitochondrial membrane potential, and MitoSOX Red served as a
molecular probe for mitochondrial superoxide induction. Finally, Fluo-4
dye staining determined intracellular calcium flux. Non-cytotoxic BPEIcoated AgNP40s doses induced concentration-dependent mitochondrial
destabilization, elevated superoxide levels, and elevated calcium flux.
Additionally, the responses observed in NLRP3-competent monocytes
were markedly different from NLRP3-deficient monocyte responses at
the same BPEI-coated AgNP40s doses. Furthermore, no statistically significant changes were observed in either monocyte type treated with PVPAgNP40s. Taken together, these data suggest that mitochondrial destabilization and intracellular calcium flux might serve as early biomarkers for
NM-induced immunotoxicity, and that the NLRP3 inflammasome might
have important immune functions in response to NM exposures.

1526 Assessment of the Phototoxicity of Three

Different TiO2 Nano-Forms Using Reconstructed
Human Tissue Model Epiderm

A. Liskova2, T. Milasova2, S. Jantova1, V. Brezova1, and H.
Kandarova2. 1FCHPT, Bratislava, Slovakia; and 2Mattek In Vitro Life
Science Laboratories, Bratislava, Slovakia.
Absorption of the solar light by photo-sensitive substances and consequent formation of reactive oxygen species (ROS) and other photo-products may lead to the cellular damage as well as to responses
of the immune system. Taken that into the consideration, the determination of phototoxicity of substances absorbing UV and visible spectra
of the solar light (VIS) belongs therefore to the basic toxicology tests.

One of the methods used for the determination of phototoxicity is a
test based on the use of 3D in vitro reconstructed human skin tissue
model-EpiDermTM, the EpiDerm H3D-PT. This test was developed and
pre-validated by organization ZEBET already in 1997. The main objective
of this work was to verify and determine the phototoxicity and phototoxic potential of the selected reference substances and three different
types of TiO2 nanoparticles using the EpiDermTM H3D-PT. We firstly
evaluated and standardized the measurement conditions of the sunlight simulator SOL-500 and verified the sensitivity of the EpiDermTM
tissues towards UV/VIS light. Next, we evaluated correct prediction of
phototoxicity of the EpiDermTM H3D-PT using six reference substances,
of which four were known phototoxins (chlorpromazine hydrochloride,
two types of bergamot oil and anthracene) and two compounds were
UV-absorbing, but without phototoxic potential (cinnamaldehyde,
p-aminobenzoic acid). Finally, we have used this method to predict the
phototoxicity of three different types of titanium dioxide (P25 AEROXID,
Eusolex T-2000 , TIG-115). Based on the results obtained in this work, we
conclude that the EpiDermTM H3D-PT is a reliable test for the detection
of phototoxicity and prediction of the phototoxic potential of selected
substances. This conclusion is supported by the fact that during the
measurements we obtained the same or better results as published by
Liebsch et al. (1997). Phototoxicity of TiO2 has not been demonstrated in
any of the three samples tested. This is likely because TiO2 nanoparticles
do not penetrate deep enough into the epidermis to cause cytotoxicity
by irradiation with UVA/VIS.

1527 Size- and Coating-Dependent Cytotoxicity and

Genotoxicity of Silver Nanoparticles Evaluated
Using In Vitro Standard Assays

X. Guo, Y. Li, J. Yan, T. Ingle, Y. M. Jones, N. Mei, M. Moore, P.
Howard, and T. Chen. US FDA/NCTR, Jefferson, AR.
The physicochemical characteristics of silver nanoparticles (AgNPs) may
greatly alter their toxicological potential. To explore the effects of size
and coating on the cytotoxicity and genotoxicity of AgNPs, six different
types of AgNPs, having three different sizes and two different coatings,
were investigated using the Ames test, mouse lymphoma assay (MLA),
and in vitro micronucleus assay. The genotoxicities of silver acetate and
silver nitrate were evaluated to compare the genotoxicity of nanosilver to that of ionic silver. The Ames test produced inconclusive results
for all types of silver materials due to the high toxicity of silver to the
test bacteria and the lack of entry of the nanoparticles into the cells.
Treatment of L5718Y TK+/- 3.7.2C cells with the six types of AgNPs and
ionic silver resulted in concentration-dependent cytotoxicity, mutagenicity in the Tk gene and the induction of micronucleus from exposure
to nearly every type of the silver materials. Treatment of TK6 cells with
these silver materials also resulted in concentration dependent cytotoxicity and significantly increased micronucleus frequency. With both the
MLA and micronucleus assays, the smaller the AgNPs, the higher the
cytotoxicity and genotoxicity. The coatings had less effect on the relative genotoxicity of AgNPs than the particle size. Loss of heterozygosity
analysis of the induced Tk mutants indicated that the types of mutations
induced by AgNPs were different from those of ionic silver. These results
suggest that AgNPs induce cytotoxicity and genotoxicity in a size- and
coating-dependent manner. Furthermore, while the MLA and in vitro
micronucleus assay (in both types of cells) are useful to quantitatively
measure the genotoxic potencies of AgNPs, the Ames test cannot.

1528 Factors Affecting the In Vitro Micronucleus Assay
for Evaluation of Nanomaterials

Y. Chen5, Y. Li2, S. Doak3, J. Yan5, D. Chen1, M. Zhou4, R.
Mittelstaedt5, C. Li4, and T. Chen5. 1Columbia College, Columbia
University, New York, NY; 2Covance Laboratories Inc., Greenfield,
IN; 3Institute of Life Science, Swansea University Medical School,
Wales, United Kingdom; 4University of Texas MD Anderson Cancer
Center, Houston, TX; and 5US FDA, Jefferson, AR.
A number of in vitro methodologies have been used to assess the
genotoxicity of different nanomaterials, including titanium dioxide
nanoparticles (TiO2NPs) and silver nanoparticles (AgNPs). The in vitro
micronucleus assay is one of the most commonly used test methods for
genotoxicity evaluation of nanomaterials. However, due to the novel
features of nanomaterials, such as high adsorption capacity and fluorescence properties, there are unexpected interactions with experimental
components and detection systems. In this study, we evaluate the
interference by two nanoparticles, AgNPs and TiO2NPs, with the in vitro
micronucleus assay system and possible confounding factors affecting
cytotoxicity and genotoxicity assessment of the nanomaterials including
cell lines with different p53 status, nanoparticle coatings and fluorescence, cytochalasin B, fetal bovine serum in cell treatment medium and
different measurement methodologies for detecting micronuclei. Our

1529 Optimization of a Three-Dimensional Airway

Epithelium Co-Culture System As a Platform
for Adverse Outcome Pathway Assessment of
Engineered Nanomaterials

T. Nicholas, A. Haick, T. Kavanagh, E. Faustman, and W. Altemeier.
University of Washington, Seattle, WA.
Engineered nanomaterials (ENM), including silver nanoparticles (AgNP),
are one of the largest groups of emerging toxicants. AgNP are used in
consumer and medical products due to their antimicrobial properties,
and have a potential to aerosolize through the manufacturing and use
of these products. Toxicological studies have demonstrated that AgNP
produce respiratory toxicity, which has been characterized by responses
such as, activation, degranulation, inflammation, oxidative stress, and
cytotoxicity. This study is developing three-dimensional airway epithelium co-culture systems (3D-AECS) as a platform to predict pathways
of response to AgNP, and is using Adverse Outcome Pathways (AOP) to
understand how these are conferred across multiple levels of biological organization–on the molecular, cellular, and organ system levels.
3D-AECS are being developed through a “tiered approach” that co-cultures murine tracheal epithelial cells with alveolar macrophages (MTEC/
AM) under multiple differentiation states at the air-liquid interface (ALI)
to determine the optimal system for use in AOP. In this preliminary
study, we investigated 3D-AECS response to AgNP differentiated under
normal and IL-13 conditions to reflect “healthy” and “diseased” phenotypes, respectively. To assess 3D-AECS response to AgNP, we quantified differences in: cytotoxicity, chemokine release, and gene expression related to cellular adaptive responses such as, organ/tissue injury,
differentiation, and oxidative/endoplasmic reticulum (ER) stress. Doseresponse relationships for cytotoxicity were observed across 3D-AECS
differentiated under normal and IL-13 conditions. In normal differentiated 3D-AECS, cytotoxicity increased from 5.0% to 15.5% and 3.7%
to 28.1% in A/J and C57BL/6J mice, respectively. In IL-13 differentiated
3D-AECS, cytotoxicity increased from 4.2% to 23.4% and 5.2% to 26.9%
in A/J and C57BL/6J mice, respectively. This will influence the optimization of 3D-AECS to provide information on potency and mode of action
for critical and relevant end points of respiratory toxicity.

30 minutes for 2 hours and fluorescence lifetime was measured after
two hours. After 2 hours of incubation, the fluorescence lifetime was
observed to decrease after NiO-NS exposure by 16.5% for DOPC and
13.5% for DOPS; TiO-NS had essentially no effect on either lipid. After
1 hour, the anisotropy was found to decrease in the DOPS liposomes
by 9.6% with TiO-NS exposure and 10.3% with NiO-NS exposure, with
little further change after 2 hours. DOPC liposomes exhibited no change
in anisotropy after 2 hours. Taken together, these results support the
notion that NP have defined impacts on membrane properties that may
account for initial mechanisms of toxicity. (Funding: NIH R01ES023209,
1F32ES027324, P30GM103338 and P20GM103546)

1531 Genotoxicity from As-Produced and Post-

Production Modified Multi-Walled Carbon
Nanotubes

K. Siegrist1, S. Reynolds1, C. Mitchell1, D. Lowry1, M. Kashon1, L.
Cena3, L. Bishop1, J. Bonner2, G. Parsons2, C. McClure2, A. Erdely1,
and L. Sargent1. 1CDC/NIOSH, Morgantown, WV; 2North Carolina
State University, Raleigh, NC; and 3West Chester University, West
Chester, PA.
Pristine, as-produced multi-walled carbon nanotubes (AP-MW) are
modified with coatings such as polymers (PC-MW) or aluminum oxide
(AL-MW) for varied commercial applications. In order to determine the
potential effect of coating on genotoxicity, we measured the genotoxic response of AP-MW from three companies (AP-MW1, 2 and 3) and
their coated counterparts (PC-MW1 & 2 and AL-MW3). Genotoxicity was
measured in immortalized (BEAS-2B) and primary lung epithelial cells
(SAEC) either 24 or 72 hours after exposure using micronuclei assay with
pancentromere staining, mitotic spindle analysis, and cell cycle analysis.
There was significant necrosis at the highest dose of 24 µg/mL with the
exception of AP-MW1. All MWs produced significantly greater amounts
of micronuclei after exposure to 2.4 µg/mL in both cell types, however,
there was a significant difference between AP-MW2 and PC-MW2 in the
BEAS-2B cell. Genetic damage was due to both clastogenic and aneugenic effects in both cell types. Analysis of the mitotic spindle demonstrated a dose-dependent increase of mitotic spindle aberrations that
were predominately monopolar. No significant apoptosis was observed
in the BEAS-2B cell type. SAEC cells exposed to AL-MW3 showed significant apoptosis. Exposure to 2.4 µg/mL of each material produced
significant arrests in the G1 and G2 phases of the cell cycle. These data
indicate that all tested materials produced a genotoxic response. The
coating did not affect the response in comparison to their respective
as-produced counterpart.

1532 Mechanism-Based Genotoxicity Screening of

Nanomaterials Using the Toxtracker Panel of
Reporter Cell Lines

1530 Effects of Titanium Dioxide and Nickel Oxide
Nanoparticles on Model Membrane Systems
Determined by Time-Resolved Fluorescence
Specroscopy

D. S. Anderson, H. B. Steele, M. J. Sydor, J. A. Ross, and A. Holian.
University of Montana, Missoula, MT.
The proliferation of nanotechnology is resulting in increased use of
engineered nanomaterials (ENM). This rapid expansion of nanotechnology poses an increased risk of human exposure to ENM. Two ENM
whose use has increased are titanium dioxide nanospheres (TiO2-NS)
and nickel oxide nanospheres (NiO-NS). While TiO2-NS have been
shown to be non-toxic, NiO-NS have been shown to have some toxicity and can produce an allergic reaction. Both of these materials are
taken-up by phagocytic cells where they can accumulate. This provides an opportunity for these particles to interact with cellular lipid
membranes. Fluorescence lifetime and time-resolved anisotropy, using
appropriate lipid probes, can measure changes in lipid structural characteristics, such as lipid order and disorder. To investigate the interaction
between TiO2-NS and NiO-NS with lipid membranes, we used liposomes
(100 nm diameter) synthesized with phospholipids with different head
group charges. Liposomes consisted of either 1,2-Dioleoyl-sn-glycero-3phosphocholine (DOPC) with a neutral head-group or 1,2-Dioleoyl-snglycero-3-phosphoserine (DOPS) with a negatively charged head-group.
The solvatochromic fluorescence membrane probe Di-4-ANEPPDHQ
was used to determine changes in lipid structure of the DOPC and
DOPS liposomes. Fluorescence lifetime and time-resolved anisotropy
were measured using a FLASC-1000 (Quantum Northwest) time-resolved fluorimeter after excitation with a 470-nm ps-pulsed laser. Initial
fluorescence lifetime and time-resolved anisotropy of liposomes with
Di-4-ANEPPDHQ were recorded. Then these liposomes were exposed
to 50 μg/ml of either TiO-NS or NiO-NS. Anisotropy was measured every

G. Hendriks2, R. S. Derr2, A. R. Gliga1, F. Cappellini1, and H. Karlsson1.
1Karolinska Institutet, Stockholm, Sweden; and 2Toxys, Leiden,
Netherlands.
The rapid development of the engineered nanomaterial (ENM) manufacturing industry has accelerated the incorporation of ENMs into
a wide variety of consumer products across the globe. It is therefore
essential to have rapid and robust analytical metrology in place that can
be used to critically assess and/or predict the cytotoxicity, as well as the
potential genotoxicity of these ENMs. Recently, the ToxTracker reporter
assay was identified as one of the emerging methods for genetic toxicology assessment of ENMs (Nelson et al, Mutagenesis 2016). We have
evaluated the ability of ToxTracker to identify the hazardous properties and underlying mechanisms of a panel of 24 metal and non-metallic ENMs. First we evaluated the ability of the ToxTracker reporter cell
lines to identify the hazardous properties of a panel of metal oxide- and
Ag nanoparticles (NPs), as well as a selection of non-metallic materials
(diesel, carbon nanotubes and quartz). The reporter cells were able to
take up NPs, and furthermore, exposure to CuO, NiO and ZnO NPs as
well as to quartz (used as a benchmark particle) resulted in activation
of the Srxn1-GFP oxidative stress reporter, although only at high cytotoxicity for ZnO. Next, we extended the toxicity screening of ENMs by
investigating CdTe quantum dots (QD) of various sizes (between 1.5 and
9 nm) and found clear size-dependent effects in terms of cytotoxicity
and oxidative stress reporter activation and cell viability. The lowest
LC50 values were observed with the smallest QDs (1.5nm). For the
ENMs tested in this study, oxidative stress appeared to be the primary
mechanism of (geno)toxicity. Interestingly, cobalt (Co) NPs activated the
Rtkn-GFP reporter that is associated with DNA strand breaks, thereby
suggesting induction of DNA damage. Cobalt dust has been reported
to cause lung cancer in 2-year inhalation studies in rats and mice. None
of the tested ENMs induced the Bscl2-GFP DNA damage reporter indicating that none of the tested ENMs could directly bind to DNA or inter-
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results showed that micronucleus induction by AgNPs was similar when
evaluated using flow cytometry or microscope,whereas the induction by
TiO2NPs was different using the two methods due to TiO2‘s fluorescence
interference with the cytometry equipment. Cells with the mutated p53
gene were more sensitive to micronucleus induction by AgNPs than the
p53 wild-type cells. The presence of serum during treatment increased
the toxicity of AgNPs. The coatings of nanoparticles played an important
role in the genotoxicity of AgNPs. These collective data highlight the
importance of considering the unique properties of nanoparticles in
assessing their genotoxicity using the in vitro micronucleus assay.

fere with DNA replication. In conclusion, the reporter cells efficiently
engulf ENMs, allow for high-throughput testing and can assess various
genotoxic and non-genotoxic mechanisms of toxicity in a single assay,
which makes make the ToxTracker reporter assay an attractive approach
for genetic toxicology assessment of ENMs.

1533 Implementation of a Dynamic Lung Co-Culture
Model Produced Diminished Stress Activation
and Cytokine Secretion following Acute Silver
Nanomaterial Exposure

126

cially the diameter and bundle shapes of the MWCNTs dispersed in cell
culture medium, contribute to changes in cellular response. We conclude that the inhalation toxicity by MWCNTs will differ with varying
physicochemical properties. This study is based on results obtained from
a project commissioned by the New Energy and Industrial Technology
Development Organization (NEDO), Japan.

1535 Interaction of Pamam Dendrimers with Plasma

Coagulation System: Effects of Particle Size and
Charge on Thrombin Generation Activity

SOT 2017 Annual Meeting

K. K. Comfort2, N. J. Braun1, and S. M. Hussain1. 1Air Force Research
Laboratory, Wright Patterson Air Force Base, OH; and 2University of
Dayton, Dayton, OH.

O. K. Elhelu, S. H. De Paoli, M. Patel, S. Farooq, T. Z. Tegegn, I. D.
Tarandovskiy, M. V. Ovanesov, and J. Simak. US FDA, Silver Spring,
MD.

Cellular systems are required to test the safety of newly developed
materials, chemicals, and biological-based products. Both in vitro and in
vivo methodologies are currently being utilized for evaluation, however,
limited correlation exists between these models due to their fundamental differences. One way to overcome this limitation is through the
development of enhanced in vitro environments that retain the advantages of cellular systems but more accurately mimic true physiology. In
the work presented here, we successfully developed and implemented
an enhanced in vitro environment that more closely mimicked an in vivo
system, through the incorporation of dynamic fluid movement and a
human lung co-culture model. Dynamic flow was generated through
the use of a peristaltic pump, operating at a flowrate to produce a linear
tube velocity of 0.2 cm/s: equivalent to know capillary rates. The cellular model consisted of human alveolar epithelials (A549) and human
macrophages (U937) cultured together in a 3:1 ratio. Next, 10 nm silver
nanomaterials (AgNMs) were introduced into this enhanced system, followed by evaluation of cytotoxicity, cellular stress as quantified through
reactive oxygen species (ROS) production and p53 levels, and secretion
of IL-1β, IL-6, IL-8, and TNF-α. A 5 µg/mL experimental dosage was specifically selected due to the fact that it was shown to induce stress but
not a significant toxic effect. When directly compared against static
conditions, it was identified that AgNM-induced stress and immunological responses were diminished by approximately 40% within the
dynamic environment. These observed cellular behaviors correlated to a
modified nano-cellular interface in which AgNM deposition and cellular
morphologies were significantly altered by dynamic movement. Lateral
fluid flow disrupted AgNM diffusion and reduced particle deposition
by approximately 50%. This work highlights the need for nanotoxicological evaluation to be carried out in a physiologically relevant system,
as environmental variables are capable of influencing NM properties,
behaviors, and downstream bioeffects.

Dendrimers are attractive for various nanomedicine applications
including their contact with blood. Here, we investigate plasma coagulation effects and endothelial toxicity of polyamidoamine (PAMAM)
dendrimers (Dendritech, Inc.) of various sizes from generation 2 (G2;
particle diameter approx. 3 nm) to G10 (14 nm) with hydroxy- (neutral),
carboxy- (anionic) and amino-terminated (cationic) surface modifications. Activated partial thromboplastin time (APTT) of normal plasma
treated with dendrimers showed significant prolongation for cationic
G7 at 50 µg/mL but no effect of cationic G2 or any size of neutral or
anionic dendrimers. Interestingly, the thrombin generation (TG)-based
procoagulant activity assay (TG-PCA) showed that cationic G10 and G7
at 1 - 3 µg/mL markedly potentiated thrombin generation in plasma.
At higher concentrations, however, cationic G7 and G10 significantly
inhibited TG-PCA with G7 being more potent, while no effect of other
tested dendrimers was observed. FXI deficiency or inhibition of FXIIa
did not have any effect on TG-PCA potentiating activity of cationic G7
and G10, indicating that the contact system activation is not involved.
Accordingly, no effect of cationic G7 and G10 on non-activated PTT
(NAPTT) was observed. In contrast, cationic G7 and G10 at 1 µg/mL markedly enhanced TG-PCA in FVIII- and even more in FV-partially deficient
plasmas. Moreover, in human umbilical vein endothelial cell (HUVEC)
culture, only cationic G7 and G10 exhibited strong cytotoxicity, inducing
HUVEC membrane vesiculation. In conclusion, large cationic dendrimers
(G7, G10) exhibited potent modulation of thrombin generation in a
concentration-dependent manner, likely by affecting prothrombinase
and FXase complexes. Based on their effects on platelets (Dobrovolskaia
et al., Mol Pharm 2012) and our current study on plasma coagulation
system and endothelial cells, the large cationic dendrimers should be
considered procoagulant and potentially thrombogenic. Biological
importance of the inhibitory activity on TG-PCA should be further investigated. Our study in a PAMAM dendrimer model demonstrates that the
surface chemistry, as well as nanoparticle diameter change from 3 nm
(G2) to 8 nm (G7), showed dramatic difference in blood biocompatibility.
The findings and conclusions in this study should not be construed to represent any Agency determination or policy.

1534 In Vitro Toxicity Evaluation of Multi-Walled
Carbon Nanotubes

K. Fujita1, M. Fukuda2, S. Endoh2, J. Maru2, H. Kato1, A. Nakamura1,
N. Shinohara1, K. Uchino2, and K. Honda1. 1National Institute of
Advanced Industrial Science and Technology, Tsukuba, Japan;
and 2Technology Research Association for Single Wall Carbon
Nanotubes, Tsukuba, Japan.
Multi-walled carbon nanotubes (MWCNTs) are expected to have
industrial applications in the field of nanotechnology. However, little
is currently known about the potential toxic effects of MWCNTs on
human health. A recent, two-year rat inhalation toxicity study demonstrated carcinogenicity of the straight, non-helical MWCNT, MWNT-7
(Hodogaya, Japan). Further studies on other types of MWCNTs will be
needed to thoroughly elucidate the effect of MWCNTs on human health.
In this study, we dissolved four types of MWCNTs of similar length (0.51.0 μm), differing in diameter and bundle shape, [MWNT-7, and Nikkiso
(Nikkiso Co., Ltd., Japan), CNano (FloTube 9000, CNano Technology Ltd.,
China), and Nanocyl (NC7000, Nanocyl SA, Belgium)] in a cell culture
medium, and conducted in vitro cell-based assays for 24 h using NR8383
rat alveolar macrophages. Cell viability tests (WST-1) demonstrated
significant cell growth inhibition with MWNT-7, Nikkiso, and CNano
(CNT concentration: 0.1 mg/mL), and CNano and Nanocyl significantly
increased the level of intracellular reactive oxygen species (ROS) (CNT
concentration: 0.1 mg/mL). Transmission electron microscopy (TEM)
revealed penetration of MWCNT into cytoplasm upon MWNT-7 and
Nikkiso exposure, while the localization of MWCNT in the vacuoles was
observed in cells exposed to CNano and Nanocyl (CNT concentration:
0.1 mg/mL). Expression of IL-1α, MIP-1α, IL-18, MCP-1, and TNF-α cytokine significantly increased in cells exposed to MWNT-7, Nikkiso, and
Nanocyl. The pattern of gene upregulation suggests activation of the
inflammatory response, induction of oxidative stress response, and degradation of extracellular matrix degradation (ECM), which was similar
in cells exposed to MWNT-7 and Nikkiso (CNT concentration: 0.1 mg/
mL). These results suggest that the physicochemical properties, espe-

1536 Cytotoxicity of Copper (II) Oxide Nanoparticles
in Rat and Human Intestinal Cell Models

Henson3,

T. E.
J. Navratilova1, J. L. Griggs2, K. D. Bradham4, K. R.
Rogers4, and M. F. Hughes4. 1NRC, Research Triangle Park, NC;
2ORISE, Research Triangle Park, NC; 3SSC, Research Triangle Park,
NC; and 4US EPA, Research Triangle Park, NC.
Copper (II) oxide nanoparticles (CuO NPs) have several commercial applications ranging from catalysts to semiconductors. There is a
potential for human oral exposure to CuO NPs following accidental or
intentional ingestion, hand-to-mouth activity, or mucociliary transport
following inhalation. CuO NPs are toxic to aquatic organisms but their
mammalian toxicity is less well known. This study assessed the cytotoxic
effects of CuO NPs (size <50 nm) in rat and human intestinal cells. The
rat cells are a 2-dimensional model (IEC-6) while the human cells are a
3-dimensional highly differentiated intestinal model. Three-dimensional
cell cultures offer greater predictability of in vivo toxicity than comparable 2-dimensional cell cultures because of their complexity and their
overall functions are more similar to native tissues. The effect of dose
(0.1 - 100 μg/ml rat; 1-100 μg/ml, human) and time (4 and 24 h) were
evaluated. Cytotoxicity was assessed using a colorimetric method that
measures mitochondrial activity (MTS, rat; MTT, human). Media with
10% fetal bovine serum was the negative control. Triton X-100 (0.3%)
was the positive control. CuSO4 (0.1 - 100 μg/ml) was tested in the rat
cells for 24 h to assess Cu ion toxicity. CuO NPs were suspended in media
and probe sonicated before dosing. Following incubation, the cells were
washed with saline. In rat cells, a significant dose-dependent (p<0.0001)
decrease in viability was observed after 4- and 24-h incubation of the
CuO NPs. At both time points, a significant decrease was detected at ≥
5 μg/ml CuO NPs in the rat cells. In human cells, a significant dose-dependent (p<0.0001) decrease in viability was observed only after a

1537 Protein Corona Impact on Cellular Uptake,

Hepatic Functions and Molecular Mechanisms of
Action of Gold Nanoparticles Toxicity

K. Choi, J. E. Riviere, and N. A. Monteiro-Riviere. Kansas State
University, Manhattan, KS.
Protein corona formation alters the nanoparticle (NP) physicochemical
properties and induces conformational changes in adsorbed proteins,
causing biological and cellular responses. The liver plays an essential
role in metabolism, detoxification and elimination of xenobiotics and
drugs as well as circulating NP clearance. Human hepatocyte uptake of
40 and 80nm AuNP with branched polyethyleneimine (BPEI), lipoic acid
(LA) and polyethylene glycol (PEG) coatings with and without human
plasma protein (HP) and serum albumin (HSA) coronas was investigated
for cytotoxicity, reactive oxygen/reactive nitrogen species (ROS/RNS),
and CYP activity. The 40nm BPEI-AuNP showed the greatest cell uptake
and was selected for transcriptional profiling using the human molecular toxicology pathwayfinder RT2PCR array at a non-cytotoxic and
cytotoxic dose of bare and HP-BPEI-AuNP. Time-dependent increases
in uptake occurred for all bare AuNP, but HP and HSA decreased uptake
except for 40nm HP- and HSA-PEG-AuNP which showed an increase at
24h. BPEI-AuNP showed time- and concentration-dependent increases
in ROS/RNS which correlated with cytotoxicity at 24h but HP substantially reduced ROS/RNS. 40 and 80nm bare, HP and HSA LA- and PEGAuNP were not toxic but HP was as cytotoxic as bare BPEI-AuNP. All
bare and HP-BPEI-AuNP (except 80nm HP-BPEI-AuNP for CYP1A2) inhibited CYP1A2, CYP2C9 and CYP3A4. Differentially expressed genes at the
cytotoxic level for bare and HP-BPEI-AuNP were mainly involved in phase
I metabolism and phospholipidosis pathways. Bare and HP 40nm-BPEIAuNP inhibited the basolateral and apical transporters genes; SLC10A1,
ABCB11, SLC51A, SLCO1A2 and ABCB4 at cytotoxic levels but induced
SLC51B and SLC2A3 mRNA. These studies contribute to a better understanding of AuNP cellular responses in human hepatocytes with and
without biologically relevant protein coronas and their underlying
molecular mechanisms of activity. (Supported by the Nanotechnology
Innovation Center of Kansas State)

1538 Feasibility of Transport of a 3D In Vitro Alveolar
Model to Study the Potential Toxic Effects of
Particles on the Lung
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Zarcone2, E. Duistermaat4, M. Alblas3, P. van Gompel3, I. M. Kooter3,
and A. C. Gutleb1. 1LIST, Belvaux, Luxembourg; 2LUMC, Leiden,
Netherlands; 3Netherlands Organization for Applied Scientific
Research, Utrecht, Netherlands; 4Triskelion bv, Zeist, Netherlands;
and 5University of Trier, Trier, Germany.
Exposure to environmental particles is a major health concern in many
industrialized countries and the intensified use of nanotechnology may
further increase exposure to small particles. The response triggered by
air pollutants is not limited to local effects of the respiratory system but
is often systemic, resulting in endothelial dysfunction. The link between
air pollution and cardiovascular disease is now accepted by the scientific community, but the underlying mechanisms responsible for the
pro-atherogenic potential still need to be unraveled in detail. The evaluation of the toxic potential of particles is a challenging task for which
suitable in vitro assays are still missing. A tetraculture system was developed and consists of the alveolar type-II cell line (A549), differentiated
macrophage-like cells (THP-1), mast cell line (HMC-1) and endothelial
cells (EA.hy 926), seeded in a 3D-orientation on a membrane to mimic
the cell response of the alveolar surface in vitro in conjunction with
native aerosol exposure. This system was shown to behave in a physiological way with characteristics of the alveolar barrier. The possibility
of shipping the tetraculture as a ready and easy to use in vitro system
would represent a considerable advantage. Tetraculture was exposed
to Diesel Exhaust (DE) particles at the air liquid interface on the site of
cell seeding (Luxembourg). The system was also exposed to whole DE
from a EURO V bus engine 300 kilometres away (Netherlands) after 4h
of car transport. Nuclear translocation of Nrf2 was evaluated in EA.hy926
cells 24h after exposure by confocal microscopy. DE exposure led to
clear nuclear translocation of Nrf2 at both sites of tetraculture expo-

sure (Luxembourg/Netherlands). The use of the tetraculture may lead
to a more realistic judgment regarding the hazard of new compounds.
Similar responses observed with or without transportation are needed
to validate and finally provide the possibility of shipping such a system
in the future.

1539 In Vitro Interactions of Isotopically Labelled

Core-Shell Nanoparticles (Ag@Au@Ag) on
Human Peripheral Blood Mononuclear Cells
(PBMCS)

S. Pourhoseini2, J. F. Nyland1, R. C. Merrifield2, and J. R. Lead2.
1Salisbury University, Salisbury, MD; and 2University of South
Carolina, Columbia, SC.
Silver nanoparticles (AgNPs) are the most commonly used nanoparticles
in consumer products including in medical applications such as wound
dressing due to their antimicrobial properties. As soon as nanoparticles
enter the body, they will be in direct contact with cells in the blood. The
impact of Ag on the immune system and the potential cytotoxicity is
not fully understood. It is also unclear whether the measured toxicity is
due to metallic Ag or the ionic form. The overall aim of this project is to
delineate the effect of AgNPs from Ag ions on PBMCs using three-layer,
isotopically labelled core-shell nanoparticles (Ag@Au@Ag). We exposed
PBMCs to a range of low and physiologically relevant concentrations
(0 - 100 µg.l-1) of NPs coated with polyvinylpyrrolidone (PVP), or controls
(silver nitrate (AgNO3) and PVP). Cells were either stimulated with LPS
(lipopolysaccharide) or unstimulated, cultured with NPs or controls for
24 hours. Experiments included RPMI media supplemented with fetal
bovine serum (+FBS) or in serum-free conditions (-FBS). The cell culture
supernatant was examined for cytokine release (TNF-α and IL-1β), and Ag
concentration by ICP-MS. SP-ICP-MS was used on the pellet to measure
single nanoparticles in the cells. Cytotoxicity was determined by MTT
assay. Results showed no decrease in cell viability in cells exposed to 100
µg.l-1 PVP-AgNPs compare to the PVP controls but there was a significant
reduction in the presence of dissolved Ag, and decrease in IL-1β secretion in LPS-stimulated cells cultured in +FBS media, compares to control.
At the same concentration of 100 µg.l-1 PVP-AgNPs in -FBS media we
found a decrease in cell viability but increase in cytokine production in
+LPS cells compares to control (0 µg.l-1 AgNO3, +LPS). We did not realize
any significant decrease in cell viability when cells were exposed to PVPAgNPs. Results from ICP-MS shows in -FBS media/+LPS more particle
was detected in cells than supernatant. In +FBS media more Ag was
detected in supernatant than cell pellet, while in -FBS media is other
way around. In -FBS, the cell 107/109 ratio is higher than the ratio in the
supernatant suggesting dissolution and ionic uptake. With FBS and LPS,
there are more complex interactions such as dissolution/reprecipitation
or ion binding by the FBS.

1540 Genotoxicity Evaluation of Nanomaterials:

What Is the Most Suitable Option of In Vitro
Cytokinesis-Block Micronucleus Cytome Assay?

F. Brandão2,1,, C. Costa2,1,, V. Valdiglesias1,4,, N. FernándezBertólez4,3,, E. Pásaro4, B. Laffon5, and J. Teixeira2,1,. 1ISPUP-EPIUnit,
Universidade do Porto, Porto, Portugal; 2Portuguese National
Institute of Health, Porto, Portugal; 3Universidade da Coruña, A
Coruña, Spain; 4Universidade da Coruña, DICOMOSA Group, A
Coruña, Spain; and 5Universidade da Coruña, DICOMOSA Group,
Porto, Spain.
Previous studies showed that the unique physicochemical features presented by nanomaterials (NMs) are responsible for unexpected interactions with toxicity assay components, indicating that standardized
toxicity tests used for hazard assessment of chemicals might not be fully
suitable for assessing the safety of NMs. The in vitro cytokinesis-block
micronucleus cytome assay (CBMN) is one of the OECD-recommended
tests for genotoxicity. However, it has been shown that Cytochalasin-B
(Cyt-B) used in this test to inhibit the cytokinesis, may affect the uptake
of NMs due to inhibition of filaments formation in endocytosis. An official report of OECD Working Party on Manufactured Nanomaterials presented two possible options to prevent interference between NMs and
Cyt-B: i) post-treatment with Cyt-B (NM application, then removal of the
NM and replacement with medium containing Cyt-B) and ii) delayed
co-treatment (NM application followed by the addition of Cyt-B for the
remaining time of treatment). This study aims to evaluate the efficiency
of these alternatives and which of them is preferable. Based on literature, A549 cell line and TiO2 nanoparticles were selected to carry out this
study. Cytotoxicity was evaluated using MTT to guarantee that at the
selected concentrations (10-200 µg/mL), cells showed a viability above
60%. Genotoxicity of TiO2 nanoparticles was then analyzed by CBMN
after exposure (co-exposure, post-treatment and delayed co-treatment)
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24-h incubation of the CuO NPs; a significant decrease was detected
at ≥ 50 μg/ml CuO NPs. Comparison of CuSO4 vs. CuO NPs in rat cells
showed greater cytotoxicity of the NPs, suggesting CuO NP toxicity is
not due to release of Cu ions alone. In summary, CuO NPs are cytotoxic
to rat and human intestinal cells in a dose- and time-dependent manner,
although the rat model appears to be more sensitive. The 3-dimensional
human model may limit CuO NP absorption or is better able to repair
damage induced by these particles. (This abstract does not represent US
EPA policy).

for 3h and 29h. In addition, micronuclei analysis and NM internalization
in cells were also assessed using flow cytometry (in the presence and
absence of Cyt-B during NM exposure). Results obtained contribute to
the clarification of which procedure is the most suitable to the genotoxicity evaluation of NMs using the CBMN and to its standardization for
NMs hazard assessment. Acknowledgments F. Brandão is supported by the
grant SFRH/BD/101060/2014, funded by FCT (subsidized by national fund
of MCTES) and V. Valdiglesias by a Xunta de Galicia postdoctoral fellowship
(reference ED481B 2016/190-0).

1541 Long-Term, Low-Dose Exposure to Silver

Nanoparticles Induces Epithelial-Mesenchymal
Transition and Cell Transformation in Human
Lung Cells

A. R. Gliga1, S. Di Bucchianico1, J. Lindvall2, B. Fadeel1, and H. L.
Karlsson1. 1Karolinska Institutet, Stockholm, Sweden; and 2Science
for Life Laboratory, Stockholm, Sweden.
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Silver nanoparticles (AgNPs) are currently one of the most widely used
nanomaterials and this, in turn, implies an increased risk of human and
environmental exposure. However, despite a considerable focus on the
potential adverse effects of AgNPs in recent years, studies on the longterm effect of AgNPs are scarce. The aim of this study was to explore the
effects of two different sizes of AgNPs (10 and 75 nm) following lowdose, long-term exposure of human bronchial epithelial cells. BEAS-2B
cells were exposed to 1 µg/mL AgNPs (10 nm or 75 nm) for 6 weeks followed by whole genome RNA-sequencing (RNA-Seq) as well as genomewide DNA methylation analysis. Following downstream analysis of the
transcriptomics data three pathways (Hepatic fibrosis, Regulation of
epithelial-mesenchymal transition (EMT), Acute phase response signaling
pathway) were selected for experimental validation, consisting of measurements of cell invasion and migration, E- and N-cadherin expression,
anchorage independent cell growth, collagen deposition, and cytokine secretion (IL-1β, IL-6, IL-8, TNF-α). Additionally, genotoxicity was
assessed using the comet assay and the micronucleus test. The RNA-Seq
revealed a size-dependent effect with Ag10 inducing a considerably
higher number of differentially expressed genes compared to Ag75.
Moreover, only Ag10 induced genotoxicity as evidenced by the comet
assay. Functional validation of the RNA-Seq data suggested, however,
that the effects of the two AgNPs were comparable. Hence, both Ag10
and Ag75 increased collagen deposition and induced EMT as evidenced
by an increased invasion index, anchorage independent cell growth
as well as cadherin switching. Additionally, AgNPs reduced the secretion of pro-inflammatory cytokines following challenge with bacterial
lipopolysaccharide, LPS. There were no significant effects of AgNPs on
DNA methylation in this model. In conclusion, our data indicate that
low-dose, long-term exposure to AgNPs has a pro-fibrotic effect and
induces EMT as well as cell transformation in BEAS-2B cells, implying a
potential carcinogenic effect. In addition, the present study suggests
that long-term exposure to AgNPs is immunosuppressive, which may
have implications for the use of AgNPs as antimicrobial agents.

1542 Toxicity of NiO and NiOH Are Particle- and

Cell Type-Dependent and Involves Multiple
Molecular Mechanisms

M. Cambre1, H.-J. Lee2, F. Y. S. Hou3, L. Harper1, and Y.-W. Huang1.
1Missouri University of Science and Technology, Rolla, MO;
2National Dong Hwa University, Hualien, Taiwan; and 3University
of Wisconsin-Milwaukee, Milwaukee, WI.
Nanomaterials have become increasingly popular in the production of
a wide range of products including cosmetics, pharmaceuticals, cancer
research, printer toners, food, electronic manufacturing, and many other
products. Different nanoparticles possess different levels of toxicity. In
this study, we hypothesize that physiochemical properties of nanoparticles dictate the difference in the level of toxicity between NiO and NiOH
nanoparticles. NiO has a cubic shape and NiOH has a hexagonal shape.
NiO is approximately 16 ± 5 nm while NiOH is approximately 18 ± 6 nm
in length. The specific surface areas of NiO and NiOH are 73.45 m2/g and
103.17 m2/g, respectively. Cell viability studies showed that NiOH is more
toxic in HepG2 cells (a liver cell line) and A549 cells (a lung cell line) and
the response is time-dependent. We observed dose-dependent loss of
mitochondrial membrane potential in both particles. Exposure to NiOH
causes a higher increase in the percentage of cells undergoing apoptosis in A549 cells than exposure to NiO. Exposure to NiOH resulted in an
increase of cells in the S and G2 phases in A549. Exposure to NiO caused
an increase in cells in the S phase. We are in the process of assessing oxidative stress, lipid peroxidation, and inhibition of cell proliferation, and
determining dissolution rate of Ni from NiOH and NiO.

1543 Surface Interactions of Metal Oxides with
Alizarin Dye, Proteins, and Tetrazolium
Compounds

A. Deciga-Alcaraz1,2,, E. I. Medina-Reyes1,2,, N. L. DelgadoBuenrostro1, J. O. Flores-Flores1, and Y. I. Chirino1. 1National
Autonomous University of Mexico, Mexico City, Mexico; and
2Programa de Doctorado en Ciencias Biomedicas, Mexico City,
Mexico.
Engineered nanomaterials are designed to take advantages of the
unique physicochemical properties of nanoparticles (NPs), which can
be classified according to the chemical composition and in this regard,
metal oxides are on the top of industrial production. However, those
physicochemical properties are also strongly related to the toxic effects
if those NPs are inhaled during the manufacturing process. One of the
most distinguished properties is the capability of NPs to bind proteins
or cellular components, which can lead to cellular alterations and also
have influence on the cellular uptake. To understand how different
types of metal oxides can have specific binding to different molecules,
we designed a free-cellular assay to evaluate the capability of some of
the most used metal oxides, including titanium dioxide shaped as belts
(TiO2-Belts), silicon dioxide (SiO2) and indium/tin oxide (ITO), to interact
with alizarin dye after being incubated in a high-protein content environment. Here, we demonstrated that TiO2-Belts had higher interaction
with alizarin dye, followed by ITO and SiO2. The capability to interact
with alizarin was reduced by 24% and 21% for SiO2 and TiO2-Belts
respectively, after 24 h of incubation in the enriched protein environment, suggesting protein binding to both types of NPs. However, after
incubation with proteins, the alizarin dye attached to ITO decreased by
15%, which suggests that ITO has less capability to bind proteins. We
also investigated if the surface of these NPs were able to reduce directly
a tetrazolium dye at 450 nm, and TiO2-Belts the highest potential
compared with ITO and SiO2. We conclude that TiO2-Belts had higher
potential to bind alizarin dye, which is an organic compound, and also
higher capability to reduce directly a tetrazolium dye, and it seems that
SiO2 has the less affinity to bind alizarin but the higher capability to
protein adsorption. These results suggest that cytotoxicity induced by
TiO2-Belts could be related to the surface reactivity while SiO2 could be
associated with protein adsorption.

1544 Metal Oxide Nanoparticles Could Enter into the
Cells Modified by Surface Charge and Ph

T. Titma2,1,,. 1National Institute of Chemical Physics and Biophysics,
Tallinn, Estonia; and 2Tallinn University, Tallinn, Estonia.
Nanomaterials possess a high surface area compared to micron size or
bulk materials and could utilize this characteristic to interact with physiological substances. The consequences could comprise the formation
of agglomerates with a much larger hydrodynamic diameter than the
parental material. It is supposed that the physiologic effect and properties like size, charge, etc. could be changed rapidly depending on the
type of macromolecules met and bound upon interaction with the cell.
The aim of this work was to observe relations between physicochemical
characteristics of NPs (surface charge, hydrodynamic size) and changes
in metabolic activity of epithelial cells forming a physiological barrier of
the organism. Co3O4, CuO, Mn3O4, Sb2O3, ZnO and TiO2 NPs were synthesized at the University of Bremen by flame pyrolysis method. The
biggest rise of hydrodynamic size in complete cell medium (CCM) was
in dispersions which ζ-potential in MQ was negative (close to -10 mV
in MQ water) - TiO2 8.6 fold, Mn3O4 2.4 and Sb2O3 2.8 fold, respectively.
The bathochromic shift of UV-vis spectra of those six MeO NPs towards
longer wavelengths was measured 24 hours after the NPs dispersed in
MQ was mixed with the CCM containing fetal bovine serum (FBS). The
long-term monitoring (up to nine days) of Caco2 and A549 human epithelial cells to single exposition of MeO NPs (3-100 μg/mL) revealed that
the toxic effects of Mn3O4 and Sb2O3 NPs remarkably increased over time
being as much toxic as ZnO or CuO NPs (Titma et al. 2016, doi: 10.1007/
s10616-016-0032-9). The study reveals that the MeO NPs with a negative
surface charge in MQ might have the delayed manifestation of toxicity
due to abundant protein corona. Whereas no proteins are in the dispersion, the entering of NPs into the cell is enhanced as seen from the previous findings where different NPs in CCM with FBS did not enter inside
the cell (Fleischer et al. 2014, doi: 10.1021/ar500190q). The formation
of the corona of NPs is not rapid and is highly affiliated by the proteins
in the medium. MeO NPs with a negative surface charge in MQ tend to
form a larger corona. The adhesive attraction of proteins towards MeO
NPs without fully equilibrated corona might play the main role of MeO
NPs entering into the cell. These data possess value for future design of
nanomedicines.

Vitro Prediction of DILI

J. Stevens. Eli Lilly, Indianapolis, IN.
The current test systems employed by the pharmaceutical industry are
poorly predictive of drug-induced liver injury (DILI); in particular, idiosyncratic DILI cannot be predicted in animal systems. This session seeks
to address this issue through outlining liver cell heath assays that are fit
for purpose, and also outline the development of innovative preclinical
test systems, which are both mechanism-based and of physiological,
pharmacological, and pathological relevance to DILI in humans. An iterative, tiered approach with respect to test compounds, test systems,
bioanalysis, and mathematical systems analysis has been adopted to
evaluate existing models, and develop new models that can provide
validated test systems, with respect to the prediction of specific forms
of DILI and further elucidation of mechanisms that relate to idiosyncratic
DILI. The approach encompasses completely characterised cell lines,
well-defined, and physiologically stable hepatocytes, multi-cell type in
vitro models and animal models. Triangulation of human, in vitro and
animal data is providing a fundamental understanding of how drugs can
harm the liver, and how this relates to the idiosyncratic response. The
objectives of this symposium: 1. Define the application and limitations
of current and novel test systems and provide an improved panel of in
vitro “best practice assays” for predicting DILI in the human population
during drug development; 2. Explore and understand the relationship
between in vitro assay signals and DILI in vivo, in preclinical test species,
and in man; 3. Enhance shared understanding, between academia,
pharma, and regulatory agencies, of the value and limitations of new
and existing approaches for DILI hazard identification and risk assessment.

1546 The Importance of Defining the Physiological,

Pharmacological, and Toxicological Phenotype
of In Vitro Test Systems

K. Park. University of Liverpool, Liverpool, United Kingdom.
Sponsor: J. Stevens.
Drug-induced liver injury (DILI) is a major cause of drug attrition, leading
to the withdrawal of potentially valuable therapies. It is thus clear that
current preclinical testing paradigms, based on in vitro models, are
poorly predictive of the potential of a new drug candidate to cause DILI.
Furthermore, it is estimated that between 38% and 51% of compounds
showing liver injury in man do not show similar effects in animal studies.
There is therefore a clear need for improved model systems that more
faithfully reflect human hazard. In particular, new in vitro test systems
based on human cells or tissues are required, which reflect the in vivo
situation with respect to drug metabolism, cellular adaptation, and toxicological response. Currently available human systems, such as primary
cells and immortalised cell lines, suffer from a variety of limitations with
respect to the prediction of the multiple forms of DILI that occur in the
clinic. Primary cells, particularly fresh ones, are difficult to source, and
show a variable and unstable phenotype. Cell lines, whilst providing a
stable and reproducible platform, are generally poorly reflective of the
in vivo phenotype, particularly with respect to drug metabolism. Single
cell models, whether primary or immortalised, lack the intricacies of a
multicellular environment. Thus, it is essential to define what purpose a
particular test system is fit for. We have therefore determined the physiological and pharmacological phenotype of single cell systems prior
to evaluation of the toxicological phenotype, using a series of training
compounds. The same approach is being used to inform the development of more complex 3-D models in an attempt to recapitulate multistep and multi-cellular forms of human DILI. What is now required is
a concerted multidisciplinary research effort, embracing academic,
industry, and regulatory partners, to deliver a portfolio of robust and
well characterised predictive platforms that are fit for purpose according
to well-defined criteria. A roadmap is being developed based on the
integration of established and emerging test systems, whereby the
complexity of the model increases from single cell 2D to multi cell 3D
systems, that are used in a logical fashion, to assess DILI liabilities of new
drugs before they are given to man.

1547 HepaRG Cell-Model for Drug Discovery and
Research

R. Weaver. Servier, Paris, France.
Use of in vitro test systems routinely employed in early drug discovery
research help support candidate drug screening and selection. Widely
favored for drug metabolism studies are human liver microsomes and
human hepatocytes, in suspension or culture, for metabolic stability and
metabolite characterization, drug metabolism induction and inhibition,

drug-drug interactions. These early studies permit good predictions of
the pharmacokinetic and metabolic profiles and subsequent in vitro-in
vivo extrapolation to human. By contrast, in vitro systems for assessment
of toxicological liability still largely relies on much less informative or
well-characterized test systems for use in the detection of human relevant drug-induced hepatocellular toxicities. This is further compounded
by the diversity, and largely still poorly defined, mechanisms associated
with drugs known to cause liver injury. Moreover, the inherent donordonor variability of human hepatocytes for use in early drug candidate
screening projects adds a level of complexity for their routine application and subsequent interpretation of results for risk assessment. The
extensive and in-depth characterisation of a human hepatocyte cell-line,
HepaRG, confers the characteristics of the human hepatocyte, but with
stable pharmacological and physiological phenotype for use in ADMET
drug and mechanistic toxicological studies. These characteristics offer
opportunities to screen hepatocellular responses to drugs in 2D and
3D configurations for measures of hepatotoxicity and hepatobiliary
function. This presentation will describe the characterisation of HepaRG
cells, and the benefits the cell model confers for use in drug candidate
selection and investigative studies. Grant support: this work was supported by the IMI Grant Agreement Number 115336.

1548 Novel 3D Hepatic Models for Prediction of

Enzyme Inducibility, Long-Term Drug Toxicity,
and Drug Action in Healthy and Diseased States

M. Ingelman-Sundberg. Karolinska Institutet, Stockholm, Sweden.
Sponsor: J. Stevens.
Novel regenerative therapies, and the development of in vitro assays
of liver function, are currently hampered by the rapid de-differentiation of hepatocytes in vitro. We developed novel systems of hepatocyte spheroids for long-term cultivation, and characterized them using
an unbiased proteomic assessment. Proteomic analyses show that the
PHH spheroid cultures closely resemble in vivo liver tissue, whereas
proteomes from the same donors are dramatically remodeled in 2D
monolayer cultures. The spheroid systems were suited for long term
toxicity studies, and e.g. a drastic fialuridine toxicity occurred only after
several weeks. Using in silico analyses, significant perturbations of metabolic and signaling pathways were detected in 2D monolayer cultures,
while these were maintained in spheroids. PHH spheroids maintained
their morphology, cell viability, periportal/perivenous zonation, and
functionality for five weeks in culture. We also found that the spheroid
system can be used as a model for liver diseases such as cholestasis, steatosis, and viral hepatitis. We further found novel mechanisms for drug
induced induction of e.g. CYP3A4, which did not occur in 2D systems or
in de-differentiated 3D spheroid systems. In conclusion, we think that
this in vitro system can be used indeed for drug target validation, analyses of mechanisms behind liver diseases, and for prediction of drug
metabolism, drug action, enzyme inducton and adverse drug reactions.

1549 Systems Microscopy Approaches in Unraveling
and Predicting DILI

B. van der Water. Leiden University, Leiden, Netherlands.
The activation of adaptive stress response pathways is a key event in
drug-induced cell injury. Toxicogenomics has established the key
stress pathways that are involved in liver injury. We have established
GFP-based adaptive stress response reporters in HepG2 cells, based
on bacterial artificial chromosome transgenome technology. These
reporters allow the analysis of the dynamics of stress pathway activation at the single cell level in high throughput microscopy-based assays.
Our reporters cover, amongst other, oxidative stress, DNA damage,
unfolded protein response, and heat shock responses. We have systematically assessed the application of these reporters for the prediction
of DILI in both 2D monolayer and 3D spheroid systems, using automated imaging, and compared our results to data in primary human
hepatocytes based on legacy data. We have compared the use of these
reporters for single dosing and repeated dosing regimens with either
end-point measurements or taking advantage of live cell imaging. Also,
concentration ranges that are based on available maximal human in vivo
plasma concentration for each individual compounds, or applying the
same concentration range for all compounds, has been tested. Overall,
the data indicate that different DILI drugs activate different stress
response reporters, and that these reporters contribute to an improved
mechanism-based assessment of DILI liability.
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1545 Cell Health and Mechanistic Assays for the In

1550 The Development and Validation of High-

Content Biology for Use as a Pharmaceutical
Industry Hepatotoxicity Screen

M. Persson. Astrazeneca, Gothenburg, Sweden. Sponsor: J.
Stevens.
High content analysis (HCA) for cell health has emerged as a commonly
used technique in the pharmaceutical industry to assess molecular and
cellular toxicological properties of small molecules. HCA assays are used
for early predictions of human drug-induced liver injury (DILI), and to
optimize chemical series during drug discovery. Several companies in
the European Federation of Pharmaceutical Industries and Associations
(EFPIA) are routinely using HCA assays in their primary safety screens,
but since the EFPIA partner’s legacy assays are slightly different from
each other, several questions stand out. What is the general performance of the assays across companies? What are the most relevant endpoints and cell types? And perhaps most importantly: Are companies
taking similar decisions when testing the same compounds?

1551 Circadian Rhythms in Air Pollution-Induced

Pulmonary and Cardiovascular Disorders: A Race
against the Clocks

P. Haberzettl. University of Louisville, Louisville, KY.
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Exposure to air pollution has emerged as one of the leading causes of
death world-wide. The World Health Organization (WHO) estimates that
every year exposure to air pollution causes 7 million premature deaths.
Extensive epidemiological studies have shown that exposure to polluted air increases the risk of pulmonary and cardiovascular diseases as
well as metabolic disorders; however, the underlying pathophysiological mechanisms have remained elusive. Air pollution exposure affects
pulmonary, cardiac, and vascular functions that follow circadian rhythmicity and increases the risk for pulmonary and cardiovascular events
that follow diurnal patterns. Recent studies have shown that exposures
to air pollution disrupt pulmonary and cardiovascular molecular circadian clocks, changes circadian blood pressure pattern, and exacerbates
the cardiometabolic effects of dyssynchrony (misaligned circadian
rhythm). This symposium will highlight this research, identifying the circadian clocks and rhythms as a novel target of air pollution exposure,
and will compare the effects of air pollution on circadian rhythmicity
with circadian rhythm disruption induced by other stressors such as
ischemia, virus infections and diabetes. The circadian rhythm–defined
as physiological, mental, and behavioral changes following a 24 h
cycle–controls fundamental physiology, cellular and molecular processes, such as blood pressure, cell division, and DNA-repair that regulate physiological homeostasis. Circadian rhythmicity is regulated by
external signals such as light, temperature, food, or physical activity,
called Zeitgeber. However, the normal circadian rhythmicities of these
environmental factors are disrupted by our modern lifestyle choices.
Recent reports suggest that urbanization, accompanied by migration
to more polluted areas (with light and air pollution), and our modern
24 hour lifestyle (35% adults sleep less than the recommended 7-8
hours) contributes to the development of pulmonary, cardiovascular,
and metabolic disorders. For instance, circadian dyssynchrony, the misalignment between the central clock (supra chiasmatic nucleus, SCN)
in the hypothalamus and peripheral clocks by the disturbing the light
cycle (e.g. due to changes in sleep/wake pattern, jet lack, or shift work)
has been described to increase the risk of developing metabolic and
cardiovascular disease. Although the central pacemaker, the SCN has
long been considered the primary regulator of circadian rhythm the discovery of clock gene expression, and function in peripheral tissues has
challenged this dogma. Peripheral circadian clocks play a critical role
in optimizing the organization of cellular function in the lungs, and are
directly involved in metabolic homeostasis and cardiovascular function.
The studies presented in this symposium will illustrate the importance
of different peripheral circadian clocks in the development of pulmonary, cardiovascular, and metabolic disorders, and will provide evidence
that exposure to different air pollution disrupt peripheral circadian
clocks and circadian rhythm in pulmonary and cardiovascular tissues
similar to the circadian misalignment induced by other stressors such
as ischemia, virus infections, and diabetes. The specific presentations
of this symposium will show that: 1) Peripheral circadian clocks in cardiomyocytes modulate the responsiveness of the heart to physiologic
stimuli (e.g., insulin) and pathologic stresses (e.g., ischemia/reperfusion);
2) Peripheral circadian clock disruption in the lungs by environmental
tobacco smoke exposure or influenza infection contributes to the
pathophysiology and toxicology of chronic airway diseases and their
exacerbation in mice; 3) Peripheral circadian clocks in vascular smooth
muscle cells contribute to the disruption of blood pressure circadian
rhythm in diabetic db/db mice; 4) Circadian blood pressure pattern are
altered by exposure to second hand tobacco smoke and its constituent
benzo-a-pyrene (BaP) in rats; and 5) Peripheral circadian clocks in the
lungs and aorta are disrupted by the exposure to fine particulate air

pollution, and that fine particulate air pollution exposure exacerbates
metabolic injury in circadian dyssynchrony. In summary, this symposium
will provide novel aspects and new mechanistic insights to understand
the adverse health effects originating from air pollutant exposure, and
our modern lifestyle in association with circadian clock and rhythm disturbances.

1552 Clock Control of Cardiovascular Physiology and
Pathophysiology

M. E. Young. University of Alabama at Birmingham, Birmingham,
AL. Sponsor: P. Haberzettl.
Over the course of a normal 24 hours, the environment of, and the
demands placed upon, cells/organs/organisms fluctuate dramatically.
Organisms have therefore evolved circadian clocks, intracellular molecular mechanisms that allow individual cells to perceive the time of day.
In doing so, circadian clocks confer the selective advantage of anticipation, enabling both rapid and appropriate responses to environmental
stimuli/stresses upon their onset. Circadian clocks have been described
in virtually all mammalian tissues, including cardiovascular-relevant cell
types (e.g., cardiomyocytes, endothelial cells, vascular smooth muscle
cells, and fibroblasts). Recent evidence in both human and animal
models has revealed that this intrinsic mechanism modulates various
cardiovascular parameters over the course of the day, including heart
rate, blood pressure, vascular reactivity, and clotting. Research in my
laboratory has focused primarily on identifying the roles of the circadian
clock within the heart. Over the past 15 years, we have accumulated
evidence supporting the concept that the cardiomyocyte circadian
clock modulates responsiveness of the heart to physiologic stimuli (e.g.,
insulin) and pathologic stresses (e.g., ischemia/reperfusion) in a time-ofday-dependent manner, thus synchronizing the heart with its environment. Here, we discuss the mechanisms by which the cardiomyocyte
circadian temporally partitions cardiac processes (e.g., transcription,
metabolism, signaling), and the contribution of temporal partitioning
towards time-of-day-dependent oscillations in susceptibility of the
heart to environmental stresses.

1553 Inhaled Toxicants and Influenza Virus-Mediated
Molecular Clock Disruption in Lung Toxicology
or Pathobiology

I. Rahman. University of Rochester Medical Center, Rochester, NY.
Disrupted daily or circadian rhythms of lung function and inflammatory
responses are common features of chronic airway diseases. Circadian
rhythms are generated at the cellular level by an autoregulatory feedback loop oscillator of clock gene transcription factors. These include
BMAL1:CLOCK activator complex and the repressors PERIOD and
CRYPTOCHROME. The key nuclear receptors and transcription factors
ERBa and RORa regulate Bmal1 expression, and provide stability to the
oscillator. Circadian clock dysfunction is implicated in both immune and
inflammatory responses to environmental pollutants/toxicants, inflammatory, and infectious agents. A reciprocal relationship exists between
the molecular clock and immune/inflammatory responses in the lungs.
Recently, we identified a key clock molecule REV-ERBa in regulating the
immune-inflammatory mediators in environmental tobacco smoke and
influenza infection mouse models. This talk will provide the molecular
regulation of circadian molecular clock and its dysfunction by environmental agents/stresses and infections, and highlight the repercussions
of clock disruption on the pathophysiology and toxicology of chronic
airway diseases and their exacerbation.

1554 Blood Pressure Circadian Rhythm
M. C. Gong. University of Kentucky, Lexington, KY. Sponsor: P.
Haberzettl.
Blood pressure (BP) undergoes daily oscillations: BP is lowest at night
(nocturnal dip), and rises before awakening (morning surge). Such BP
circadian organization is essential for optimum health. Diabetic patients
have a high prevalence of BP circadian rhythm disruption mostly manifested as increased night time BP or non-dipping profile. Accumulating
clinical studies demonstrate a striking pathophysiological link between
end-organ damage and non-dipping BP. Moreover, a decrease of
non-dippers is associated with a decrease of cardiovascular episodes.
However, the mechanisms linking diabetes to non-dipping BP is poorly
understood, and there is no effective strategy for prevention or treatment of diabetic non-dipping BP. We have found that the severely disrupted BP circadian rhythm in diabetic db/db mice is associated with
vascular clock gene Bmal1 alterations, and loss of vascular contractility

time-of-the-day variations. Selective deletion of Bmal1 from smooth
muscle, but not from cardiomyocytes, compromised BP circadian
rhythm and decreased blood pressure without affecting central SCNcontrolled locomotor activity in murine models. In mesenteric arteries,
BMAL1 bound to the promoter of and activated the transcription of Rhokinase 2 (ROCK2), and Bmal1 deletion abolished the time-of-day variations in response to agonist-induced vasoconstriction, myosin phosphorylation, and ROCK2 activation. Moreover, restricting food intake
time to only during the active phase recovered the normal circadian
oscillations of BP and Bmal1 in db/db mice. Together, our studies indicate that Bmal1 plays a critical role in the daily control of vasoconstriction, and BP circadian rhythm in physiology and dysfunction of Bmal1
significantly contribute to the non-dipping BP in diabetes. The contribution of peripheral inputs to the circadian control of BP reinforce the
notion that clock gene expression outside of the SCN should be further
evaluated to elucidate pathogenic mechanisms of diseases involving BP
circadian rhythm disruption.

exposure, and whether this is acompanied by PM2.5-induced disruption
of pulmonary and vascular circadian clocks. Exposure to concentrated
PM2.5 (CAP, 30 days) excacerbated body weight gain, systemic glucose
intolerance, and insulin resistance of mice in dyssynchrony (18/6h light/
dark), but not in mice kept on a regular light cycle (12/12h light/dark). In
dyssynchronized mice, CAP expossure decreased insulin sensitivity of
the skeletal muscle and liver, suggesting that CAP exposure provokes
systemic insulin resistance in dyssynchrony by impairing insulin signaling in skeletal muscle and liver. In mice kept on a regular cycle, CAP
exposure (30 days) impaired vascular insulin signaling and disrupted circadian gene expression in the lung and aorta. While PM2.5 exposure disrupts the peripheral circadian gene expression, no CAP-induced central
changes (e.g. in activity) were observed, suggesting that PM2.5 exposure
disrupts peripheral clocks but does not affect central clock regulation.
Although further investigations are needed, our results suggest that
PM2.5 exposure, possibly by disturbing pulmonary and vascular clocks,
induces vascular insulin resistance that could excacerbate the metabolic
effects of dyssynchrony, consequently increasing the risk for the development of diabetes after exposure to elevated levels of PM2.5.

1555 Second Hand Tobacco Smoke and Benzo-a-

L. P. Weber. University of Saskatchewan, Saskatoon, SK, Canada.
Chronic smoking and second hand tobacco smoke (SHS) are major
risk factors for cardiovascular disease that are known to adversely alter
cardiovascular health. The objective of this study was to compare the
effects of subchronic SHS exposure to intranasal delivery of the smoke
component, benzo-a-pyrene (BaP), on circadian blood pressure patterns, arterial stiffness, and possible sources of oxidative stress or inflammation in rats. Blood pressure telemetry, high resolution ultrasonography, and pulse waveform analyses were used to determine adverse
cardiovascular effects and compared to alterations in vasorelaxant
signals (nitric oxide production and bioactivity), oxidative stress, and
inflammation. Both SHS (28-day) and intranasal BaP (7-day) exposure
altered the circadian pattern of heart rate and blood pressure, with a loss
in the normal dipping pattern of blood pressure during sleep periods.
Blood pressure averaged over 24 hours significantly increased by 8-10
mmHg for both BaP and SHS. Moreover, during periods of inactivity or
sleep (lights on for rats), blood pressure dropped 5.0±1.4% and 7.7±1.8%
for systolic and diastolic pressures at baseline (pre-exposure), yet after 7
days of intranasal BaP the changed to -0.4±0.5% and 2.1±0.4%, respectively. This change after only 7 days of intranasal BaP mimicked effects
after 28-days SHS. In contrast, arterial stiffness increased across all times
without a clear circadian pattern after both SHS and BaP treatments.
While total nitric oxide production was not altered by SHS or BaP,
there was increased inactivation of nitric oxide as indicated by a ~70%
increase in peroxynitrite production for both treatments compared to
respective controls. This was accompanied by endothelial dysfunction
in exposed aorta compared to controls, indicated by impaired relaxation to acetylcholine in isolated tissue bath experiments. Histological
analyses showed increased infiltration of neutrophils in the lungs of
rats exposed to both SHS and BaP, but no significant effect on systemic
inflammation (plasma a2-macroglobulin and blood neutrophil-to-lymphocyte ratio). Thus, while lung inflammation, endothelial dysfunction,
and systemic oxidative stress appear to be linked to increased blood
pressure and altered circadian blood pressure pattern after exposure
to SHS or its components, the mechanisms by which these are all linked
remain unclear.

1556 Fine Particulate Matter (PM2.5) Exposure-Induced
Clock Disruption and Its Possible Contribution to
the Cardiometabolic Effects of Dyssynchrony

P. Haberzettl. University of Louisville, Louisville, KY.
Both exposure to ambient air fine particulate matter (PM2.5), and dyssynchrony, have been independently shown to contribute to the risk of
developing cardiovascular disease and diabetes. Circadian rhythmicity
controlled by a central clock (supra chiasmatic nucleus, SCN) and peripheral circadian clocks is regulated by external signals such as light, temperature, food, or physical activity. The SCN is the main regulator which
resets other organ and tissue clocks in response to light, serotonin, and
melatonin. Peripheral circadian clocks are reset by the SCN but are also
entrained by food, melatonin, insulin, and glucocorticoids. Misalignment
between SCN and peripheral clocks (e.g. by eating at the wrong time)
results in a disorganized circadian rhythm, whereas SCN disruption (e.g.
by disturbing the light cycle due to abnormal sleep/wake pattern, light
pollution) leads to dyssynchrony, as peripheral clocks are not reset by
the SCN become more and more misaligned. We investigated whether
the cardiometabolic effects of dyssynchrony are excacerbated by PM2.5

1557 Lifespan Neuroimmunotoxicology: Age-

Dependent Neuroimmune Dyshomeostasis
Caused by Pollutants, Pathogens, and
Psychoactive Substances

V. J. Johnson. Burleson Research Technologies, Inc., Morrisville, NC.
Interactions between the immune and nervous systems are critical to
overall health and wellness. These interactions are dynamic and vary
throughout life, in part due to the age-dependent plasticity of these
two complex and dispersed organ systems. In addition, early in development, the maternal immune system contributes to both normal and
abnormal brain development of the offspring. Perturbation of neuroimmune interactions and cross talk underlies a deluge of neurological
disorders and diseases, ranging from neurodevelopmental disorders,
such as Autism Spectrum Disorder, to neurodegenerative diseases like
Parkinson’s, Multiple Sclerosis and Alzheimer’s, the latter considered a
disease of the elderly. Evidence indicates that exogenous exposures to
a variety of pressures such as stress, xenobiotics, including psychoactive
substances, and infection can result in neuroimmune dyshomeostasis
that is a core component in the etiology of many neurological disorders.
Age and developmental stage are already recognized as key toxicity
modifiers due to age-dependent differences in metabolism or barrier,
i.e., blood-brain barrier, presence, and structure. However, perturbation of the integrity of the neuro-immune axis by environmental factors
within the context of age is only a recent focus of investigation, and is
largely underappreciated by the toxicology community. The goal of this
symposium is to highlight the importance of considering age and developmental stage in neuroimmunotoxicology by providing examples of
neuroimmune dyshomeostasis caused by pollutants, pathogens, and
psychoactive substances when exposures take place at different stages
of life.

1558 Environmental Influences Early in Life Impact

the Neuroimmune Axis: Focus on Autism-Like
Neurodevelopmental Disorders

D. Lawrence. New York State Department of Health, Albany, NY.
Neurodevelopmental disorders, such as ASD, have a clear genetic component, but mounting evidence points towards environmental factors
as being key contributors to aberrant nervous system development
and subsequent aberrant behaviors. Neuroimmune dysregulation early
in life is a hallmark feature of ASD and here, we will present data on
gene-environment interactions as they relate to ASD endophenotypes.
This concept will be illustrated by presentation of research on the roles
that maternal processes during gestation and lactation play in shaping
subsequent social behaviors and immune system development of the
offspring, and the involvement of oxidative stress effects on developmental neuroimmunology of humans and mice. A relatively agnostic
approach is used to quantify biomarkers (e.g., stress proteins, cytokines, and antibodies) with grating coupled surface plasmon resonance
coupled fluorescence (GCSPRCF). Effects of environmental stressors
early in life on the neuroendocrine-immune network of humans can
utilize newborn dried blood spots, which has the potential to improve
on remote collection of blood specimens, since multiple analytes can be
assayed with a single drop of blood.
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Pyrene Increase Arterial Stiffness and Alter
Circadian Blood Pressure Patterns Associated
with Systemic Inflammation and Oxidative
Stress

1559 Neuroimmune Interactions and Drugs of Abuse:

Overview of Marijuana Compounds with a Focus
on Critical Exposure Windows

B. Kaplan. Mississippi State University, Mississippi State, MS.
Alteration of neuroimmune interactions can contribute to the mechanism by which a substance exhibits toxicity. For instance, drugs of
abuse are one class of compounds that produce effects in the central
nervous system, and most drugs of abuse also suppress immune function. The most widely used illicit drug in the United States is marijuana,
the psychotropic effects of which are predominantly due to the cannabinoid, Δ9-tetrahydrocannabinol (Δ9-THC). Over the last several years,
there has been increased societal pressure to use marijuana for its putative medical benefit and/or decriminalize its recreational use. This has
increased exposure to marijuana and its compounds, which often initiates in adolescence regardless of use intent. Therefore, there is interest
in deciphering biological effects of marijuana. The goals of this talk will
be to provide an overview of the effects of cannabinoid compounds on
neuroimmune responses in the periphery and central nervous system,
discuss mechanisms by which these compounds alter immunity, and
describe how early exposure to marijuana (juvenile/adolescent stages)
could shape neuroimmune responses.

1560 Microglia and the Neuroinflammation

Hypothesis of Air Pollution in Adult Mice and
Rats

M. Block. Indiana University School of Medicine/Stark
Neuroscience Research Institute, Indianapolis, IN.
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Urban air pollution exposure has recently been linked to increased risk
of several central nervous system (CNS) diseases and conditions, such
as cognitive decline, Alzheimer’s disease, Autism, and stroke. The neuroinflammation hypothesis has emerged as a potential unifying mechanism through which multiple components of urban air pollution may be
affecting CNS diseases, where microglia are implicated as a critical source
of chronic cytokines and reactive oxygen species. At present, the underlying mechanisms mediating these effects are poorly understood. Here,
we will define this basic microglia and neuroinflammation response in
adult male rats and mice across diverse inhaled pollutants, including
petroleum diesel exhaust, biodiesel exhaust, and ozone. New data implicating diesel exhaust effects on microglial fractalkine receptor (CX3CR1),
and the fractalkine axis in adult male rats, will be discussed. Current findings demonstrating the key role of the Lung-Brain Axis in how microglia
detect and respond to inhaled pollutants in adult male rats and mice
will also be presented, where the role of circulating damage associated
molecular patterns (DAMPs) in the microglial response to inhaled air
pollutants and the effect in adult male 3x-TG mice will be addressed.
These findings provide insight into the mechanisms underlying how
air pollution may activate microglia and deleteriously impact central
nervous system health in adults.

1561 Neuroimmunology of the Aged: Interactions

with Pathogens Contributing to Neuroimmune
Dyshomeostasis

R. Johnson. University of Illinois, Urbana, IL. Sponsor: N. Filipov.
Bidirectional communication between the immune system and the CNS
is necessary for coordinating the appropriate behavioral and physiological responses to immune system activation. In old age, however, the
ability to preserve this important communication is often impaired.
This results in chronic, low-grade neuroinflammation characterized by
abnormally high levels of pro-inflammatory cytokine molecules in the
brain. The age-related increase in neuroinflammation likely contributes
to cognitive complications and predisposes individuals to a variety of
pathologies that occur more frequently with advancing age including
neurodegenerative diseases. Recent findings in animal models of aging
indicate that microglia, the brain’s innate immune effector cells, become
pro-inflammatory and hypersensitive to immune and non-immune
stimuli. Additionally, regulatory mechanisms that normally constrain
microglia become dysfunctional with old age. This presentation will
highlight new data concerning the mechanisms responsible for age-related microglial cell dysfunction.

1562 Bispecific Molecules: Nonclinical and Clinical
Development Challenges

P. L. Del Valle. US FDA, Silver Spring, MD.
Bispecific antibodies combine antigen‐recognizing elements into a
single molecule and are able to bind to two or more targets. This design
was described more than 30 years ago, and it addresses the fact that
more than one pathway is often present in many diseases. Initial challenges in the development of bispecific antibodies included inefficient
designs, manufacturing problems, immunogenicity, undesirable toxicity liabilities, and shorter half‐life that hampered their development
but provided many lessons learned. New molecular engineering technologies that incorporates high-throughput methods for quantitative
analysis are generating alternatives for selection of bispecific antibodies
formats that can be grouped as 1) bispecific fragments, 2) bispecific IgG
(BsIgG), 3) appended IgG, 4) bispecific fusion proteins, and 5) bispecific
antibodies conjugates. Discussion of engineering strategies for the
production of a large matrix of bispecific antibodies will illustrate the
technological developments in manufacturing that have occurred in
recent years. Bispecific antibodies are being developed for treatment
of solid tumors and hematologic malignancies, for virus neutralization,
for treatment of inflammatory diseases, gene mediated therapy, and
for immunodiagnostic applications. While different bispecific antibodies formats widened the potential therapeutic applications of the
molecules, they also introduced hurdles for nonclinical toxicology programs to characterize toxicity liabilities and identify target organs of
toxicity to enable clinical trials. For example, both targets are often not
present in healthy animals or they are not present in a manner similar
to humans. That is the case of blinatumomab, the first bispecific antibody approved in the US. It is a bispecific T cell‐engaging (BiTE®) format
against CD3xCD19 composed only of the variable regions of antibodies
that are connected by flexible linker peptides. Blinatumomab lacks an
Fc region resulting in a smaller size molecule relative to a mAb, leading
to enhanced tissue penetration but conferring short serum half‐life that
requires administration by continuous infusion. No neurological toxicities were observed in non‐terminal toxicology studies, still life‐threatening neurological toxicities occurred in patients. The current generation of BiTE® constructs is fully human in sequence and cross‐reacts
with NHPs. Discussion of strategies for nonclinical assessment, including
target liability assessment for defining a safe clinical starting dose and
for mimicking the clinical dosing regimen for various BiTE® constructs,
will explain the challenges faced during the development of this type
of bispecific antibody. BsIgGs retain Fc‐mediated effector functions
such as antibody‐dependent cell mediated cytotoxicity, complement‐
dependent cytotoxicity, and antibody‐dependent cellular phagocytosis.
Modifications to the Fc to minimize those effector functions can also be
incorporated depending on the intended target; some bispecific antibodies are designed for membrane bound targets; for example, to bring
T or natural killer cells in close proximity to malignant cells promoting
activation of immune effector cells for tumor cell destruction. Others are
being designed to interact with two different disease mediators neutralizing two different signaling cascades through inactivation either on
the level of the receptor or on the ligands, proliferation, or inflammatory
processes. In most cases of bispecific antibodies redirecting T cells to
tumor cells, integrated safety assessments relies on MABEL approaches
for defining a FIH starting dose. Though MABEL approaches based on
in vitro assays can define a safe starting dose for a FIH trial, it may take
a long time to define a therapeutic dose to be tested in subsequent
trials. A retrospective analysis of available data is important to understand limitations of current paradigms for FIH. When one of the targets
is not present in animal models, safety pharmacology assessments provided limited information of undesirable pharmacodynamic properties.
Generation of bispecific constructs that cross-react with animal models
would be important to understand bispecific antibodies attributes such
as mechanism of action, pharmacokinetics, and immunogenicity that
influence nonclinical development strategies. The talks in this workshop
are designed to spark discussion about the nonclinical programs for
the development of different bispecific antibodies formats, the hurdles
encountered for toxicity testing, and how toxicologists sorted them out
to advance bispecific antibodies successfully in clinical development,
and the regulatory challenges the Agency faces. This workshop will
aid toxicologists with a better understanding of bispecific antibodies
applications, the characteristics of different bispecific formats and their
toxicity liabilities, and alternative strategies for toxicity testing to adequately assess the safety profile for patients.

and Challenges

1566 Bispecific Antibody Constructs: A Retrospective
Examination of Nonclinical Data

C. Spiess. Genentech, Inc., San Francisco, CA. Sponsor: P. Del Valle.

H. Saber. US FDA, Silver Spring, MD. Sponsor: P. Del Valle.

Bispecific antibodies are moving mainstream as therapeutics, with
currently two bispecific antibodies approved and about 30 in clinical
development. The presentation will discuss the general challenges and
specific engineering solutions to produce bispecific antibodies. This
includes in vitro assembly from two component antibodies and more
desired single-cell approaches, as well as their downstream implications
on manufacturing and analytical characterization. In addition, considerations for designing bispecific antibodies to match the desired serum
half-life, effector-function, and mode of action for the intended application and their pre-clinical models, will be discussed. This includes strategies to screen parental antibodies to identify the best pair to combine
into the final bispecific antibody.

Over the last two decades, many antibodies have been approved for
treatment of solid tumors and hematologic malignancies. With the
evolving technology and optimization of antibody engineering, antibodies with increased effector function have been produced. There is
currently a growing interest in bispecifc antibody constructs to retarget
the effector cells against tumor cells. Among innovative designs are CD3
binding bispecific antibody constructs, with or without the Fc domain.
These products bring T cells close to the target, resulting in T cell activation and ultimately lysis of target (e.g. tumor) cells. Nonclinical safety
assessment of these products may be challenging. For instance, both
antigen-binding moieties should bind their targets in order to produce
the desired activity, but a pharmacologically relevant species for both
targets is not always available. In addition, immune oncology products are usually well tolerated in animals, with minimal pharmacologic
effects despite target binding, and little or no toxicity, hence making
it difficult to adequately assess the safety profile for patients. At times
pharmacology studies may be the best source of data to assess the
safety of these products and to select the first-in-human dose. We have
examined immune oncology products, including bispecific constructs,
with the emphasis on nonclinical safety studies. This presentation is a
summary of our retrospective data collection and analysis.

1564 Nonclinical Characterization of Blinatumomab
and Its Translation into the Clinic

B. Rattel. AMGEN Research (Munich) GmbH, Munich, Germany.
Sponsor: P. Del Valle.
Blinatumomab (BLINCYTO®) is the first bispecific antibody approved in
the US. It is a bispecific T cell-engaging format, commonly referred to
as BiTE® antibody construct, comprised of two different flexibly-linked
single-chain antibodies (scFV), one directed against CD19 and one targeting CD3. Blinatumomab lacks an Fc region, resulting in a smaller size
molecule relative to a mAb, with a short serum half-life that requires
administration by continuous infusion. Blinatumomab transiently links
CD19-positive tumor cells with resting polyclonal T cells for induction of a surface target antigen-dependent re-directed lysis of tumor
cells, closely mimicking a natural cytotoxic T cell response. The in vitro
pharmacological characterization of blinatumomab predicted the clinical data very well with respect to effective systemic drug exposures,
T cell activation/proliferation and cytokine release. Blinatumomab, a
first generation BiTE, only binds with high affinity to human and chimpanzee CD19 and CD3, and demonstrates functional activity against B
cells from both species, but does not bind to B and T lymphocytes from
other species. In order to facilitate in vivo safety testing of blinatumomab, a murine surrogate molecule was generated, and the majority of
the BLA/MAA-directed nonclinical studies were accordingly conducted
in the mouse. Though B cell eradication and cytokine release could be
demonstrated in this healthy animal model, no neurological toxicities as
observed in patients were detected. In patients, these toxicities included
tremor, dizziness, encephalopathy, paresthesia, aphasia as well as confusional state, and could be potentially life-threatening. The current
generation of BiTE® antibody constructs is fully human in sequence and
cross-reacts with NHPs. Strategies for nonclinical assessment, including
target liability assessment, as well as for defining a safe clinical starting
dose, and for mimicking the clinical dosing regimen, will be discussed
for various BiTE® antibody constructs.

1565 Strategies for Nonclinical Safety Assessment of
Bispecific mAbs

C. Sachs. MedImmune, LLC, Gaithersburg, MD.
There is significant interest in combining specificities of monoclonal
antibodies (mAbs) to target multiple pathways and modulate their
activities with a single molecule leading to development of multiple
bispecific scaffolds (BiSAbs). The genetic engineering of BiSAbs has generated new molecules with marked differences in size and disposition
from the parental antibodies from which they are derived. Traditional
approaches to evaluate preclinical safety of mAbs may not be applicable
to development of BiSAbs. Novel strategies and methods based on consideration of product attributes, including valence, species specificity,
potential for cytokine release, and immunogenicity, may be needed to
characterize pharmacology, PK, and toxicology. The overall goal of this
session is to identify strategies for characterization of BiSAb product
attributes, selection of preclinical animal models and design of preclinical programs for, to support dose extrapolation and transition of BiSAbs
from research to clinical development.

1567 Controversies in Pesticide Toxicology
A. Vale. University of Birmingham, Birmingham, United Arab
Emirates.
Neonicotinoids block postsynaptic nicotinic acetylcholine receptors
(nAChRs) and their specificity for insect nAChR is several hundred times
greater than for vertebrate nAChR. It would be expected, therefore, that
the features of human neonicotinoid poisoning would be less severe
than nicotine poisoning, but after a substantial ingestion this is not the
case. Bees can be exposed to neonicotinoids when foraging on seed
treated crops and as a result of dust expelled into the environment
from drilling machines. Both laboratory studies and semifield experiments have shown that sublethal neonicotinoid exposure can affect
many aspects of pollinator behavior and physiology, though responses
vary between bee species and by type of exposure. For another class of
insecticides, the organophosphorus chemicals, there is substantial controversy as to whether neurobehavioral changes can occur in humans
as a consequence of acute poisoning and after low level exposure to
these insecticides. The evidence base is relatively scarce for the former
and extensive for the latter, but in both cases the results are not convincing and are conflicting. In most studies, assessment of exposure is
vague and, given the variability of farmer exposures, chemicals other
than anticholinesterases might account for the observed effects. Severe
cholinergic overstimulation causing hypoxia and convulsions may lead
to permanent neurobehavioral deficits, but such conditions are often
unreported. The choice of controls also is critical when deficits on visual
attention, visuomotor speed, and motor dexterity are detected in those
workers previously poisoned when compared with those never poisoned. Also measurements of red cell AChE activity are rarely performed,
hampering the understanding of the underlying mechanism(s). While
the variable presence of more susceptible individuals, possibly due to
polymorphisms of metabolic profiles, may account for these differing
results, it is unclear what the potential mechanisms could be. Another
controversy that has been debated for many years is whether pesticide
exposure is a causative factor in neurodegenerative disease. So far, possible underlying mechanisms are not well understood, and epidemiological evidence linking its etiology with long-term/low-dose exposure
to specific pesticides is limited. A potential source of bias in many epidemiological studies that rely on self reports is the absence of specific
exposure assessments since pesticides are often grouped together in
questionnaires, despite the fact that their mechanisms of action are very
different. The European Food Safety Authority (EFSA) has proposed the
concept of the OECD Adverse Outcome Pathways to describe different
putative mechanisms underlying Parkinson’s Disease that may be linked
ultimately to specific pesticides. Although this provides a scientific rationale for the processes that may lead to a final outcome of neurodegeneration, it is not yet clear that it will allow the establishment of cause-effect relationships since it relies on heterogeneous data from different
sources (human epidemiology, animal, in vitro) and of different quality.
The final controversy in this session concerns glyphosate, a broad spectrum herbicide currently with the highest production volumes of all
pesticides. It is used in more than 750 different products for agriculture, forestry, urban, and home applications. The International Agency
for Research on Cancer (IARC) Working Group classified glyphosate as
“probably carcinogenic to humans” (Group 2A) in 2015. In making this
overall evaluation, the Working Group noted that mechanistic and other
relevant data support the classification of glyphosate in Group 2A. In
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1563 Bispecific Antibodies: Strategies, Considerations,

addition to limited evidence for the carcinogenicity of glyphosate in
humans and sufficient evidence for the carcinogenicity of glyphosate in
experimental animals, the Working Group were of the view that there is
strong evidence that glyphosate can operate through two key characteristics of known human carcinogens, and that these can be operative
in humans. The European registration renewal assessment, published
by EFSA in October 2015, was the first comprehensive regulatory scientific assessment conducted after the publication of the IARC monograph, and used the classification criteria for chemicals adopted under
the United Nation Globally Harmonised System (UNGHS). Based on the
same evidence base regarding epidemiological studies, and broader
evidence regarding carcinogenicity in animals and genotoxicity, EFSA
has concluded that glyphosate is unlikely to be genotoxic or pose a carcinogenic threat to humans.

cell acetylcholinesterase activity are rarely performed, hampering the
understanding of the underlying mechanism(s). Perhaps the variable
presence of more susceptible individuals, possibly due to polymorphisms of metabolic profiles, may account for differing results. All this
raises the questions: what mechanism(s)? These could include previous
mild overlooked cholinergic episodes, undetectable cholinergic effects,
or other unknown mechanisms shared by all organophosphates and
carbamates and occurring at doses not causing cholinergic effects? Or,
more simply, could the causal correlation between both past poisoning
and low level exposures and mild subclinical behavioral signs be difficult
to establish because results may be mimicked or hidden by numerous
confounding variables?

1570 Pesticides and Neurodegenerative Disease: Is
1568 Neonicotinoid Insecticides: Safe for Humans, but
Toxic to Bees?

A. Vale. University of Birmingham, Birmingham, United Kingdom.
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Neonicotinoids block postsynaptic nAChRs, particularly the a4ß2
subtype. As a result acetylcholine accumulates producing the cholinergic syndrome. The specificity of neonicotinoids for insect nicotinic
receptors is shown, for example, by the selectivity ratio of imidacloprid being 565 times greater for insect nAChR compared to vertebrate nAChR. The solvent (e.g. N-methyl-pyrrolidone) present in many
formulations may also contribute to toxicity. Despite apparent insect
selectivity, human poisoning with neonicotinoids is well recognized
and characterized clinically by the rapid onset of gastrointestinal
upset, fever, sweating, increased salivation, bronchorrhoea, agitation,
lack of coordination, disorientation, muscle weakness, seizures, coma,
depressed respiration, severe hypotension, shock, and respiratory/
cardiac arrest. In December 2013, the European Union instigated partial
restrictions on the use of neonicotinoid insecticides on crops that might
be used as food by pollinating insects, but approved sulfoxaflor in July
2015 on the basis that it would not have any unacceptable effects on
the environment. In contrast, a US court overturned Federal approval
for sulfoxaflor in September 2015. Bees can be exposed potentially to
neonicotinoids in two ways: first when foraging on seed-treated crops
and, secondly, as a result of dust expelled into the environment from
drilling machines during the planting of treated seeds. Both laboratory
studies and semi-field experiments have shown that sublethal neonicotinoid exposure can affect many aspects of pollinator behavior and
physiology, though responses vary between bee species and by type
of exposure (for example, acute versus chronic or oral versus contact).
While several true field studies have reported no effect of exposure to
neonicotinoid-treated crops on honeybee colony performance, the first
large-scale study of the exposure of bumblebees found strong evidence
of harmful effects. In conclusion, after deliberate substantial ingestion,
neonicotinoid formulations can be harmful to humans, and fatalities
have been reported. A limited evidence base suggests that bees can
be affected by neonicotinoid use, but there remain major gaps in our
understanding of the impact of these insecticides.

1569 Do Neurobehavioral Changes Occur in

Humans as Long-Lasting Consequences of
Acute Poisoning with Organophosphorus
Insecticides and after Low Level Exposures to
Anticholinesterase Agents?

M. Lotti. Università degli Studi di Padova, Padova, Italy.
Neurobehavioral testing has been used to evaluate mild subclinical
disturbances following organophosphate and carbamate pesticide
exposure in two situations: to ascertain either persistent abnormalities
after recovery from acute poisoning, or the consequences of low level
occupational exposures. Literature is relatively scarce for the former
and extensive for the latter. In both cases, the results are not convincing and are conflicting. Severe cholinergic overstimulation when
causing hypoxia and convulsions may obviously lead to permanent
neurobehavioral deficits, but such conditions are often unreported.
The choice of controls is also critical when deficits on visual attention,
visuomotor speed, and motor dexterity are detected in those workers
previously poisoned when compared with those never poisoned. In
such circumstances, the question is as to whether these defects are a
consequence of the poisoning or rather its cause. Some reports also
raise the possibility that such changes may be reversible. Rather small to
moderate diverse neurobehavioral changes after low level of exposure
to organophosphate pesticides have been reported in some studies.
The overall evidence of these changes is difficult to ascertain because
in most studies, assessment of exposure is vague and, given the variability of farmer exposures, chemicals other than anticholinesterases
might account for the observed effects. Also measurements of red blood

There a Causal Link?

M. Wilks. University of Basel, Basel, Switzerland.
With increasing longevity the burden of disease from neurodegenerative disorders such as Parkinson’s Disease and Alzheimer’s Disease is
rising. While the etiology of most neurodegenerative disorders is considered to be multifactorial, an interaction between genetic susceptibility
and environmental factors is strongly suspected. Pesticide exposure as
a causative factor in neurodegenerative disease has been debated for
many years, but the possible underlying mechanisms are not well understood, and epidemiological evidence for specific agents is limited. For
the main neurodegenerative diseases such as Parkinson’s Disease and
Alzheimer’s Disease, there is some evidence linking their etiology with
long-term/low dose exposure to pesticides such as paraquat, maneb,
dieldrin, pyrethroids, and organophosphates. Furthermore, some of
these pesticides share mechanisms of toxicity, namely the ability to
induce oxidative stress, mitochondrial dysfunction, a-synuclein fibrillization, and neuronal cell loss. However, a potential source of bias in
many epidemiological studies that support a causal link is the absence
of specific exposure assessments. The majority of studies rely on self-reports, and there is the potential for misclassification. Furthermore, pesticides are often grouped together in questionnaires despite the fact that
their mechanisms of action are very different. To overcome some of the
difficulties in identifying cause-effect relationships, the European Food
Safety Authority (EFSA) has proposed to use the concept of the OECD
Adverse Outcome Pathways as a tool for describing different putative
mechanisms underlying Parkinson’s Disease, such as oxidative stress,
mitochondrial dysfunction, and neuroinflammation. Although this provides a scientific rationale for the processes that lead to a final adverse
outcome, it is by no means clear that it will allow the establishment of
cause-effect relationships on the basis of heterogenous data from different sources (human epidemiology, animal, in vitro) and of different
quality.

1571 Is Glyphosate a Probable Human Carcinogen?
Yes!

C. Portier. US National Center for Environmental Health and US
Agency for Toxic Substances and Disease Registry, Atlanta, GA.
There are three important sources of evidence for examining the carcinogenicity of glyphosate: evidence in humans; evidence in laboratory
studies of animals; and evidence that there is a plausible reason this
occurs. There were 26 cancer studies in humans exposed to glyphosate
formulations, most of which are negative. Nine of these studies examined non-Hodgkin lymphoma (NHL). One prospective study was negative for NHL after less than 10 years of follow-up with few cases. Four
case-control studies, when pooled, showed a positive association, as did
two other case-control studies. The higher quality studies adjusted for
multiple exposures to other pesticides and still demonstrated a positive association with length of exposure increasing the strength of the
association. However, because of limitations in these studies, chance,
bias, and confounding could not be dismissed. There were five laboratory studies in mice and ten in rats. All five of the mouse studies had at
least one increased tumor site by trend analysis. Kidney tumors, a rare
tumor in mice, were significantly increased in three studies; hemangiosarcomas and malignant lymphomas were increased in two studies. The
rat studies were all negative for malignant tumors, although there were
a few significant increases in non-malignant tumors. Literature data
demonstrates glyphosate and glyphosate formulations can cause DNA
damage in human and animal cells and in laboratory animals, but not
in organisms of bacterial origin. Glyphosate formulations also caused
DNA damage in blood of humans environmentally exposed. Glyphosate
and glyphosate formulations have been shown to induce free oxygen
radicals that are capable of damaging DNA. To summarize, glyphosate
formulations are associated with NHL in humans, but the evidence is

1572 Is Glyphosate a Probable Human Carcinogen?
No!

J. Tarazona. European Food Safety Authority (EFSA) Pesticides Unit,
Parma, Italy. Sponsor: A. Vale.
All regulatory assessments had concluded that glyphosate does not
have specific concerns regarding carcinogenicity, until IARC concluded
in 2015 that glyphosate should be listed in group 2A as “probably carcinogenic in humans”. The European renewal assessment, published
by EFSA in October 2015, has been the first comprehensive regulatory
scientific assessment conducted after the publication of the IARC monograph, and used the classification criteria for chemicals adopted under
the United Nation Globally Harmonised System (UN-GHS). Based on
the same evidence regarding epidemiological studies, and broader evidence regarding carcinogenicity in animals and genotoxicity, EFSA has
concluded that glyphosate is unlikely to be carcinogenic and genotoxic.
Mammalian in vivo genotoxicity studies are negative except for intraperitoneal applications at doses the LD50 range associated to secondary
effects of cytotoxicity. The statistical assessment of the valid mammalian
long-term toxicity/carcinogenicity studies does not indicate significant
increases in the pairwise comparisons although some significant trends,
no consistent among sexes and studies; are observed for some tumors.
The biological relevance of those trends was considered in a weight of
evidence approach for tumor initiation and promotion. The available scientific evidence does not support the consideration of glyphosate as a
non-threshold genotoxic carcinogen. Regarding non-genotoxic mechanisms, the lack of consistency, lack of pre-neoplastic lesions, comparison
with historical controls and consideration of incidences only observed at
doses with excessive toxicity support the conclusion that glyphosate is
unlikely to be carcinogenic and does not require classification according
to the UN-GHS system. Effects other than tumor induction triggered the
NOAELs of the long term toxicity-carcinogenicity studies, and the toxicological reference values were established from more critical effects
observed in other studies. From a health assessment perspective, the
induction of tumor or DNA damage secondary to (cyto)toxicity and
associated to doses with excessive toxicity is of low relevance, as a risk
assessment based on the toxicological reference values proposed by
EFSA will provide sufficient level of protection.

1573 Improving Public Health through Innovations in
Exposure Science

C. Tan.
In the traditional risk assessment paradigm, exposure science is relegated to a supporting role, providing an exposure estimate for comparison with hazard-based guidance values to determine whether there
may be an unacceptable risk to public health. More recently, exposure
science has transformed into a distinct discipline that complements toxicology as a means to understand the relationship between exposures
to chemical mixtures and multiple health effects. This transformation
is driven by advances in, for example, analytical methods, biomarker
discovery, computational capabilities and algorithms, remote and
on-person sensors, and geographic information systems. These major
innovations in exposure science provide novel data streams that can
revolutionize toxicity testing strategies and conventional risk assessment. For example, large numbers of chemicals are being detected at
ever-lower concentrations in environmental and biological samples,
providing relevant exposure information to be integrated into toxicity
testing strategies. Novel biomarkers are being developed to expand our
understanding of exposures, early biological effects, and susceptibility,
and to allow for the exploration of contributions from both chemical
and non-chemical stressors to adverse health outcomes. This workshop
will introduce numerous innovative tools to enable better characterization of human exposures to mixtures of chemicals, including 1) a
non-targeted approach to identify chemical signatures in house dust;
2) a laser ablation method for reconstructing early lifestage exposures
to chemicals and essential nutrients using deciduous teeth; 3) the use of
low-cost air sensors to collect air pollutant data for individuals; and 4) a
biomonitoring study to examine the potential role of various estrogens
in disruption of normal endocrine functions in pregnant women. In addition to exposure characterization, exposure data can be integrated with
hazard information obtained from in vitro toxicity screening assays and/
or disease outcomes found in epidemiologic studies to provide insight
into the complex relationship between multiple exposures and multiple health outcomes. The last presentation will introduce a framework

for organizing data and information emerging from exposure science
research, along with tools to further the application of systems-based
approaches for improving public health. Following the presentations,
there will be a 20-minute open discussion among workshop presenters
and attendees to explore strategies to raise awareness in the conventional toxicology community of these innovative exposure-based
approaches. The overarching goal of this workshop is to initiate discussions about the utility of these novel approaches in exposure science,
together with advancements in toxicity testing strategies, in order to
improve public health assessment. Disclaimer: Although this abstract was
reviewed by US EPA and approved for publication, it may not necessarily
reflect official Agency policy.

1574 Transitioning Toxicological Research with
Innovative Exposure Science and Tools

A. Paini, A. Worth, and M. Whelan. Joint Research Centre, Ispra,
Italy. Sponsor: C. Tan.
Driven by scientific advances in innovative tools and technologies, the
field of exposure science is undergoing a rapid transformation to integrate currently scattered data on individual chemicals and exposure
factors (e.g., life stages, lifestyle, behaviors) to better understand the role
of chemical exposures in disease outcomes. This short introduction will
provide an international perspective on exposure-informed approaches
to complement hazard assessment for improving public health. The
European Union Reference Laboratory for alternatives to animal testing
(EURL ECVAM) recently proposed a toxicokinetics strategy, which is a
novel integrated approach to use computational tools (e.g., Multimedia
models, Physiologically Based Kinetic [PBK] models, and the Virtual Cell
Based Assay [VCBA]) to link exposures to toxicokinetics and toxicodynamics. These models will be briefly introduced with an example that
utilizes the PBK and VCBA models for extrapolation of in vitro toxicity
data measured in HepaRG exposed to estragole or caffeine to in vivo
response. The integration of the different levels of models, from environment to cell, along with concepts such as Adverse Outcome Pathways
(AOPs) and Aggregate Exposure Pathways (AEPs), will aid in identifying
knowledge gaps, from exposure to disease, to perform risk assessments
for improving public health without the use of animals.

1575 Innovative Screening Methods to Identify

Chemical Exposure Signatures and Linkages to
Toxicity: Case Study with House Dust

J. Rager1, K. Isaacs2, D. Biryol2, S. Newton2, M. Strynar2, and J.
Sobus2. 1ToxStrategies, Austin, TX; and 2US EPA, Research Triangle
Park, NC.
Non-targeted and suspect screening analysis methods are analytical
approaches that can be used to identify large numbers of chemicals
in environmental and biological samples and thus unravel the human
exposome. Suspect screening involves the detection of analytes using
existing chemical inventories and matching algorithms, while non-targeted screening uses no a priori information– that is, no list of suspected
or targeted chemicals. Here, we present a case study for implementing
such approaches through the chemical analysis of house dust samples.
House dust was selected for this analysis as it is an important indicator of
indoor chemical exposures, particularly for infants and young children. A
preliminary suspect screening analysis tentatively identified thousands
of chemicals in dust; high-throughput bioactivity and exposure data
(from EPA’s ToxCast and ExpoCast programs, respectively) were used
to prioritize chemicals for confirmatory analysis. This proof-of-concept
study identified a number of previously unstudied chemicals in dust, and
demonstrated the potential of 21st century environmental monitoring
methods in the evaluation of complex mixtures. Despite this innovative
screening strategy, only a small percentage (<5%) of the total constituents of dust were successfully identified. More recent efforts have therefore built upon this work using a more holistic approach. After screening
for the presence of individual chemicals, all sample constituents were
characterized using supervised and unsupervised clustering and classification methods in order to detect human exposure signatures. Specific
approaches evaluated include: 1) hierarchical clustering of co-occurring
constituents; 2) analysis of the correlation of constituents with specific
exposure sources (e.g., smoking within the home, cleanliness, pesticide
use); and 3) identification of candidate “sentinel” markers of specific
exposure sources using random forest classification modeling. These
methods collectively aid in characterizing individual sample components (i.e., chemical structures) and complex exposure pathways. This
research serves as groundwork for rapid exposure screening methods
that can be used to connect aggregate exposure pathways to adverse
outcome pathways with the goal of identifying individual chemicals and
chemical mixtures that contribute to human disease.
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limited for causality, glyphosate cases kidney tumors, hemangiosarcomas, and malignant lymphomas in laboratory mice, and there is evidence supporting a mechanism by which glyphosate causes cancer. It is
reasonable to conclude that, at sufficient levels of exposure, glyphosate
and glyphosate formulations are probably carcinogenic to humans.

1576 Uncovering Prenatal and Early Childhood

Windows of Susceptibility to Environmental
Chemicals Using Teeth

M. Arora, C. Austin, and S. Andra. Icahn School of Medicine at
Mount Sinai, New York, NY. Sponsor: C. Tan.
The exposome concept proposes a comprehensive assessment of environmental exposures, including diet, chemicals, and other stressors,
from the prenatal period onwards. We present recent developments in
high dimensional analyses of teeth that have the potential to reconstruct
the exposome in the second and third trimesters of prenatal development and during early childhood. We undertook studies in children
drawn from longitudinal pregnancy cohorts and in animals (macaques
and rats) to develop, validate, and apply the tooth matrix biomarkers.
Using LA-ICP-MS, we reconstructed pre- and postnatal exposure to
multiple metals at fine temporal resolution in children. These analyses
have recently been extended to organic chemicals (phthalates, pesticides, phenols, etc.). Beyond chemical exposures, we have also developed tooth matrix biomarkers for dietary transitions and stress-related
events in early life. We present results from three inter-related studies.
First, in a prospective cohort in Mexico City, we found that fine-motor
scores were significantly associated with early life manganese exposure.
This association showed two critical windows; from late third trimester
to approximately 100 days after birth, higher tooth-manganese was
associated with better performance on the fine-motor scale (maximum
correlation=0.10, p<0.05). However, after 200 days of age, manganese
was inversely associated with fine-motor scores (maximum correlation=-0.20, p<0.05). These models were adjusted for child age, sex,
hemoglobin, mother’s education, and IQ. Second, in a parallel human
and macaque study, we observed that barium signatures corresponded
to transitions from breast milk to infant formula; introduction of formula
was associated with a significantly higher barium uptake than breast
milk. Finally, we have applied multimodal imaging to macaque samples
to uncover history of stress-related events using teeth. Periods of major
stress, including illness, separation from parent, and relocation, were
associated with discrete chemical imprints that could be recovered in
dentine. Tooth matrix biomarkers provide an opportunity to reconstruct
the intensity and timing of exposure in environmental health studies,
and move us closer to the development of a retrospective temporal
exposome.
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Impacts Using Sensor Technologies

E. Seto. University of Washington, Seattle, WA. Sponsor: C. Tan.
Numerous sensor technologies have been developed in recent years to
collect data on environmental pollutants for examining their impacts
on human health. Many of these technologies offer potential advantages, including providing real-time and continuous data collection,
network connectivity for feedback and data sharing, as well as improved
portability/mobility. As with any new instrument, questions has been
raised as to the validity of the measurements compared to established
instruments, as well as best practices for applying these new sensors
within human health studies. We explored the question of monitor performance in two recent air pollution monitoring studies. The first study
was based on a new paradigm of community crowdsourcing of air pollution in the San Francisco Bay Area. Though a partnership between
academic researchers, two community groups, and the regional air
quality management district, a network of monitors was established for
monitoring traffic-related air pollutants, such as fine particulate matter
(PM) and gases (CO, NOx, and O3). We identified limitations associated
with low-cost sensors, and opportunities for augmenting the community network with measurements collected with more capable researchgrade instruments. The second study aimed to develop and evaluate a
new personal air quality monitor that could be used by individuals to
assess variations in exposures experienced during normal daily activities. While considerable effort was spent evaluating the technical performance of the sensing technology of the monitors, ultimately the iterative usability studies that were conducted with focus groups yielded
important insights into the acceptability. We learned that even the small
noise of a pump/fan may be disruptive for subjects who work in quiet
environments. Men and women may have different preferences for how
they carry an exposure device. Even minor changes to shape and color
of the monitor can be important determinants of usability. In summary,
our experience has been that while the technical capabilities of new
sensors are important to evaluate, it is also important to evaluate how
these sensors are used in the real world. The community concerns and
partnerships that facilitate environmental data crowdsourcing, as well
as the usability of the sensors and the data they provide are also very
important to understand.

1578 Aggregate Exposures and Adverse Outcome

Pathways for Estrogen Mimics: Can the
Frameworks and Emerging Exposure Data
Help Focus Public Health Research on the Most
Relevant Exposures?

J. Teeguarden. Pacific Northwest National Laboratory, Richland, WA.
Historically, endocrine disruption research has focused narrowly on
single compounds, at exposures higher than those experienced by
humans, and without consideration for the aggregate exposure to
compounds acting through an adverse outcome pathway of interest.
From a public health perspective, assuring that exposures to exogenous
estrogens do not shift total blood estrogenicity–exogenous plus endogenous–may be more biologically meaningful than a focus on single
compounds. Here we demonstrate the concept of the estrome, by measuring and then weighting the contribution of nine estrogens to total
and daily variability in blood estrogenicity. Repeat measures of estradiol, estrone, estriol, estetrol (fetal derived), equol, daidzein, genistein,
bisphenol A, and zearalenone concentrations were made over a 24-hour
period in 30 pregnant women from the Salt Lake City Metropolitan area.
A computational model of the competitive binding of these nine estrogenic ligands with estrogen receptor alpha (ERα) and estrogen receptor
beta (ERß), and of post ligand binding protein signaling, was developed
and used to calculate the relative estrogenicity of each estrogen at measured serum concentrations. During pregnancy, high normal estrogen
levels resulted in predicted occupancies of ERα and ERß in the 70-85%
range, within individual variability of 5-10%. Bisphenol A, studied
widely because of concerns over its estrogenicity, contributed less
than 0.00001% to total receptor occupancy, a biologically insignificant
amount, even when viewed in the context of daily variability in serum
estradiol loads. In contrast, genistein and diadzein, two higher affinity
estrogen ligands common in the diet, with higher levels of human exposure, bound 10-60% of estrogen receptors, implying potential for a biologically meaningful contribution to total estrogenicity during development in humans. The framework for weighing the biological potency of
normal and exogenous ligands at real world concentrations, can easily
be expanded to other receptor systems (e.g. thyroid), providing a useful
method for combining measured exposures with other data (receptor
binding affinity, unbound fraction) easily obtainable in the laboratory, to
screen compounds and weigh their individual and aggregate potential
contribution to endocrine disruption or other forms of toxicity.

1579 A Conceptual Framework to Advance Exposure

Science Research and Complement the Adverse
Outcome Pathway Framework

S. Edwards2, C. Tan2, J. Lenoard2, P. Egeghy2, and J. Teeguarden1.
1PNNL, Richland, WA; and 2US EPA, Durham, NC.
A tremendous amount of data on environmental stressors has been
accumulated in exposure science, epidemiology, and toxicology,
yet most of these data reside in different silos. The Adverse Outcome
Pathway (AOP) framework was developed as an organizing principle
for toxicological information, and an international repository has been
built for this information (http://aopkb.org/). This has enabled better
collaboration and information exchange within the research community; it also provides a more uniform representation of mechanistic
information for the risk assessment and regulatory communities. The
Aggregate Exposure Pathway (AEP) is essentially an integrated exposure framework, which serves as a complement to the AOP. The AEP
is completely consistent with the construct of conceptual site models
(CSM) developed in cumulative risk assessment (CRA), and can serve to
bring technological advances such as the AOP into such applications.
Ideally, the AEP also includes absorption, distribution, metabolism, and
excretion within a biological receptor in order to reach a target site
exposure (i.e., dose) at the cellular/tissue level. This would better match
exposure predictions with the molecular initiating events described in
the AOP framework and allow better integration of high-throughput,
in vitro toxicity data. The AEP framework is based on two fundamental
components inspired by AOPs: a Key Exposure State (KES) represents a
measurable stock of a stressor within the environment or the receptor;
a Key Transformation/Transportation Relationship (KTR) represents the
movement of the stressor or conversion of a stressor into a different
one. The AEP framework will be illustrated through a set of case studies,
including phthalates and other environmental stressors. The AEP builds
on previous constructs in exposure and risk assessment science such
as exposure pathways, conceptual site models, and stocks/flows from
systems modeling. A harmonized framework allows information from
one construct to flow into another, which should enhance interoperability among computational models. As with the AOP framework, a
unified representation of the information should also help in translating
research results to inform regulatory decisions. Disclaimer: Although this
work was reviewed by US EPA and approved for publication, it may not necessarily reflect official Agency policy.

Compounds Released from Pharmaceutical,
Consumer, Medical Device and Combination
Products: Alternative Tools and Methods

A. Hood. US FDA, Silver Spring, MD.
The potential toxicological effects of compounds released from medical
devices and combination products are a patient safety concern for
both device manufacturers and regulatory stakeholders. This session
will address the need to advance methods for the toxicological risk
assessment of compounds released from medical devices and combination products, and will explore opportunities for modernizing
the risk assessment approaches for these compounds. This session is
intended to generate a dialogue for recent advancements from a variety
of industry and non-industry initiates in the development, acceptance,
and application of alternative tools that complement or replace in vivo
testing. The session focuses on two areas of toxicological risk assessment: hazard assessment, and risk characterization. The session begins
with modernizing hazard assessment through systematic review using
objective, reproducible methods that transparently document scientific
judgments and the scientific basis of hazard identification conclusions.
Then, recent insights on assigning Cramer classification to compounds
that can be used as guidance and improvement of in silico tools will be
presented. Computational tools, such as QSAR models and Read Across,
to predict the toxicity of compounds lacking experimentally-derived
toxicity data and the use of these predicted toxicity values will be discussed. The final topic is a semi-quantitative risk evaluation matrix to
determine the amount and rigor of component testing that may be necessary and appropriate to establish that the component is suitable for its
intended use. Academic/industry/consulting toxicological risk assessors
and regulatory affairs representatives who have an interest in recent
advancements in toxicological risk assessment in medical devices, combination, and consumer products should consider attending this workshop.

1581 Evaluation of the Potential Immunotoxicity

Associated with Exposure to Perfluorooctanoic
Acid (PFOA) with a Systematic Review
Framework

A. Rooney, V. Walker, A. Boyles, and K. Thayer. NIEHS/NTP,
Research Triangle Park, NC.
Systematic review methodologies were first developed to assess the
efficacy of health care interventions, and these approaches have been
adapted and extended to address environmental health questions such
as potential immunotoxicity associated with PFOA exposure. Although
steps have been taken to remove PFOA from aqueous-based polytetrafluoroethylene (PTFE) medical device coatings, there are still questions
on potential immune-related health effects of PFOA from its past use
and detectable blood levels of PFOA in the general US population from
other exposure sources. These questions can be addressed using the
structured approach of a systematic review to increase the objectivity
and transparency in the process of collecting, synthesizing, and reaching
conclusions based on the available scientific evidence. The methods
also include evidence integration procedures so that the hazard conclusions reflect consideration of the full extent of the evidence, because the
relevant data for environmental health questions may include a broad
range of human study designs as well as animal toxicology and mechanistic studies. The NTP’s Office of Health Assessment and Translation
(OHAT) established an approach for systematic review and evidence
integration for conducting health assessments that begins with problem
formulation and development of a project-specific protocol to guide
the process of identifying, evaluating, and integrating the evidence to
answer a specific research question. This presentation will illustrate the
application of the OHAT approach to determine whether exposure to
PFOA is associated with immunotoxicity for humans based on integration of the evidence from human and non-human animal studies with
consideration of mechanistic data. Draft conclusions will be presented
that PFOA is presumed to be an immune hazard to humans based on
two separate lines of evidence representing the strongest data. The
evidence indicating that PFOA affects multiple aspects of the immune
system supports the overall conclusion that PFOA alters immune function in humans. The presentation will highlight the transparency and
increased rigor in the systematic review process from peer-review and
posting of the protocol to on-line access for key study results and individual study quality or risk of bias ratings.

1582 Advancing Understanding of Cramer

Classification with Adverse Outcome Pathway
(AOP)

K. Li. Amgen, Thousand Oaks, CA.
Plastic components are commonly used in the manufacture of medical
devices and combination products. The chemical characterization and
the toxicological risk assessment of the extractable and leachable (E&L)
impurities from these components provide the basis for safety evaluation with patient exposure. However, significant challenges remain
with the quality evaluation, particularly of combination products with
protein therapeutics in drug delivery devices. E&L impurities from the
plastic components may interact with certain biological products, thus
compromising the quality of these products (e.g. protein aggregates,
structural modification, PK/PD, efficacy, stability and immunological
properties). While the clinical significance may not become apparent
until after thorough pharmacovigilience investigations, we propose
the use of QSAR tools to predict the risk of E&L impurities interaction
with protein therapeutics. Toxtree will be used to illustrate the principles of Cramer classification to identify the reactive functional groups
for confirmed or tentative chemical structures reported as E&L impurities. Consistent with the Adverse Outcome Pathway (AOP), interaction of a reactive chemical resulting in covalent binding with protein
is the molecular initiating event leading to toxicity. This presentation
will attempt to show how safety and quality evaluations can be bridged
through the principles of Cramer classification in relation to AOP.

1583 Modernizing Toxicological Risk Assessment for
Medical Devices Using ISO 10993 Standards

R. Brown. US FDA, Silver Spring, MD.
The ISO 10993-1:2009 standard provides a framework for the biological
evaluation of medical devices. The approach outlined in the standard
places increased emphasis on the use of chemical characterization and
toxicological risk assessment for the evaluation of some biological endpoints (e.g., systemic toxicity, carcinogenicity) compared to the use of
use a more traditional approach involving testing of the device or an
extract of the device in experimental animals. A practical limitation of
the implementation of this approach is the lack of toxicity data for many
of the compounds released from device materials. This presentation will
explore the use of computational tools, such as QSAR models and Read
Across, to predict the toxicity of compounds lacking experimentally
derived toxicity data and the use of these predicted toxicity values in
the biocompatibility evaluation of the device. In addition, the presentation will explore the development of Threshold of Toxicological Concern
(TTC) values for compounds released from devices and methods for the
extrapolation of doses from oral and inhalation toxicity studies to doses
that produce an equitoxic response following patient exposure by parenteral routes that may be more relevant for medical devices and combination products.

1584 The Development of a Risk Evaluation Matrix

for Polymeric Materials and Components Used
in the Manufacture of Pharmaceuticals and
Biopharmaceuticals

M. Eakins. Eakins & Associates, East Windsor, NJ. Sponsor: A. Hood.
A new USP chapter <665> addresses the characterization of polymeric
materials and components used in the manufacture of pharmaceuticals
and biopharmaceuticals since characterization can serve as the basis for
selection and qualification. It is possible that substances in the components could leach into manufacturing solutions and accumulate in the
product. In this presentation, a semi-quantitative risk evaluation matrix
that can be used to determine the amount and rigor of component
material characterization and/or biological testing that may be necessary and appropriate to establish that the component is suitable for its
intended use. By considering key properties of the component materials, the biological environment, the contact conditions, and component processing, use of the risk evaluation matrix produces a risk score
whose magnitude reflects the risk that the component-related extractables or leachables will be sufficiently high to adversely affect patient
health. The magnitude of the risk score establishes the amount and rigor
of testing that is required to select and qualify the component, and such
testing can be broadly grouped into three categories: baseline assessment, general testing, and full testing (extractables profiling). Use of the
risk evaluation matrix allows a component manufacturer to determine
the type and amount of testing that should be performed to establish
the patient safety risk associated with its use.
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1585 Low-Dose Arsenic Disrupts Immune Response

Signaling in Human Primary Bronchial Epithelial
Cells

B. C. Goodale, and B. A. Stanton. Geisel School of Medicine at
Darmouth, Hanover, NH.
Arsenic exposure is a global health concern because of its multiple
adverse health effects, including lung disease. Arsenic in drinking
water is associated with adverse respiratory immune responses in US
populations, however, the mechanism by which environmentally-relevant levels of arsenic affect respiratory immune function is unknown.
Groundwater contains primarily inorganic arsenic (iAs), which is metabolized in vivo to organic arsenic species including monomethlyarsinous
acid (MMA), and dimethylarsinic acid (DMA). Foods such as rice and fruit
juices are additional sources of arsenic exposure, and can contain both
iAs and organic arsenic species. We cultured human bronchial epithelial
cells (HBECs) from 6 male and female donors at an air-liquid interface for
three weeks until polarized. Cells were then exposed basolaterally to 0,
5, 10 or 50 ppb of a mixture of arsenic species (50% DMA, 25 % MMA and
25% iAs), mimicking arsenic levels detected in human serum. Following
6 days of exposure to the arsenic mixture, we exposed the apical (airway)
side of the HBECs to Pseudomonas aeruginosa (Pa), a gram-negative
opportunistic bacterial pathogen. We then examined whole-genome
mRNA and microRNA expression in the HBECs to identify networks of
arsenic-responsive genes, and to determine whether arsenic-induced
changes in HBECs alter their ability to respond to a bacterial pathogen.
Neither exposure to the arsenic mixture (0-50 ppb total arsenic) nor Pa
increased cytotoxicity as detected by lactate dehydrogenase activity.
The lowest concentration of the arsenic mixture induced expression of
genes involved in xenobiotic metabolism. At higher concentrations (10
and 50 ppb) oxidative stress and inflammatory response genes were
also induced, and increased secretion of inflammatory cytokines was
observed. In contrast, antigen presentation genes were significantly
decreased in arsenic-exposed HBECs. Analysis of upstream regulators
predicted that NFE2L2 (nuclear factor, erythroid-like 2) and TGFB2
mediate these responses to arsenic. Increased secretion of inflammatory
cytokines, combined with reduced antigen presentation, may cause an
inappropriate response to bacterial pathogens in the lung, leading to
increased lung infection.
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1587 miRNAs as Common Regulators of the

Transforming Growth Factor (TGF)-β Pathway
in the Preeclamptic Placenta and CadmiumTreated Trophoblasts: Links between the
Environment, the Epigenome, and Preeclampsia

S. Brooks, E. Martin, L. Smeester, M. R. Grace, K. Boggess, and R.
Fry. University of North Carolina at Chapel Hill, Chapel Hill, NC.
Preeclampsia (PE), a condition traditionally categorized by high blood
pressure in pregnant women, affects between 5-8% of pregnancies
in the US and accounts for approximately 76,000 and 500,000 deaths
of women and fetuses worldwide, respectively. While the etiology is
unknown, poor placentation of the placenta due to aberrant signaling
of growth and angiogenic factors, such as the transforming growth
factor beta (TGF-β) pathway, has been postulated as causal factors of
PE. The toxic metal cadmium (Cd) has also been linked to placental
toxicity and increased risk of developing this disease. We set out to
investigate Cd-induced genomic reprogramming in the placenta that
may increase risk of developing PE. In this study, we used clinical and
in vitro analyses to examine Cd-driven epigenetic regulation of the
TGF-β pathway, a pathway important for regulating placental endometrial invasion. Similar to previous studies, genes within the TGF-β
pathway displayed increased expression with preeclamptic placentas.
Interestingly, miRNAs that target the TGF-β pathway were significantly
altered in preeclampsia, which were enhanced in association with Cd.
In addition, placental cells exposed to Cd displayed increased expression of TGF-β pathway-associated genes compared to untreated cells,
as well as substantial decreased expression of TGF-β pathway-targeting
miRNAs. Furthermore, placental cells treated with Cd exhibited a diminished migratory capability. After examining the relationship of TGF-β
targeting miRNAs to the target genes of interests in both clinical and in
vitro samples, several significant miRNA-mRNA relationships were identified, suggesting a role for miRNAs as mediators of the TGF-β pathway
in PE. Integrative analysis resulted in the identification of several TGF-β
targeting miRNAs that are Cd-responsive and common to preeclamptic
placentas and Cd-treated placental cells that have previously been
linked to PE, and these miRNAs may be used in the future for epigenetic reprogramming to repair cellular mobility. Investigating the underlying biology of preeclampsia and potential environmental influences
can provide further insight into placental molecular phenotypes that
increase risk of PE.

1586 Toxicogenomic Effects of Acute Arsenic Exposure

SOT 2017 Annual Meeting

in Rats

M. S. Madejczyk2, M. G. Permenter1, C. E. Baer1, W. E. Dennis2, V. A.
Trabosh2, and J. A. Lewis2. 1Excet, Inc., Fort Detrick, MD; and 2US
Army Center for Environmental Health Research, Fort Detrick, MD.
Arsenic (As) is a ubiquitous environmental and occupational hazard,
with civilian and military populations in some areas being exposed
through drinking water and the food supply. In order to better understand the mechanisms of acute As toxicity and to identify potential
biomarkers of exposure and/or effect, we orally exposed rats to three
concentrations (15, 22, and 31 mg/kg/day) of sodium arsenite (NaAsO2)
for one or five consecutive days. Arsenic dose-dependently accumulated in the liver and kidney at both time points, with a significantly
larger accumulation in the kidney (57.3 µg/g in kidney vs 33.1 µg/g in
liver after 5 days at the high dose). As exposure also dose-dependently
reduced body weight gain at both time points. In addition, we observed
a slightly increased incidence and severity of tubular hyperplasia and
necrosis in the kidney, as well as decreased serum phosphate and bicarbonate (HCO3-). Changes in kidney and liver gene expression from whole
tissues were examined using microarrays. Differentially expressed genes
with a fold-change greater than 1.8, in either direction, and an FDR of
0.05 were identified by ANOVA. We identified 232 and 1146 differentially expressed genes in the kidney and liver, respectively, from animals
exposed for 5 days at the high dose. Functional and pathway enrichment
analyses associated the differential expression with renal and hepatic
injury, oxidative stress, cholesterol metabolism, and RXR-mediated transcription. This study provides further insight into the mechanism of As
toxicity and provides a basis for biomarker identification. Research was
conducted in compliance with the Animal Welfare Act, and all other Federal
requirements. The views expressed are those of the authors and do not constitute endorsement by the US Army.

1588 Toxicokinetic Study on Retinoic Acid in a MultiOrgan Chip Comprising Epiderm Skin Models
and Liver Organoids

I. Maschmeyer2, T. Rings1, J. Hübner2, S. Gerlach1, A. Schepky1,
U. Marx2, and J. Kühnl1. 1Beiersdorf AG, Hamburg, Germany; and
2TissUse GmbH, Berlin, Germany.
The understanding of the bioavailability and metabolism of a chemical, either locally or systemically, is a key aspect in safety assessment.
For european cosmetics industry, the current lack of in vitro assays for
repeated subacute toxicity is a bottleneck for innovation, since safety
assessment relies exclusively on alternatives to animal approaches.
Dynamic organ-on-chip cell culture technologies are expected to
provide future in vitro testing options. We aimed to evaluate the ability
of TissUse´s two-organ-chip technology to provide relevant information on compound metabolism and effects on gene expression after
repeated, long-term, dosing regimens. To this end, we performed a case
study with all-trans retinoic acid (ATRA) in an integrated system comprising EpiDerm skin models and 3D liver organoids. Gene Expression
data and mass spectromety analyses show that I) repeated topical application is feasible for seven days. II) Topical application onto the skin
model partially emulates the in vivo time course of ATRA bioavailability
III) Timing and extent of gene induction in liver organoids are affected
by the route of application. IV) ATRA exposure alters the expression of
genes pertaining to ATRA metabolism, being potentially involved in the
observed stabilization of ATRA concentration after repeated application.
V) Repeated application results in elevated concentrations of phase I
and phase II ATRA metabolites and an altered metabolite profile, the
latter revealing the potential to induce (and to identify) new detox/
metabolic options in the chip. VI) ATRA exposure results in a decreased
albumin concentration and an increase in LDH release over a time course
of seven days, reflecting adverse effects on functionality and viability of
tissues. Hence, multi-organ-chip-based toxicokinetic approaches may
add relevant information to safety assessment of chemicals.

1589 High-Dimensional Toxicological Assessment of

Chemical Exposure on Physiologically Relevant
3D In Vitro Models

S. C. Ramaiahgari, S. Waidyanatha, D. Dixon, M. J. DeVito, R. S.
Paules, and S. S. Ferguson. NIEHS, Durham, NC.
Current high-throughput in vitro assays employ two-dimensional (2D)
tissue culture models that poorly predict xenobiotic exposure effects on
humans. This is principally due to the poor differentiation status resulting
in aberrant xenobiotic metabolism and cellular response. To overcome
this, three-dimensional (3D) cell culture models are being developed that
mimic and maintain biochemical aspects of a tissue to a higher extent
than two-dimensional monolayer cultures. We have developed three-dimensional models of HepaRG cell line and primary human hepatocytes
to compare their sensitivity/specificity and signaling pathways that are
altered upon xenobiotic exposure. Primary human hepatocytes (PHHs)
are considered the ‘gold standard’ for xenobiotic metabolism studies,
but they have limited longevity in culture and exhibit substantial donor
specific variability. Primary human hepatocytes cultured as spheroids
could be maintained for extended periods in culture whilst maintaining
their functionality. HepaRG, a bi-potent progenitor cell line, when cultured as three-dimensional spheroids show several hallmarks of polarized hepatocytes with distinct apico-basal domains and their functions.
Assessment of xenobiotic metabolism competence with clinical substrates of CYP1A2, CYP2B6 and CYP3A4 produced robust levels of liver
enzymes that are within the ranges produced in PHH suspensions and a
2 to 20-fold higher than median activities observed with 2D cultures of
PHHs. Spheroid size, time in culture and culture media were important
factors affecting basal xenobiotic metabolism and inducibility with activators of hepatic nuclear receptors AhR, CAR and PXR. Repeated exposure studies showed differential sensitivity in identifying compounds
that cause metabolism-dependent liver injury. High throughput transcriptome analysis using Tox21 human sentinel 1500+ genes that reflect
whole-genome transcriptome was applied on these spheroid models to
understand the molecular mechanisms associated with adverse events.
These assays are implemented in a 384-well format for low cost and
potential high throughput screening assays.

1591 Comparison of Toxicological and Transcriptional
Pathway Point of Departure Responses for Five
Chemicals across Multiple Alternative Animal
Model Species

E. Perkins, L. Burgoon, K. Donohue, N. Garcia-Reyero, and M.
Wilbanks. US Army ERDC, Vicksburg, MS.
Many efforts are underway to replace animal testing with in vitro assays
or alternative animal models. To better understand how different species
can be used to predict chemical effect in humans we examined conservation of toxicological responses across human cells, C. elegans, Daphnia
magna, and zebrafish embryos to chemicals known to impact specific
targets including retinol metabolism (flusilazole), GABAa receptor [hexahydro-1,3,5-trinitro-s-triazine (RDX)], an endocrine disruptor (bisphenol
A), a thyroid disrupter (perfluorooctanesulfonic acid), and a liver and
hemoglobin toxicant [2,4,6-trinitrotoluene (TNT)]. Human stem cell
derived Liver cells, were exposed for 24 hrs to a range of chemical concentrations, synchronized stage L3 C. elegans were exposed for 24 hr,
48h old D. magna were exposed in aqueous media for 48h, and 6 hr post
fertilization zebrafish embryos exposed for 96hr. Mortality, morphological, and behavioral endpoints were monitored where applicable.
We also examined changes in transcriptomes in response to chemical
exposure in each species. Using transcriptomic data, we identified dose
responsive pathways consistent with modes of action pathways and
Adverse Outcome Pathways (AOP) known to be associated with each
chemical. We then developed points of departure representing genes
in those pathways to compare conservation of genes and pathways to
toxicological responses across species. In general, pathway based point
of departures occurred at lower concentrations than apical effects in
all species. Across species, both pathways and toxicological sensitivity
were more highly conserved within phylogenetically close alternative
animal models. The data suggests that using transcriptional pathway
based approaches can inform applicability and extrapolation of toxicological data from one species to another, thereby supporting better
development of alternative animal testing models.

1592 Quantification of the Uncertainties in
and High-Throughput Transcriptomics with
112 Compounds to Model Human Liver and
Characterize Compound-Induced BiologicalResponse “Space”

S. Ferguson, S. Ramaiahgari, J. Rice, P. Dunlap, S. Smith-Roe, K.
Witt, S. Auerbach, A. Merrick, M. DeVito, and R. Paules. NIEHS/
NIH, Research Triangle Park, NC.
The Tox21 Program has screened thousands of chemicals for their
potential to modulate individual molecular targets and cellular pathways (i.e., nuclear receptors, cellular stress). However, to date these
screens have largely employed de-differentiated cancer cell models that
poorly reflect tissue architectures/functionality, lack integrated pathway
responses to xenobiotic exposure, and are considered deficient in xenobiotic metabolism competence. As part of Phase III of Tox21, we are
developing new approaches to investigate chemical toxicity potential
in humans. Initial efforts have focused on developing organotypic two
dimensional (2D) and three dimensional (3D) in vitro liver screening
models and high throughput transcriptomics (HTT) assays (panel of
2800 transcripts, S1500+). In this presentation we describe an evaluation of 3 cell culture configurations of HepaRG cells (i.e., our novel 384well 3D HepaRG spheroids model with physiologically-relevant levels
of drug metabolism activity and tissue-like architecture) with a panel
of 24 compounds (extended to a set of 112 including: acetaminophen,
benzo(a)pyrene, aflatoxin B1, cyclophosphamide) selected to probe the
predictive utility of these models including: metabolically-activated toxicity, drug-induced liver injury (i.e., ‘case study’ liver injury drug analogues with highly varied clinical outcomes), nuclear receptor activation,
genotoxicity, neonatal metabolism sensitivities, and compounds that to
date have been ‘negative’ in existing Tox21 assay approaches lacking
xenobiotic metabolism competence. Our results demonstrate the effectiveness of the HTT platform to generate high quality gene expression
data in high throughput across these 3 HepaRG models and identified
profound differences in baseline transcript levels and compound-responsiveness (2D vs. 3D). The approach was effective in discriminating
liver injury compounds and the impact of 3D culture configuration on
metabolically-associated compound exposures. The approach, coupled
with quantitative in vitro to in vivo extrapolation, provides a data-rich
and cost effective platform to survey and predict chemical-biological-response interactions and human hepatic toxicity potential.

Extrapolating from In Vitro AR Antagonism
to Key Events in In Vivo Screening Assays and
Adverse Reproductive Effects in F1 Male Rats

L. E. Gray. US EPA, Research Triangle Park, NC.
There are multiple molecular initiating events (MIEs) that disrupt male
sexual differentiation including AR antagonism and inhibition of synthesis, and metabolism of fetal testosterone. Pesticides like vinclozolin
that act as AR antagonists and phthalate esters that inhibit fetal testosterone synthesis and alter testis gene expression, both reduce anogenital distance (AGD) and induce some common reproductive tract
malformations in F1 male rat offspring. We are developing a network of
adverse outcome pathways (AOPs) that includes multiple MIEs and key
events linking anti-AR activities to permanent reproductive abnormalities. Here, our objective was to determine how precisely the EC50s from
AR antagonism (the MIE) in vitro or ED50s from the in vivo Hershberger
Assay (HA; reduced tissue growth key event) predict the ED50s for
reduced anogenital distance (AGD) in male rats after in utero exposure
to AR antagonists. This effort included studies from the last 60 years on
the effects of AR antagonists in the HA and on AGD in male rat offspring.
HA studies using castrate-, androgen-, stimulated- immature male rats
that were dosed orally for 7 to 10 days, as well as developmental studies
with oral exposure during sexual differentiation followed by a postnatal
assessment of AGD and other effects were selected. The ED50s from the
in vivo assays and the in vitro EC50s for AR antagonism were compared
using regression models to determine the goodness-of fit and prediction intervals. In total, 250 studies were included in the analysis, comprising 58 chemicals with data from at least two of the three assays. As
reported in the literature, the ability to predict potency for key events
and adverse developmental effects from the in vitro MIE displays considerable uncertainty with R2 values from in vitro to HA or AGD of about
25% and 5%, respectively. While some discrepancies can be explained
by differences in ADME or non-AR MIEs, the lack of in vivo activity of a
number of chemicals, active in vitro, is unclear. In contrast, there is less
uncertainty in extrapolating from the HA to the in utero effects on AGD
(R2 of about 90%). In summary, these results suggest that the key events
in the HA can be extrapolated with reasonable certainty to predict
the ED50s for the effect of antiandrogenic chemicals on AGD. Ongoing
efforts are adding additional key events and adverse outcomes to the
analysis. This abstract does not reflect US EPA policy.
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1590 Organotypic HepaRG Cultures (384-well)

1593 Difference in Susceptibility to Testicular Change
Induced by Phosphatidylinositol 3-Kinase
Delta Specific Inhibitor between the Rat and
Cynomolgus Monkey

K. Ishida, M. Lafleur, S. Wannberg, J. Werner, J. Wisler, J. Bussiere,
and T. Monticello. Amgen, Thousand Oaks, CA.
Background: Phosphatidylinositol 3-kinase (PI3K) delta is a lipid kinase
that functions in a key proximal role of multiple cell surface transduction receptors to regulate intracellular signaling events. PI3K delta is primarily found in leukocytes, and regulates important cell functions such
as growth, differentiation, cell death/survival, adhesion, mobility and
migration. Here we report unique characteristics of testicular changes
induced by a PI3K delta specific inhibitor, AMG2519493, in the rat
and cynomolgus monkey. Results: Testicular changes were observed
microscopically in a 1- and 3-month AMG2519493 rat and cynomolgus
monkey repeat-dose toxicology study. In the rat, testicular changes
characterized by a reversible decrease in spermatogenic germ cells were
observed only at the high dose, at which the drug selectivity for PI3K
delta over PI3K beta was diminished and the PI3K beta isoform was also
inhibited. Similar reversible changes were observed in the cynomolgus
monkey across doses including a therapeutic dose associated with low
and presumably delta-selective exposure. The primary target was considered to be late stage spermatogonia, and in the cynomolgus monkey
at higher dose levels, also involved later stage germ cells up to sperm.
No other testicular changes were observed. The severity of these testicular changes in the rat and cynomolgus monkey did not change with
increase duration of treatment (ie, 3-month changes similar in severity
to those from the 1-month study). In addition, in vitro experiments using
spermatogonia isolated from rats were conducted with various PI3K
inhibitors (with different isoform specificities) for measurement of stem
cell factor (SCF)-stimulated Akt phosphorylation, a key downstream substrate of the SCF/c-kit/PI3K signaling axis critical for spermatogenesis.
The in vitro rat spermatogonia assay indicated inhibition of PI3K beta
isoform but not delta correlated with inhibition of Akt phosphorylation.
Conclusion: PI3K delta specific inhibitor-induced testicular change is
considered to be classified into reversible spermatogenesis maturation
arrest attributed to inhibition of SCF/c-kit/PI3K/Akt signaling pathway.
PI3K beta isoform is considered to play a key role for rodent spermatogenesis maturation; in contrast, PI3K delta may be highly involved in this
pathway in the cynomolgus monkey.
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1594 Accumulation of p-Alkyl-Benzoyl Coenzyme

A Esters of Rat Testicular Toxicants in
Hepatocytes–Application to the Design of a Safe
New Fragrance Ingredient

H. Laue2, G. Adamson3, G. Ellis1, and A. Natsch2. 1Givaudan
International SA, Vernier, Switzerland; 2Givaudan Schweiz AG,
Duebendorf, Switzerland; and 3Givaudan US, Ridgedale, NJ.
Several aromatic aldehydes such as 2-methyl-(4-tert-Butylbenzyl)propionaldehyde were shown to affect the reproductive system in male rats
at a daily oral gavage dose of 25 - 50 mg/kg body weight and higher.
It was hypothesized, that these aldehydes are transformed to benzoic
acid metabolites such as p-tert-butyl benzoic acid as key toxic principle.
Based on indirect evidence it had been postulated, that CoA-esters may
be formed from these acids. Here we performed a detailed SAR study on
the formation of benzoic acid metabolites from p-alkyl-phenyl-propanals
and related compounds by rat hepatocytes in suspension. Intracellular
formation of CoA-esters from either p-alkyl-phenyl-propanals directly or
from their benzoic acid metabolites was then further assessed in plated
rat hepatocytes using high-resolution LC-MS. Compounds metabolized
to p-alkyl-benzoic acids led to accumulation of high and stable levels of
p-alkyl-benzoyl-CoA-esters in plated hepatocytes, whereas CoA esters
of other xenobiotic acids were only transiently formed in this in vitro
system. These p-alkyl-benzoyl CoA-esters became the dominant form
of CoA in exposed cells and suppressed the formation of octanoyl-CoA,
a key intermediate in peroxisomal fatty acid metabolism. Similar accumulation of CoA-esters from p-alkyl-benzoic acids was also shown in rat
liver S9 fractions. A number of fragrance aldehydes leading to this metabolic outcome are reported as male reprotoxicants in the rat following
oral gavage dosing. Accumulation of stable alkyl-benzoyl-CoA-esters
may affect male reproduction as molecular initiating event, affecting a
CoA-dependent process required for spermatogenesis. Based on this
hypothesis, new derivatives of p-alkyl-phenyl-propanals were screened
for the lack of formation of benzoic acid metabolites and lack of accumulation of the corresponding CoA-esters. Metabolism to benzoic acids
was completely blocked for derivatives with an o-methyl substituent. No
CoA-ester formation of the corresponding benzoic acid derivatives was
detected for these compounds in plated hepatocytes. One derivative,
3-(4-isobutyl-2-methylphenyl)propanal, was then further tested in a rat
28 days study and lacked testicular toxicity as predicted based on the in
vitro data.

1595 Mono-(2-ethylhexyl) phthalate and All-

Trans Retinoic Acid Interactions Modulate
Development of Rat Fetal Testis In Vitro

D. J. Spade1, J. D. Wortzel1, S. J. Hall1, G. L. Reyes Chavez2, and K.
Boekelheide1. 1Brown University, Providence, RI; and 2College of
Mount Saint Vincent, Riverdale, NY.
Some phthalate esters (phthalates), including mono-(2-ethylhexyl)
phthalate (MEHP), disrupt the development of the fetal testis in humans,
mice, and rats. Phthalates have a strong anti-androgenic effect on the
rat fetal testis. However, they disrupt fetal testicular germ cells and seminiferous cord morphogenesis even in the absence of an anti-androgenic effect, suggesting multiple mechanisms are responsible for the
fetal testis toxicity of phthalates. Exposure of the fetal testis to exogenous retinoic acid in vitro also causes disrupted seminiferous cord organization and germ cell death. Phthalates bind peroxisome proliferator
activated receptors (PPARs), which can engage in crosstalk with retinoic acid receptors (RARs). Therefore, we hypothesized that phthalates
disrupt seminiferous cord development by interfering with RAR signaling. Gestational day 15 Sprague-Dawley rat testes were exposed in
vitro to 10-6 M all-trans retinoic acid (ATRA), 10-4 M MEHP, a coexposure
(10-4 M MEHP + 10-6 M ATRA), or 1:4000 DMSO vehicle, and collected
after 1 to 3 d for real-time RT-PCR, histology, and immunohistochemistry
(IHC). ATRA-exposed testes showed a lack of seminiferous cord development including regions with abnormal distribution of smooth muscle
actin and anti-Müllerian hormone-positive cells, while MEHP and co-exposure treatments had significantly more defined seminiferous cord
structure. The co-exposure caused a significant increase in germ cell
death, measured by cleaved caspase-3 IHC. The co-exposure also caused
additive changes in gene expression compared to MEHP or ATRA alone,
including significant up-regulation of the RAR target retinol binding
protein 1 and down-regulation of steroidogenesis-related genes known
to be suppressed by phthalates, such as Cyp11a1 and Star. Therefore,
phthalates have the ability to influence RAR signaling in whole testis in
vitro. These data support the hypothesis that crosstalk between PPAR
and RAR signaling is a mechanism for phthalate effects on fetal testis
development.

1596 Effects of Bisphenol Analogs on Reproductive
Functions in Mice

M. Shi, J. Maclean II, N. Sekulovski, A. Piya, and K. Hayashi. Southern
Illinois University, Carbondale, IL. Sponsor: K. Hayashi.
BPA has been well-known as one of the hazardous endocrine-disrupting chemicals that affects development and function of the reproductive system and causes acute and long-term fertility problems. Due
to its toxic effects in human, structurally similar analogs such as BPS
have been used as alternatives for BPA based on thermal, optical and
mechanical properties. However, recent evidence suggests that BPS
induces alterations in embryonic nervous and endocrine systems. A few
reproductive studies indicate anti-androgenic effects of BPA analogs (i.e.
BPS) similar to those of BPA. In this study, we examined whether BPA
analogs (BPS and BPE) cause negative impact on reproductive functions
using mice as a model. CD-1 mice were exposed to control (corn oil),
BPS, BPE and BPA (as a positive control) at two different time points: 1)
birth to postnatal day (PND) 60 by s.c. injection every three days, or 2)
gestational day 11-birth to pregnant females orally once a day. Then,
males from both postnatal and fetal studies were euthanized on PND
60, and sperm counts and motility were examined immediately from
the caudal epididymis. We observed significantly reduced sperm counts
after postnatal exposure of BPS and BPA at doses of 50 µg/kg bw and 10
mg/kg bw and BPE at a dose of 10 mg/kg bw. Sperm motility was also
significantly decreased by postnatally treated BPA and BPS at a dose of
10 mg/kg bw. Similarly, fetal exposure to BPS and BPA at doses of both
0.5 and 20 µg/kg bw reduced sperm counts. Sperm motility was also
decreased by 0.5 µg/kg bw fetal exposure of BPS. While postnatal and
fetal exposure of BPA reduced testicular weights, BPS and BPE did not
consistently affect testis mass. Furthermore, exposure of BPS and BPA
disrupts the progression of germ cell development, as morphometric
analyses exhibited an abnormal distribution of the 12 stages of spermatogenesis. In females, postnatal BPE (10 mg/kg bw) and BPA (50 µg/
kg bw and 10 mg/kg bw) exposure accelerated the onset of puberty.
Fetal exposure of BPS and BPA at a dose of 0.5 µg/kg bw altered estrous
cyclicity. These results suggest that BPA analogs (BPS and BPE), especially BPS, disrupt male and female reproductive functions.

Testis Exposure to Fluoride

M. Huo2,3,, H. Han2, Z. Sun2, Z. Lu2, X. Yao2, S. Wang1, and J. Wang2.
1China Agriculture University, Beijing, China; 2Shanxi Agriculture
University, Jinzhong, China; and 3University of Georgia, Athens,
GA. Sponsor: X. Yu.
To study the effect of fluoride on gene expression during spermatogenesis, high-throughput cDNA sequencing technology was applied to
sequence RNA transcripts from the testicle for the first time. Healthy
adult male Kunming mice were randomly divided into Control group
with distilled water and Fluoride group with 100 mg /L sodium fluoride (NaF) in the drinking water. After 56 days, testes were isolated and
testicular total RNA of each mouse was extracted for RNA-Sequencing.
TopHat, Cufflinks and Ingenuity Pathway Analysis were used to analyze
the raw data from RNA-Sequencing, test for biological complexity of
the differentially expressed genes and find the main biological processes associated with the experimental system, respectively. Studies
showed that among the significant signaling pathways, IL-17 pathways
and three other related pathways highly expressed. There were four
different pathways related to tight junctions in the NaF-treated group,
and in particular epithelial adherens junction signaling was expressed
significantly. TGF-β signaling pathway et al. overexpressed in 100mg/L
NaF-treated group. Plenty of genes were significantly regulated in the
testicles, disrupting the process of the immune, reproductive signal
transduction, oxidative stress and cellular metabolism. The mRNA
expression of the genes related the IL-17 pathway and tight junctions,
were tested by QRT-PCR, and coincided with the result of RNA-Seq.
Therefore, conclusions were drawn: high expression of the IL-17 signal
pathway was the response to the invasion of the testicular immune
system due to extracellular fluoride; the PI3-kinase/AKT, MAPKs and
the cytokines in TGF-β family contributed to control the IL-17 pathway
activation and maintain the immune privilege and spermatogenesis;
high fluoride also had a direct bearing on the blood-testis barrier by
coordinating the opening and closing of the tight junctions, due to the
structure and function destruction of cell membranes, membrane proteins and other phosphokinase. All the findings provided new clues for
further studies of the molecular mechanism of fluorosis on the reproduction and immune response mechanism.

1598 Elucidating the Role of Zinc in Anti-Cancer

Drug-Induced Testicular and Epididymal
Pathophysiology: Involvement of SOD1, ARE/
MRE Pathways

K. P. Maremanda. National Institute of Pharmaceutical Education
and Research, Mohali, India.
Zinc (Zn), one of the most important trace elements in the body is
required for the maintenance of testicular health and physiology. Earlier
we reported that type-1 diabetes, anticancer drugs like cyclophosphamide altered the serum, testicular and sperm Zn levels and contributed
for the testicular toxicity. The current study was under taken to observe
the affects of methotrexate (MTX)-induced testicular and epididymal
damages. Further, to observe the role of Zn dependent mechanisms we
used diethyldithiocarbamate (DEDTC), SOD1 (Cu/Zn-dependent) inhibitor and Zn chelator in rats and LC-540 cells (rat leydig cell tumor). MTX
decreased the serum Zn levels and SOD1 levels as seen by activity gel
assay and protein expressions. Among the various pathways ARE/MRE
were studied and found that Nrf2 and downstream molecules of ARE
and MT of MRE were affected by these treatment in the testes. GPX4 and
GPX5 were also down regulated by MTX treatment and further exacerbated by DEDTC. Zn supplementation restored these levels in almost
all the cases with some of them recovered partially. Pro-inflammatory
and inflammatory markers were found to be elevated and were brought
back by Zn supplementation. Some of the conditions observed under
drug treatment resembles with features of Zn deficiency-induced germ
cell damage. So further studies are warranted to explore the beneficial
role of Zn supplementation and its potential applications in the area of
fertility as well as reproduction.

1599 Cardiopulmonary Consequences of Gestational
Toxicant Exposure: Getting to the Heart of the
Matter

L. K. Rogers. Ohio State University, Columbus, OH.
Xenobiotic exposures affect the maternal and/or in utero environment
resulting in impairments in fetal development. During the period of
rapid fetal growth, underdeveloped cardiovascular systems are especially vulnerable to their environment. Furthermore, fetal exposures can
evoke changes in epigenetic signatures that result in permanent modifications in gene expression. This symposium will focus on the intersection
between maternal and fetal exposure and the developing cardiovascular system. Speakers will provide data from three common exposures:
nanomaterials; particulate matter or air pollution (PM 2.5); and nicotine.
The current findings related to susceptible gestational windows for cardiovascular development and epigenetic, transcriptomic, and toxicokinetics changes in vascular physiology and cardiac function will be presented. The impact of these exposures is of major concern for regulatory
agencies, as the developing fetus is more susceptible to environmental
or personal exposures than are adults. In response to these concerns,
new concepts in predictive modeling and risk assessment associated
with fetal exposures will be presented as future avenues of research
within developmental toxicology. Finally, current applications using the
adverse outcome pathway framework (ToxCast library) for risk assessment in embryonic vascular disruption and developmental defects
will be presented. The topics discussed will provide the state of the art
information on effects of maternal toxicant exposure on cardiovascular
deficits in the offspring which are of concern to clinicians and basic scientists, as well as government and pharmaceutical regulatory agencies.
In summary, this symposium seeks to address the significant threats to
cardiovascular health that are associated with fetal/perinatal exposures,
and offer new insights into the predictive, mechanistic, and risk assessment strategies in developmental toxicology.

1600 Altered Maternal and Placental Vascular

Responses following Acute Nanomaterial
Administration

C. J. Wingard. Brody School of Medicine at East Carolina
University, Greenville, NC.
Nanomaterials (NM) are increasingly developed and utilized in consumer and biomedical applications. As a result, there is an ongoing
discussion as to the potential of their physical-chemical characteristics
impacting biological outcomes. Pregnancy and lactation are physiological conditions that increase the susceptibility of mothers and their
offspring to the effects of nanoparticles. We hypothesize that changes
in the vasculature induced by nanomaterial exposure can led to alterations in blood flow to organs and distribution of nanomaterials to the
organs of the mother, fetus, and neonates. We examined impact of gestational exposure to fullerene C60, multi-walled carbon nanotubes, and
forms of nanosilver (AgNP) on tissue distribution, cytokine generation,
and vascular function. Maternal and fetal outcomes will be discussed
in terms of how route of administration can result in widely differing
tissue nanoparticle distribution dependent on life stage and nanomaterial. Examples will contrast rapid clearance for AgNPs, compared
with long persistence for C60. The contrasting cardiovascular effects on
non-pregnant and pregnant females, 1 day and 7 day post exposure, will
be presented, demonstrating vascular segment sensitivity to particle
size and capping agent effects linked to mechanisms that alter vasoreactive sensitivity. Results suggest there is a correlation with the extent
of endothelial dysfunction and smooth contraction that is related to
the form of the nanomaterial administered and the stage of pregnancy
which impact fetal growth outcomes. The evidence suggests that exposure to particular forms of nanomaterials can manifest in gender and life
stage vulnerabilities.

1601 Alterations in the Cardiovascular Epigenome
after Prenatal Engineered Nanomaterial
Exposures

T. R. Nurkiewicz. West Virginia University, Morgantown, WV.
Engineered nanomaterials (ENM) are firmly established in diverse
human activities from foods and cosmetics, to surface coatings and biomedical applications. The breath of these activities increases the potential for inadvertent ENM exposures that may result from intentional or
unintentional introduction to the body. We and others have consistently
reported that such exposures (typically via the lung) negatively impact
cardiovascular development and function through both direct and indirect mechanisms. Despite major Federal efforts to correct gender-based
disparities in all areas of biomedical research, the impact of maternal
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1597 A RNA Deep Sequencing Analysis of the Mice

ENM exposure during gestation remains poorly studied. Over the past
three years of rat-based studies, we have reported that maternal ENM
inhalation (nano-titanium dioxide, count mode aerodynamic diameter
~150 nm, 10-12 mg/m3, 4-5 hrs/day) during pregnancy (days 6-20) not
only impairs uterine microvascular function, but also creates a hostile
gestational environment that manifests as fetal mitochondrial and cardiovascular dysfunction that persists into adulthood. These apoptotic
and hypertrophic events result in dysregulation in the fetal transcriptome and epigenome and influence cardiovascular health, and toxicant
susceptibility.

1602 Fetal Cardiac Function and Related Heath

Parameters Are Altered by Maternal Exposure
to Ambient Particulate Matter during Specific
Gestational Exposure Windows in a Mouse
Model

J. T. Zelikoff. New York University School of Medicine, Tuxedo, NY.
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Epidemiologic research shows a causal link between exposure to finesized ambient particulate matter (PM2.5) and cardiovascular disease in
adults. However, effects of inhaled PM2.5 during pregnancy on fetal
cardiovascular parameters are relatively unknown. To examine whether
maternal exposure to inhaled PM during pregnancy alters cardiac function and/or parameters associated with cardiac dysfunction and fetal/
postnatal growth, timed-pregnant B6C3F1 mice were exposed (6hr/d)
to either filtered air (FA; 4 µg/m3) or concentrated ambient PM (CAPs;
113µg/m3) collected from Tuxedo, NY. Mice were exposed either
throughout gestation (GD 0.5-16.5) or only during fetal organogenesis,
particularly that gestational window associated with cardiac development (GD6.5-14.5). Fetal crown-to-rump length (CRL), shortened length
is linked with later life cardiovascular disease. Cardiac fractional area
change (FAC), intra-cardiac, and umbilical cord Doppler waveforms,
were measured by ultrasound-biomicroscopy (UBM) on GD 12.5. Dams
exposed throughout gestation were euthanized on GD17.5, CRL was
measured and placentas were collected for stereology; at PND21 offspring BW was assessed and hearts collected for stereology. Building
on data that revealed PM-induced decreases in fetal FAC and CRL on
GD12.5 and reduced offspring BW on GD17.5 and PND21, more recent
studies demonstrate that maternal CAPs exposure (compared to Filtered
Air controls): prolongs fetal isovolumic contraction time; decreases
umbilical artery peak velocity; and alters labyrinth zone morphology of
GD17.5 placentas. Cardiac dysfunction observed in the fetus persisted
until 3-wk-of-age and at post-natal day 21 cardiac stereology revealed
a 12% increase in left ventricle volume fraction, a 38% decrease in left
atrium total volume and a 30% increase in cardiomyocyte volume in
CAPs-exposed offspring compared to control. This study suggests that
some cardiac pathologies linked with PM exposure in adults may begin
in utero and that effects on cardiac function and related fetal/placental
parameters are dependent upon the gestational window of PM exposure.

1603 Cardiovascular Risk Factors following Fetal and
Neonatal Exposure to Nicotine

A. Holloway. McMaster University, Hamilton, ON, Canada. Sponsor:
L. Rogers.
Maternal smoking is a risk factor for cardio-metabolic disturbances in
the offspring. For many women, nicotine addiction remains a significant
barrier to smoking cessation. Clinical practice guidelines suggest that
nicotine replacement therapy (NRT) may be beneficial for women who
cannot quit smoking by other means. However, the long-term cardiovascular health implications of nicotine exposure during early life remain
poorly understood. The goal of this study was to examine the consequences of fetal and neonatal exposure to nicotine on cardiovascular
risk factors. Dams were exposed to nicotine (1mg/kg/d) or vehicle from 2
weeks prior to mating until weaning; cardio-metabolic outcomes (blood
pressure) and CV risk factors (adiposity, dyslipidemia and insulin resistance) were evaluated in the offspring from birth to adulthood. Nicotine
exposed offspring had significantly higher blood pressure in association
with increases in adiposity, hypertriglyceridemia, and insulin resistance.
Molecular analyses have identified that the observed nicotine-induced
dyslipidemia results from a combination of adipose tissue dysfunction
and increased de novo hepatic lipid synthesis. Importantly, nicotine
alters the epigenetic regulation of the Liver X Receptor (LXRa), a nuclear
receptor that increases the expression of critical enzymes (i.e. FAS, ACCa)
involved in triglyceride synthesis. Taken together these results suggest
that maternal nicotine exposure may have long-lasting impacts on the
cardiovascular health of the offspring, and that further long-term follow
up studies in children who were exposed to NRT during pregnancy are
warranted.

1604 Advancements in Cardiopulmonary Toxicology

and Developmental Risk Assessment for Product
Safety Assessment

R. J. Rasoulpour. Dow AgroSciences, Indianapolis, IN.
Recent advancements in approaches to toxicity testing for product
safety assessment, driven by new tools and technologies, have opened
the door to increase our knowledge and understanding of potential toxicities, while also placing them into meaningful contexts for
risk assessment. This presentation will cover advancements in rat and
rabbit developmental toxicity studies, including incorporation of high
content toxicokinetics and transcriptomics, that are supplemented with
focused in vitro and ex vivo studies to differentiate animal-specific versus
human-relevant effects. Specific case studies in the assessment of cardiopulmonary developmental toxicity will be discussed, with particular
attention to developing integrated testing programs that address dose
response, metabolism, potency, and mechanisms across species and life
stages. Finally, the opportunities for future alternative model development will be highlighted with an eye to recommendations for developing impactful data for risk assessment in cardiovascular health.

1605 Adverse Outcome Pathway (AOP) Framework
for Embryonic Vascular Disruption and
Developmental Defects

T. B. Knudsen. US EPA, Research Triangle Park, NC.
Vascular development commences with de novo assembly of a primary
capillary plexus (vasculogenesis), followed by its expansion (angiogenesis) and maturation (angio-adaptation) into a hierarchical system of
arteries and veins. These processes are tightly regulated by genetic
signals and environmental factors linked to morphogenesis and microphysiology. Gestational exposure to some chemicals disrupts vascular
development leading to adverse outcomes. To broadly assess consequences of gestational toxicant exposure on vascular development, an
adverse outcome pathway (AOP) framework was constructed that integrates data from ToxCast high-throughput screening (HTS) assays with
pathway-level information from the literature and public databases. The
AOP-based model resolved the ToxCast library (1065 compounds) into a
matrix based on several dozen molecular functions critical for developmental angiogenesis. A sample of 38 ToxCast chemicals selected across
the matrix tested model performance. Putative vascular disrupting
chemical (pVDC) bioactivity was assessed by multiple laboratories
utilizing diverse angiogenesis assays, including: transgenic zebrafish;
complex human cell co-cultures; engineered microscale systems; and
human-synthetic models. The ToxCast pVDC signature predicted vascular disruption in a manner that was chemical-specific and assay-dependent. An AOP for developmental vascular toxicity was constructed
that focuses on inhibition of VEGF receptor (VEGFR2). This receptor tyrosine kinase is a master switch for angiogenic sprouting and expansion
when activated by VEGFA during early development and flow-sensing
angio-adaptation during later development; as such, the molecular initiating event (MIE) may be invoked by pre-receptor (VEGFA production)
or post-receptor (kinase activity) mechanisms. Key downstream events
include altered endothelial function (exploratory behavior, migration,
proliferation, apoptosis), leading to vascular insufficiency. This AOP is
currently under internal review by OECD-EAGMST for inclusion in the
AOP-Wiki [https://aopwiki.org/wiki/index.php/Aop:43]. In a regulatory
context, this AOP brings new concepts for assessing adverse outcomes
relevant to risk assessment and efficient use of resources for validation
through predictive models linking developmental toxicity to vascular
disruption. (This work does not reflect US EPA policy).

1606 Contribution of Gene Transcription to

Spontaneous Mutation and Genotoxic Outcomes

J. Klapacz. The Dow Chemical Company, Midland, MI.
All organisms sustain a certain number of background mutations as a
result of cellular processes or interactions with their environment. The
significant source of spontaneous mutation, arising from normal DNA
metabolism, is contributed by mispairing of bases during DNA replication. As DNA metabolic processes of transcription, replication, and repair
are not temporally separated, one process has the potential to influence
the occurrence and outcome of another. In fact, recent research in the
area of genetic instability has demonstrated that the process of gene
transcription alone can elevate DNA damage load and genetic modifications. Transcription unwinds DNA strands, potentially sensitizing
the untranscribed strand to react with endogenous and exogenous
agents. Thus, the understanding of background spontaneous mutation, including that arising from transcription, can be a critical aspect
of understanding point-of-departure metrics of DNA-reactive agents.

1607 Transcription-Associated Mutagenesis

Contributes to Background Gene Mutation

J.
and A. S. Bhagwat2. 1The Dow Chemical Company,
Midland, MI; and 2Wayne State University, Detroit, MI.
Klapacz1,

Significant background of pro-mutagenic DNA damage in cellular DNA
is the likely cause of the normal range of background mutations. Recent
work in model organisms, including bacteria, yeast, and human cells, has
demonstrated that high levels of transcription are associated with elevated mutation, and this phenomenon is called transcription-associated
mutagenesis (TAM). Gene transcription, a major DNA metabolic process,
unwinds the two DNA strands, generating torsional stress, and sensitizing the untranscribed strand (NTS) to chemical reactions. A strand-related bias in mutation accumulation was first shown in Escherichia coli
for C-to-T mutations as a result of hydrolytic cytosine deamination to
uracil biased to NTS. Subsequently, other types of base substitutions
were also shown to accumulate as a result of high transcription levels.
In particular, mutational NTS bias was evident for spontaneous oxidative DNA damage (via 7,8-dihydro-8-oxo-guanine) by increasing rate of
G-to-T mutations when target G was in the NTS. Finally, NTS bias was
also demonstrated for damage generated by the prototypical methylating agent methylmethane sulfonate. Overall, such transcription-dependent genetic modifications would be significant for microorganisms
in which noncoding sequences are rare, but also for human genomes in
which majority of the genes are predicted to be transcriptionally active.

1608 Ames Assay Negative Carcinogens Cause DNA
Deletions Preferentially in Transcribed DNA

R. H. Schiestl. University of California Los Angeles, Los Angeles, CA.
The stability of DNA is related not only to its primary sequence, but also
is influenced by its level of transcription. Transcription of genes results
in an elevated level of genetic instability and mutagenesis. Genetic
instability is a hallmark of carcinogenesis. Cells from patients carrying
mutations conferring cancer prone phenotypes show a higher level of
genetic instability, including DNA deletions (DEL). Schiestl lab has constructed and validated different DEL Assays in yeast, human cells, and
in vivo mouse models. Based on our results, the yeast-based DEL Assay,
detecting 92% of known human carcinogens, is even more effective at
this identification than the gold standard, Ames Assay. We found that
the Ames negative carcinogens, that were weakly positive in our standard His reversion assay, are 10 fold more potent genotoxicants in the
DEL-XG Assay. Our novel transcription dependent dual-read out (for
genotoxicity and cytotoxicity) DEL-XG Assay in Saccharomyces cerevisiae
contains a lacZ gene sequence with a region of homology interrupted
by an auxotrophic gene that allows for white/blue colony screening and
the determination of the effect of target gene expression on genotoxicity. During a genotoxic event, the sequence is excised, and the lacZ
gene recombines to a functional beta-galactosidase genotype that, with
an addition of the X-Gal substrate, produces a strongly positive indigo
(blue) product. DEL-XG is a rapid and economical way to screen large
chemical libraries for toxicity and potential carcinogenicity properties.

1609 Proceed with Caution: Removal of TranscriptionAssociated Supercoils Can be Hazardous to
Genome Integrity

S. Jinks-Robertson. Duke University Medical Center, Durham, NC.
Sponsor: R. Schiestl.
High levels of transcription in budding yeast stimulate a wide variety
of mutation types that reflect multiple molecular mechanisms. The
most frequent class of mutations, however, is due to the activity
of Topoisomerase 1 (Top1), a type IB enzyme that can relax both the
positive and negative supercoils generated by transcription. Top1dependent mutations have a distinctive 2-5 bp deletion signature characterized by loss of a single unit of a tandem repeat. Individual deletion
hotspots have been transplanted into the context of a frameshift reversion assay, allowing each to be studied in isolation. This type of analysis
has revealed two distinct classes of Top1-dependent deletion hotspots
that are defined by the differential effects of RNase H2, an enzyme
that initiates the removal of ribonucleoside monophosphates (rNMP)
embedded in duplex DNA, or by expression of Top1-T722A, a mutant
form of Top1 that generates a stabilized cleavage intermediate. One
deletion class increases upon Top1-T722A expression, and is unaffected
by RNase H2 loss; this class is thought to reflect the processing of a covalently trapped Top1 cleavage complex. Experiments are in progress to
identify the relevant processing activities. The second deletion class
decreases when Top1-T722A is expressed and is greatly elevated in the
absence of RNase H2. We speculate that this class reflects two sequential
Top1 cleavage reactions, the first of which is at an rNMP, followed by
a single re-ligation reaction. Interestingly, rNMP-dependent deletions
only occur when Top1 cleaves the non-transcribed strand of DNA, and
the basis of this strand-specificity is under investigation. Finally, in the
absence of a 2-5 bp deletion hotspot, expression of the mutant Top1T722A protein generates deletions of several hundred base pairs that
have endpoints in short microhomologies. These large deletions require
the non-homologous end-joining pathway, and likely reflect the joining
of two Top1-generated double-strand breaks.

1610 Coordinated Action of RNA-Binding Factors

and Chromatin Remodeling to Prevent Genome
Instability

A. Aguillera, I. Salas-Armentero, D. Garcia Pichardo, M. L. GarcíaRubio, A. G. Rondón, and R. Luna. CABIMER-Universidad de Sevilla,
Seville, Spain. Sponsor: R. Schiestl.
Specific RNA processing factors have been shown to play a role in
transcription and RNA export as well as in preventing R-loop and transcription-associated genome instability. The first one identified with
this role was the yeast THO complex, a conserved factor working at the
interface between transcription and RNA export. However, other proteins directly or indirectly related with a function in RNA processing,
such as human SRSF2 and AQR or yeast Trf4 or Npl3 among others, also
prevent RNA-DNA hybrids. The working hypothesis suggests that in cells
defective in such factors, a suboptimal nascent mRNA-protein particle is
formed, enhancing the probability that the nascent RNA interacts with
the DNA. However, it is unclear how this mechanism occurs. To further
explore the mechanism by which RNA processing factors control gene
expression and genome integrity, we have searched for proteins that
physically interact with components of the THO complex. In addition,
we have determined the impact of altering the stoichiometry of relevant RNA-binding factors in cell proliferation and genome stability, such
as Yra1. Our work shows that the physical interaction and coordinated
action between specific mRNA binding factors involved in mRNP biogenesis and chromatin remodeling is required to maintain genome
integrity by preventing co-transcriptional R-loop formation.

1611 Incorporating In Vitro Reproductive and

Developmental Assays into Regulatory Risk
Assessment

S. C. Fitzpatrick. US FDA, College Park, MD.
Reproductive and developmental hazards are an important public
health risk. Toxicology testing plays a fundamental role in characterizing
these potential risks. However, most of the toxicology tools used for regulatory assessment of potential reproductive and developmental toxicants rely on high-dose animal studies and default extrapolation procedures and have remained relatively unchanged for decades, despite
the scientific revolutions of the past half century. New predictive models
are needed to gain a better understanding of reproductive and developmental toxicity mechanisms at multiple levels of biological organization,
including genes, proteins, pathways, and cell/organ function. Assessing
safety is particularly challenging in the reproductive/developmental
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Genetic instability also is a hallmark of carcinogenesis, and cells from
patients carrying mutations conferring cancer prone phenotypes show
a higher level of genetic instability. To better understand how transcription influences genetic instability, various researchers have constructed
and validated different genetic assays in model organisms, including,
bacteria, yeast, human culture cells, and even in in vivo mouse models,
to study the generality and occurrence of transcription-associated mutagenesis (TAM). Using the highly inducible promoter systems in model
organisms, it has been documented that high levels of transcription are
associated with elevated mutation and recombination rates. In the case
of TAM, the level of mutagenesis was shown to be directly proportional
to the level of transcription, and the direction of replication fork movement relative to that of RNA polymerase. Molecular mechanisms have
also been elucidated by which cells can solve transcription-replication
conflicts to prevent genome instability and will be discussed during the
symposium. The role of RNA-DNA hybrids in these conflicts, their role in
modulating chromatin structure, and epigenetic modifications also will
be addressed to explain how they can lead to chromosome breakage,
fragility, and contribute to background DNA damage levels and even
disease.

toxicology field due to the reproductive cycle’s complexity and unusually long time frame for testing. Several promising new in vitro assays
for reproductive and developmental endpoints have been developed
that could address important questions such as species-specific toxicity
and endocrine effects, while promising faster and more efficient toxicity testing with the use of less animals. Regulatory toxicologists must
decide how these methods can be used for regulatory assessment. This
workshop will be an opportunity for all stakeholders to discuss how to
gain confidence in the results of these new models for reproductive and
developmental testing. The workshop will discuss some new promising
in vitro models and proposals on how these new tests can be incorporated into regulatory risk assessment. A panel of the speakers and additional federal regulatory scientists will then review challenges presented
in the talks, and outline how to move forward to use these models in
regulatory assessments.

1612 A Review of In Vitro Developmental Toxicology

Assays and Potential Applications in Regulatory
Developmental Toxicology Testing

K. A. Augustine. Bristol-Myers Squibb Company, Pennington, NJ.
A substantial proportion of animals used in regulatory toxicology testing
support developmental toxicology studies. This has led to growing
interest in applying in vitro approaches to supplement/support regulatory testing as a means to reduce animal usage. This may eventually lead
to revisions in ICHS5 guidelines for developmental toxicology evaluation. Specifically, developmental toxicology assays (either individual or
as a battery) may be integrated into a testing paradigm that may supplement or defer in vivo regulatory testing. This presentation will review
three developmental toxicology assays under consideration as potential
alternative models, including rodent whole embryo culture, zebrafish
embryo assays, and embryonic stem cell assays. Progress on assay development and performance testing will be discussed in context of each
individual assay and when used in a tiered fashion or in combination.
Additionally, discussion on how the assays can be improved and progress in those areas will be discussed, as well as future directions of how
these assays are envisioned to be applied for broader safety testing of
chemicals.
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1613 Testicular Cells Co-Culture as an Alternative
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Model for Male Reproductive Toxicity

E. M. Faustman. University of Washington, Seattle, WA.
New advances in 3D organotypic cultures have provided a novel
platform for evaluating testicular development and impacts of male
reproductive toxicants. Co-cultures maintained up to three weeks
remain viable and contain Germ cells, Leydig cells, and Sertoli cells.
Transcriptomic profiles of cell signaling and reproductive function in
vitro show striking similarity with in vivo controls. Key processes in testicular development are present, including systems associated with cell differentiation and maturation, cell signaling, hormonal regulation, endocrine system development, cell-cell adhesion, tube formation, germ
cell migration, gonad development, sex differentiation, apoptosis, and
immune response. Immunological function of resident macrophages
has been characterized and this response to exposures to known male
reproductive toxicants can be reported. Metabolic capabilities by cytochrome P450s and esterases have been identified and their contribution
to phthalate metabolism has been confirmed.

1614 Qualifying New In Vitro Tools for Use in a
Regulatory Risk Assessment

S. C. Fitzpatrick. US FDA, College Park, MD.
A major goal of US FDA’s Advancing Regulatory Science Initiative
is to develop better models of human adverse response especially in
assessing whether US FDA-regulated products cause reproductive and/
or developmental toxicity. These new models would provide a better
understanding of toxicity mechanisms at multiple levels of biological
organization, including genes, proteins, pathways, and cell/organ functions. US FDA wants both screens to quickly identify potential reproductive and development hazards and then models, including in vivo, in
silico and in vitro, to assess these endpoints in humans. More importantly,
as new methods are developed, US FDA needed to create a pathway
for developing confidence in the new assays and models to ensure
their incorporation into regulatory risk assessment. US FDA’s qualification procedures have defined a pathway for acceptance of these new
toxicology tools, including US FDA working closely with developers to
assure that new tools are eventually adopted for regulatory use.

1615 Reimagining Evaluation of Human
Pharmaceutical Reproductive Risk

C. J. Bowman. Pfizer Inc, Groton, CT.
The risks of developmental and reproductive toxicity of pharmaceuticals
isn’t the same for all people or patients. Different drug candidates have
different contexts of use, which should require different amounts of supporting reproductive and developmental toxicity data to provide appropriate information for risk assessment. This depends on three characteristics: 1) the drug’s likelihood of producing off-target toxicities; 2) the
risk tolerance for adverse effects based on the indication and patient
population and; 3) how much is known about the effects of modulating
the target in reproductive and developmental biology. For example, a
highly specific monoclonal antibody (mAb) for a life threatening indication against a target known to be critical to fetal survival or sperm
would not seem to warrant a pregnant monkey study or mating trial
in monkeys. In contrast, a small molecule for a chronic lifestyle indication will likely require more safety data than simply some in vitro studies
and a literature review. Rather than trying to account for innumerable
theoretical possibilities surrounding each drug candidate’s submission
profiles, most typical situations were consolidated into eight possible
scenarios across these three characteristics. These scenarios include a
proposed role of in vitro studies and fewer in vivo studies for regulatory
use. We hope that this framework will stimulate discussion and facilitate a rationale testing approach of what new information is required to
inform developmental and reproductive toxicity risk of pharmaceuticals
in the context of specific needs of each program, while reducing animal
use where possible.

1616 An Integrated European Program Driving

Mechanism-Based Toxicity Testing and Risk
Assessment for the 21st Century

M. Leist. University of Konstanz, Konstanz, Germany.
An international consortium of 39 partner organizations has been
funded by the European Commission to work on the integration of new
concepts for regulatory chemical safety assessment. One major goal is
to develop new in vitro integrated approaches to assessing reproductive and developmental toxicity. These new approaches involve cutting
edge human-relevant in vitro non-animal methods and in silico computational technologies to translate molecular mechanistic understanding
of toxicity into safety testing strategies. The consortium will provide
proof of concept for a new mechanism-based chemical safety testing
strategy, with a focus on several important outcomes. Importantly, novel
mechanism-based test methods will be integrated in fit for purpose
testing batteries that are in line with the regulatory framework and will
meet industrial implementation. At the end of the project, the novel risk
assessment strategies should find wide application in various regulatory
contexts, across industry sectors, and for different population groups,
such as patients, workers, consumers, and the society at large. This presentation will outline the strategies for integrating in vitro reproductive
and development testing into the Regulatory Paradigm.

1617 Opportunities for Read-Across Development and
Application Using QSAR Approaches

G. Patlewicz. US EPA, Research Triangle Park, NC.
Read-across is a data gap filling technique used within analogue and
category approaches for regulatory purposes. Although there has been
considerable experience applying these techniques for regulatory programs, acceptance remains context dependent and reliant on expert
assessment. Recent activities, including those led by Cosmetics Europe,
and separately by the European Chemicals Agency (ECHA), have developed conceptual frameworks to identify and document sources of
uncertainty. Addressing uncertainties using mechanistic information
within Adverse Outcome Pathways (AOPs) is still in its infancy; although
several case studies have been developed, their success and uptake
remains dependent on subjective assessment. Currently, there are no
objective metrics to evaluate the performance or quantify the uncertainties in read-across predictions. This is in sharp contrast to (Q)SARs
(which are underpinned by the same principles), where measures of performance are specified as one of the (Q)SAR validation principles. This
raises the question of whether there are learnings and approaches that
can be drawn from this related field that could be exploited to enhance
read-across, and in doing so, transition away from expert assessment.
Research to develop read-across predictions of toxicity (qualitatively
or quantitatively, e.g. benchmark dose or NOAELs) using similarity
weighted activity of nearest neighbors based on chemistry and/or bioactivity descriptors (akin to a local QSAR model) are being investigated.
Opportunities also exist to derive read-across predictions within local

1618 Current Progress with Expert Driven Read-

Across in the Regulated Community: Practical
Experiences Using Glycol Ethers

N. Ball. The Dow Chemical Company, Horgen, Switzerland.
Sponsor: R. Becker.
Within the realm of category approaches and read-across, the ReadAcross Assessment Framework (RAAF) prepared by the EU Chemicals
Agency (ECHA) has laid out the expectations of what is needed to
support the use of read-across within a regulatory submission. Within
the RAAF, there is a clear desire to provide as much supporting information as possible in order to support the proposed read-across approach.
In particular, newer methodologies (for example ‘omics) are mentioned
as potential sources of supporting information. For the P-series (propylene glycol-series) glycol ethers, transcriptomic data were generated
both in vivo and in vitro in an effort to provide mechanistic support to
justify the grouping of these substances. This presentation will demonstrate how these transcriptomic data can be used in accordance with
the RAAF to build a robust justification for read-across. In vivo transcriptomics data were also generated for a handful of the E-series (ethylene
glycol-series) glycol ethers. These data will be used where possible to
illustrate how this approach can be helpful in category member selection; both positive and negative selection for the purposes of readacross.

1619 Read-Across at the Crossroads of

Chemoinformatics and Regulatory Science

C. Yang. Altamira and Molecular Networks, Columbus, OH.
Read-across based on analogues requires knowledge of structural features, physicochemical properties, and biological profiles. For structural
features, the freely available ToxPrint chemotypes are employed to fingerprint analogues. The ToxPrint chemotypes are tailored for toxicity
investigations, and are known to provide a broad feature coverage of
regulatory inventories consisting of commodity chemicals, cosmetics,
food additives, pesticides, and pharmaceuticals. Chemotypes are coded
in an XML markup language that allows both structural knowledge and
physicochemical property information to be captured. Chemotypes can
also be annotated with mechanistic information and potency categories based on NOELs/LOELs. This provides a powerful chemoinformatics
approach for identifying and grouping analogues defined by similarity
of structure, properties, potency, and biological mechanisms. The final
outcome of the read-across is based on quantitative weight of evidence
(WoE) assessment of analogue toxicity information, as well as in silico
predictions. This WoE approach can take diverse evidence sources into
account, including not only QSAR models and structural alerts, but
also experimental results from assays and toxicity studies and even, if
desired, more subjective sources such as expert opinions. Each source
of information has an associated measure of reliability and uncertainty.
Dempster Shafer decision theory is applied to systematically combine
the different types of information, and to rigorously and quantitatively
report the uncertainty associated with the read-across conclusion. Case
studies from food additives and cosmetics are presented.

1620 Reproducible Read-Across Evaluations Based on
SAR Information

E. Benfenati. Mario Negri Institute, Milan, Italy. Sponsor: R. Becker.
Read-across and QSAR are both based on the same underlying principles that toxicity can be related to the chemical structure. A QSAR model
starts from the training set. The presence of similar chemicals with property values close to that predicted can support the result. The approach
in read-across is the opposite. The assessment is focused on the few
substances similar to the target. The data quality of the similar chemicals is fundamental. But what constitutes similar? Even more relevant
is the related question: which elements of dissimilarity are present in
the target molecule, and are these elements of dissimilarity driving the
effect towards an increase or decrease of the effect? We will present
an evolution of our software for read-across, ToxRead, with this additional feature, ToxDelta, which assesses the toxicity differences between
similar compounds. This presentation will showcase how expert knowledge, as encoded into structural alerts, can be used as a criterion for
similarity and dissimilarity. Case studies using ToxRead will demonstrate
how a local neighborhood of analogues can be constructed and examined graphically as part of a read-across evaluation. The integration of
the evaluation based on read-across (which is diagnostic) with the evaluation based on QSAR (which is prognostic) will be discussed. We will
introduce a strategy for weight-of-evidence integrating QSAR and readacross, implemented into a new program.

1621 Quantifying Uncertainty in Read-Across
Assessment: An Algorithmic Approach

G. Patlewicz, and I. Shah. US EPA, Research Triangle Park, NC.
Read-across is a popular data gap filling technique within category and
analogue approaches for regulatory purposes. Acceptance of readacross remains an ongoing challenge with several efforts underway for
identifying and addressing uncertainties. Here we demonstrate an algorithmic, automated approach to evaluate the utility of in vitro bioactivity
data (“bioactivity descriptors”, from EPA’s ToxCast program) and chemical descriptor information to derive local validity domains (specific sets
of nearest neighbors) to enable read-across of toxic effects observed
in typical in vivo study types. The performance of the read-across prediction was evaluated in two ways. A receiver operating characteristic
(ROC) analysis of the predicted toxicity and experimental toxicities is
conducted for k nearest neighbors (where the value of k ranged from 1
to the maximum number of chemicals in the neighborhood), and with
a similarity threshold, s (where the value of s ranged from the minimum
to maximum values of s across all unique pairwise comparisons in the
neighborhood). The area under the curve (AUC) is taken as a measure
of performance for a given k and s value. In addition, the overall performance across all values of k and s in a local neighborhood is summarized as the volume under the surface (VUS) of the ROC scores. The
latter allows a comparison across different toxicities to be made across
the entire neighborhood to determine for which effects, bioactivity,or
chemical descriptors gave rise to predictions with greater or lesser confidence. Here we present case studies demonstrating the utility of these
metrics to evaluate read-across performance, as well as improvements
in performance when toxicokinetic information is taken into account.
The views expressed are those of the authors and do not necessarily reflect
the views or policies of the US EPA.

1622 Using Quantitative Predictions of Continuous
Toxicity Values in Read-Across

J. Wignall. ICF International, Fairfax, VA.
An underlying principle of both (quantitative) structure activity relationships (QSARs) and grouping approaches, including read-across, is that
similar chemical structures exhibit similar activities. Their differences lie
only in the degree that the relationships are formalized and structured.
Whereas read-across largely relies on qualitative predictions, QSAR
methods can generate quantitative predictions of doses at which a
chemical is likely to cause harm to humans. There is uncertainty inherent
in these predictions, but that uncertainty can be readily quantified. Such
values include benchmark doses (BMDs), which are of particular interest
to decision makers. The models that we have built, which facilitate
transparency and communication by using publicly available chemical
descriptors, easy to understand algorithms, and external validation, can
be used to predict BMDs and BMDLs (lower limit of the 95% confidence
interval of the BMD) for chemicals based on structural information alone,
and with less than two orders of magnitude of uncertainty. We will show
how QSAR can be applied to a local neighborhood of chemicals so that
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domains using other chemoinformatics techniques, from systematically
identifying and evaluating source analogues, characterizing analogues
with relevant mechanistic information to using machine learning techniques. This workshop will discuss opportunities of moving from expertdriven approaches to systematic read-across prediction by exploiting
informatics. Methods to quantify uncertainty, combine different types
of information, and thereby to reduce the uncertainty, also will be discussed.The workshop will comprise a series of highly focused presentations that will provide an update of the state of the science for traditional read-across, and demonstrate opportunities for using informatics
approaches in selecting and characterizing analogues, objectively evaluating read-across predictions, and assessing performance. The session
is intended to foster discussion between practitioners of read-across
and other modeling approaches, and investigators and regulators
across environmental, industrial, consumer products, and pharmaceutical toxicology at the same time as articulating the practical value of the
read-across methodologies being developed in enhancing human and
environmental risk assessment.

predicted BMD and BMDL values and their uncertainty ranges for chemicals of interest can be used for read-across predictions. We will also
show how BMDs can serve to complement read-across methods based
on NOAELs, as BMDs make use of the entire dose-response curve from a
toxicology study and are not as dependent on study design.

1623 Thresholds of Toxicological Concern: 21st
Century Safety Assessment

H. M. Hollnagel. Dow Europe GmbH, Horgen, Switzerland.

146
SOT 2017 Annual Meeting

Safety assessment is the evaluation of a chemical to ensure that exposure from its use is acceptable within the current risk analysis paradigm.
Typically, this involves an evaluation of chemical-specific toxicity data
from animal studies, to derive acceptable levels of exposure. As analytical methods improve, more and more chemicals are detected in our
environment for which chemical specific exposure levels can be estimated, but toxicology data is lacking. The Concept of the Threshold of
Toxicological Concern (TTC) uses the principles of chemical grouping
and read-across to screen chemicals at low levels of exposure for prioritization of follow-up testing. The approach considers chemical structure,
metabolism, and animal toxicity data to establish generic chronic exposure thresholds below which there is no appreciable health risk. At the
same time, scientists are striving to identify methods and approaches
capable of achieving the NAS vision to Refine, Replace and Reduce animal
testing, whilst improving the efficiency of low tier evaluations. Within
that context, the TTC approach should be evaluated against emerging
methods such as: computational approaches, in vitro methods, and individual chemical read-across, to predict systemic repeat-dose toxicity.
This session is laid out to review the scientific basis of the TTC concept
and the areas of ongoing improvements, such as database updates, the
derivation of internal TTCs, and updates to the structural groupings used
in TTC. This status quo also will be challenged by looking at if, and how,
the TTC approach can be advanced into the 21st century. Sufficiently
large databases with information from in vivo toxicology studies are
a crucial foundation for the TTC concept. The thresholds for potential
carcinogens were derived from a dataset originally build in the 1980s
from the UC Berkeley Cancer Potency Database. The thresholds for noncancer endpoints were developed in the 1990s from the Munro dataset
of repeated dose studies. Since then, different smaller projects have
confirmed the robustness of the thresholds in general, and for specific
endpoints, by demonstrating that updates to study subsets or addition
of new data did not result in relevant changes. However, the datasets
serving as the basis of the current TTC values are partly outdated and
do not necessarily represent all types of chemical structures. One major
effort to expand the structural domain of the TTC dataset for non-cancer
endpoints with chemicals related to cosmetics has just been concluded
by the COSMOS/ILSI Europe project. For the cancer potency TTC dataset,
an ILSI Europe Expert Group is developing a framework for evaluation
of cancer bioassay and genotoxicity data, to lay out how the cancer
TTC thresholds could be refined despite the challenges of predicting
cancer mechanism of action, human relevance of tumor findings, and
potency based on often scant data. The current TTCs are representative
of external oral exposures. Recently, the development of TTCs based on
internal exposure, such as chemical concentration in blood, has been
proposed, with the particular advantage that they could be used in risk
assessment for non-oral routes of exposure. Examples will be presented
of the use of PBPK modeling to derive internal concentrations for chemicals in the existing TTC database, which is the first step towards developing internal TTCs. The TTC approach relies on grouping chemicals
using the Cramer et al. 1978 Decision Tree (DT), which was developed
40 years ago to provide a tool to prioritize orally ingested substances
based on their chemical structure. Combining knowledge of structure,
metabolism, and toxicity, a sequence of yes/no questions were devised
that leads to the assignment of a substance to one of three classes of
toxic concern. Given the scientific knowledge accumulated since 1978,
the DT is overdue for an update. The session will discuss current work to
develop more refined DT questions, which leads to an increased number
of six classes of toxic concern, aimed at more accurate allocation of a
broad range of structures to toxicity classes with appropriate thresholds.
Rapid progress in the development of in vitro and in silico methods is
giving rise to alternative approaches, which could make the current TTC
approach redundant. The volume of data being generated by Tox21
methods, allied with the development of adverse outcome pathways
and their respective molecular initiating and other key events, is providing opportunities for molecular read-across, including (Q)SAR, which
should be more accurate that conventional approaches based on in vivo
toxicity data. The session will examine whether Tox21 data could be
used to develop TTCs, and if abandoning the TTC approach would result
in an unnecessary limitation in available risk assessment strategies.

1624 Spatiotemporal Progression of Early

Brain Injury in a Rat Model of Acute
Diisopropylfluorophosphate (DFP) Intoxication

B. A. Hobson1, D. J. Rowland1, D. A. Bruun1, D. J. Harvey1, J.
Garbow2, and P. J. Lein1. 1University of California Davis, Davis, CA;
and 2Washington University, St. Louis, MO.
Current treatments for organophosphate (OP) poisoning do not sufficiently protect against progressive neurodegeneration or delayed cognitive impairment. Developing more effective therapeutic approaches
has been challenging because the pathogenesis of these delayed consequences is poorly defined. Using magnetic resonance imaging (MRI),
we previously reported brain lesions that persist for months following
intoxication with the OP, DFP. However, the early spatiotemporal progression of these lesions remains unknown. Therefore, we used in vivo
MRI to longitudinally monitor brain lesions during the first three days
following acute DFP intoxication. Adult male Sprague Dawley rats were
treated with pyridostigmine (0.1 mg/kg, im) prior to administration of
DFP (4 mg/kg sc), atropine sulfate (2 mg/kg, im) and 2-PAM (25 mg/
kg, im). Animals were imaged on a Bruker 7T MRI at 6, 12, 18, 24, 48,
72 h post-DFP, and then brains were taken for correlative histology
to assess neurodegeneration (FluoroJade C staining), microglial activation (IBA-1/CD68 immunolabeling) and reactive astrogliosis (GFAP
immunostaining). DFP intoxication elicited moderate-to-severe seizure
activity as determined using a modified Racine scale. T2-weighted anatomic imaging revealed lesions within the thalamus, piriform cortex,
somatosensory cortex, hippocampus, basolateral amygdala, globus pallidus, septal area, and substantia nigra. Semi-quantitative assessment
of lesion severity and volumetric analysis of lesion extent indicated
significant spatiotemporal variation in the appearance and progression
of damage across brain regions. Lesion extent corresponded to histological measures of neurodegeneration and neuroinflammation. These
results suggest timing of therapeutic intervention for attenuating brain
injury following OP intoxication may be regionally dependent, and
that longitudinal assessment of OP-induced damage by MRI may be a
powerful tool for assessing therapeutic response. Supported by the NIH
CounterACT program (NS079202) and predoctoral fellowships to BH from
NIH (GM099608), David and Dana Loury Foundation, ARCS Foundation.

1625 Evaluation of Ketamine to Reduce Semi-

Acute Electrophysiological and Behavioral
Compromise following Nerve Agent Exposure

W. M. Weber2, J. D. McDonald2, J. D. Lewine3, M. Doyle-Eisele2,
R. Raulli1, J. Laney1, and E. Garcia1. 1BARDA, Washington, DC;
2Lovelace Biomedical, Albuquerque, NM; and 3Mind Research
Network, Albuquerque, NM.
Long term neurological sequelae including cognitive dysfunction,
behavioral changes, memory loss, and subsequent seizure activity are
often reported in patients surviving an acute nerve agent exposure,
even after standard of care (SOC) treatments atropine, 2-PAM, and benzodiazepine (midazolam, MDZ). The goal of this program was to evaluate ketamine (KET) as an adjunctive agent to an atropine/2-PAM/MDZ
SOC for reducing long term neurological deficits in sarin (GB) exposed
Sasco Fisher rats. Animals were challenged with GB (105 µg/kg, SC) followed by administration of atropine methyl nitrate (AtMeN, 2.53 mg/
kg) and 2-PAM (25 mg/kg) at 1 minute post GB exposure. At 50 min post
GB, animals were treated with either: MDZ only (0.66 mg/kg, IM), KET
only (7.5 mg/kg, IM), MDZ+lowKET (2.5 mg/kg, IM), or MDZ+highKET
(7.5 mg/kg, IM). KET was administered every 90 minutes for a total of 5
injections. Animals were followed for up to 30 days and were routinely
monitored for seizure and epileptic activity (EEG video and telemetry
system) and memory/behavioral changes (Morris Water Maze (MWM))
at 1, 7, and 30 days. Beyond the day of sarin exposure, none of the
animals demonstrated clinical seizures. However, epileptiform abnormalities (e.g., spike-wave activity in the EEG) were seen differentially
across the treatment groups. At Day 7, 5/10 animals that received only
MDZ showed intermittent or frequent spikes. In contrast, only 1/10 of
the MDZ+highKET animals showed this level of abnormalities. On the
MWM, a measure of spatial memory, pre-exposure escape times were
~4 sec. At Day 7, MDZ animals had escape times of 16 sec compared to
8.8 sec for MDZ+highKET animals. By Day 30, all MDZ-only animals had
an abnormal EEG, whereas none of the MDZ+highKET animals had EEG
abnormalities. On the MWM, MDZ animals had day 30 escape times of
28 sec, whereas MDZ+highKET animals had day 30 escape times of only
7.8 sec. These data suggest the addition of KET to the post-GB treatment
protocol reduces the short term neurological burden of GB exposure,
with respect to both abnormal brain electrophysiology and behavioral
measures of memory function. (These studies were funded and approved
by BARDA under contract number HHSO100201100004I-HHSO10033007T)

Organophosphate Poisoning

U. Wormser2, B. Brodsky2, Y. Finkelstein1, and E. Proskura2.
1Shaare Zedek Medical Center, Jerusalem, Israel; and 2The Hebrew
University, Jerusalem, Israel.
The currently available antidotes for treatment of organophosphate poisoning are atropine, oximes and anticonvulsants while pyridostigmine is
a prophylactic measure. The present study demonstrates a marked antidotal activity of the novel peptide QVP against toxicity of nerve agents.
Paraoxon administration (female C57BL/6 mice, 0.8mg/kg, sc) caused
severe neurological symptoms within 20 minutes of exposure whereas
negligible signs were observed in animals received a single injection of
the peptide (1mg/kg, iv) 3 days prior to the nerve agent intoxication.
This effect was well correlated with the pronounced peptide-induced
reduction of the inhibitory effect of paraoxon on brain and muscle acetylcholinesterase activity which was 28% and 31%, respectively, higher
in the QVP-treated mice than the control group. It should be noted
that QVP was the only countermeasure used along these experiments,
namely, neither atropine nor oximes were employed. The long interval
between QVP treatment and paraoxon exposure indicates for a potential peptide-induced brain and muscle factor that modulates acetylcholinesterase activity and confers protection against nerve agent toxicity.
(This work was supported by HDTRA contract number 1-13-1-0041)

1627 TRPV4 Inhibitor Improves Pulmonary Function

and Oxygen Saturation in a Pig Translational
Model of Chemically-Induced Acute Lung Injury

S. Achanta1, B. Liu1, A. I. Caceres1, M. Gentile1, D. J. Behm2, T.
J. Roethke2, M. Burgert2, I. M. Cheifetz1, M. D. Gunn1, and S. E.
Jordt1. 1Duke University School of Medicine, Durham, NC; and
2GlaxoSmithKline Pharmaceuticals, King of Prussia, PA.
The treatment of chemically induced acute lung injury (ALI) remains
challenging because of the lack of mechanism-based therapeutic
approaches. Chlorine (Cl2) gas is a severe chemical threat with frequent
exposures in domestic and occupational environments and in transportation accidents. Cl2 was repeatedly used as a chemical weapon,
first in World War I and most recently in Syria, with hundreds of casualties reported there. Our recent studies in a mouse model of Cl2 exposure have shown that transient receptor potential vanilloid 4 (TRPV4),
an ion channel expressed in pulmonary tissues, is a crucial mediator
of chemically induced ALI. TRPV4 inhibitors ameliorated Cl2 induced
ALI in mouse models (Balakrishna S et al., 2014). In the present study,
we asked whether the beneficial therapeutic effects of TRPV4 inhibition would translate to a large animal model of Cl2 exposure, the pig.
Specific pathogen free Yorkshire pigs were mechanically ventilated
under anesthesia and exposed to Cl2 gas (≤ 240 ppm for 1 h). A novel
TRPV4 inhibitor, GSK691 or vehicle was administered post-Cl2 exposure.
Methacholine airway challenge was done. Total and differential leukocyte cell counts in broncho alveolar lavage fluid (BALF) were determined.
Lung injury markers were characterized by ELISA and quantitative PCR.
Histopathological analysis and scoring was done following American
Thoracic Society guidelines. Treatment with GSK691 improved oxygenation and respiratory physiological parameters compared to vehicle
group. GSK691 treatment reduced total BALF cell and neutrophil counts.
Vascular leakage and edema were decreased in GSK691 treated pigs.
Pro-inflammatory cytokine markers were decreased and histopathology
was improved by GSK691. These results suggest that TRPV4 inhibitors
are potential new countermeasures for Cl2 induced ALI; and pave the
way for further testing of TRPV4 inhibitor drug candidates following the
US FDA’s animal rule (21 CFR 314.600) as an efficacious countermeasure
to treat Cl2 induced ALI in human patients.

thus accumulation of acetylcholine (ACh) are followed by a cholinergic
crisis affecting numerous body functions. Death by OP poisoning is
mostly a result of paralyzed respiratory muscles, bronchoconstriction
and impaired respiratory control in the central nervous system. The
standard therapy in OP poisoning consists of repeated applications of
oximes (to reactivate inhibited AChE) and atropine (to counteract the
cholinergic crisis), a regimen that lacks efficiency against different OP.
Unfortunately, there has been little progress regarding novel therapeutic approaches in the past decades. Therefore, intensive research for
innovative treatment procedures is mandatory. Objective of this study
was the development of a reliable test system for candidate therapeutics in OP poisoning, focusing on the lung. By video-based microscopic
analysis of precision cut rat lung slices (PCLS), the ACh-induced bronchoconstriction was quantified by measurement of the bronchial area
at specified time points. Following ACh stimulation, bronchoconstriction was spontaneously reversible in the control group, starting with a
decrease of bronchial area to about 30 ± 5 % (Mean ± SEM) of the initial
area, ensued by spontaneous increase to about 60 ± 6 %. Contrarily, in
PCLS incubated with OP, bronchoconstriction was not spontaneously
reversible, showing a constant decrease of bronchial area to about 18 ±
5 % of the initial area. This effect was antagonized by application of atropine, with an increase of bronchial area to about 70 ± 7 % of the initial
area, therefore showing a positive therapeutic effect in OP poisoned
PCLS. In summary, this study presents PCLS as an efficient and robust
test system for candidate therapeutics in OP poisoning and can therefore be of proficient use in future research for novel treatment regimens.

1629 Differential Reactivity of the Sulfur Mustard

Analogs Mechlorethamine and Chlorambucil
with the Thioredoxin System

Y.-H. Jan3, D. E. Heck1, D. L. Laskin2, and J. D. Laskin3. 1New York
Medical College, Valhalla, NY; 2Rutgers University, Piscataway, NJ;
and 3Rutgers University School of Public Health, Piscataway, NJ.
Nitrogen mustards, including mechlorethamine (HN2) and chlorambucil (CHL), are bifunctional alkylating agents commonly used in cancer
chemotherapy and in models to study sulfur mustard-induced tissue
injury. Exposure to these vesicants is known to cause oxidative tissue
injury as a consequence of their ability to alkylate cellular macromolecules. The thioredoxin (Trx) system, which includes thioredoxin reductase (TrxR) and Trx, is a cellular disulfide reduction system important
in antioxidant defense and cell growth control. In the present studies,
we compared the actions of HN2 and CHL in human Jurkat T cells, a
cell line known to highly express Trx system enzymes. Exposure of the
cells to HN2 and CHL reduced viability in a concentration-dependent
manner (IC50‘s = 0.63 and 25.7 µM for HN2 and CHL, respectively). This
was associated with S phase cell cycle arrest, induction of apoptosis,
and inhibition of the Trx system. Inactivation of cellular Trx system by
the nitrogen mustards was also correlated with the formation of high
molecular weight intermolecular cross-links; HN2 was more efficient in
cross-linking Trx/TrxR proteins than CHL. HN2 was also found to be more
active in protein cross-linking and enzyme inhibition when compared to
CHL in purified Trx and TrxR. Similar profiles for enzyme inhibition and
cross-linking between cell models and in vitro models suggest that nucleophilic reactions between the aziridinium ion and Trx system proteins
play a dominant role in their mechanism of actions. This is supported by
LC-MS/MS analysis showing that HN2 is more active in forming adducts
on catalytic cysteine and selenocysteine residues in the Trx system
than CHL. Taken together, our data demonstrate that the Trx system
is a molecular target for nitrogen mustards and that this contributes to
tissue injury. Lower reactivity of CHL to alkylation sites on Trx and TrxR
limits its ability to inhibit the Trx system. (Support: NIH grants AR055073,
NS079249, ES004738, and ES005022)

1630 Metabolomics for Identifying Pathways Involved
1628 Precision Cut Lung Slices as Test System for

Candidate Therapeutics in Organophosphate
Poisoning

J. Herbert, F. Worek, H. Thiermann, and T. Wille. Bundeswehr
Institute of Pharmacology and Toxicology, Munich, Germany.
In times of increasing global military activities and terroristic threats,
innovative countermeasures especially against chemical warfare agents
are needed to protect soldiers and civilians alike. As one of the most
vicious means of weaponry, organophosphate (OP) poisoning due to
nerve agents such as VX or sarin present a constant danger. Apart from
warfare, OP are also commonly used as pesticides, with hundreds of
thousands primarily suicidal fatal cases every year. OP poisoning pathologically impairs key features of the human physiology: Inhibition of
the ubiquitous expressed enzyme acetylcholinesterase (AChE) and

in Vesicating Agent Lewisite-Induced Corneal
Injury

N. Tewari-Singh, D. G. Goswami, R. Kant, J. M. Petrash, and R.
Agarwal. University of Colorado Denver, Aurora, CO.
Lewisite [dichloro(2-chlorovinyl)arsine; L; LEW], a potential chemical
warfare and terrorist arsenical vesicant, causes severe pain and blistering upon exposure, and immediate damage to the skin, eye and
respiratory tract. The ocular tissue is particularly more sensitive to LEW
and exposure causes rapid injury with the edema of eyelids, inflammation, massive corneal necrosis and blindness. However, detailed pathogenesis of corneal injury and related mechanisms from LEW exposure,
which could be helpful in developing effective targeted therapies are
not available. The changes in the metabolome, resulting from molecular perturbations at the genomic and proteomic levels, could be useful
to delineate new information on pathways and processes involved in
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1626 A Novel Approach for Protection against

vesicating agent response. Hence, to understand the mechanism of
LEW-induced corneal injury, we conducted cutting-edge metabolomics
analysis to assist in delineating the complex chain of molecular events
linking the LEW exposure with the observed ocular injuries/toxic outcomes in our studies in the rabbit corneas. The metabolomic analysis of
the rabbit corneal samples (control rabbit cornea versus those exposed
to LEW at 0.2 mg/L vapor for 2.5 or 7.5 minutes and then collected at 3,
7 or 14 days post LEW exposure) analyzed indicated the major involvement of inflammation-mediated cytokine and chemokine pathways,
immune-response, oxidative stress, altered energetics and nucleotide
metabolism, and changes in lipid metabolism pathways in LEW-induced
corneal inflammation, vesication and neovascularization. The study outcomes here provide very essential and novel information on metabolite changes following LEW-induced corneal injury that could help in
identifying pathways of LEW injury and develop more effective targeted
therapies.

1631 Identification of the Mechanisms of Action of
Toxins in Less Than 30 Days

Vertes2,

A.
A. R.
S.
H.
C.
P.
Nemes2, L. Parvin2, Z. J. Sahab2, B. Shrestha2,5,, S. A. Stopka2, W.
Yuan2, D. Bunin4, M. Knapp4, I. Mason4, D. M. Nishita4 , A. Poggio4,
C. L. Talcott4, M. Yadav4, B. M. Davis1, A. I. Larriera1, C. A. Morton1,
C. J. Sevinsky1, M. I. Zavodszky1, N. J. Morris3, H. Anderson3, M. J.
Powell3, and T. T. Razunguzwa3. 1GE Global Research, Niskayuna,
NY; 2George Washington University, Washington, DC; 3Protea
Biosciences Inc., Morgantown, WV; 4SRI International, Menlo Park,
CA; and 5Waters Corporation, Milford, MA.
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Toxins can have calamitous global health consequences. The exponential progression of harm caused by pathogen-induced pandemics
requires the timely characterization of the threat agent at its earliest
onset. Traditional methods for the identification of the mechanism
of action (MoA) typically take several years. This challenge is best
addressed by developing high-throughput comparative methodologies to capture the system-wide changes caused by exposure to the
substance. Streamlined protocols were developed for sample preparation, data acquisition, and the quantification of molecular changes
in hepatocellular carcinoma cells exposed to forskolin, nocodazole, or
bendamustine using high-throughput proteomics, micro-array based
transcriptomics, and rapid untargeted metabolomics. Antibody-based
assays and qRT-PCR were then implemented to confirm the proteomic
and transcriptomic data, respectively. Knowledge-based tools were used
for data integration and the reconstruction of the MoA of each compound within 30 days.Quantitative cellular response levels of >67,528
transcripts and >5,000 proteins were determined for several time-points
ranging from 30 s to 48 h. Furthermore, untargeted metabolomics performed by laser ablation electrospray ionization (LAESI) mass spectrometry (MS) in combination with ion mobility separation, and high resolution MS using laser desorption ionization from nanopost arrays (NAPA)
resulted in the profiling of >400 metabolites. Biomolecules regulated
with statistical significance over 3 biological replicates were compiled
for knowledge-based pathway analysis to assess the data potency at
reconstructing the known MoA of these 3 compounds. We proceeded
to validate the MoA by conventional phenotypic and intracellular signaling assays. Our systems biology methodology combined with knowledge-based tools for pathway analysis is capable of recovering the MoA
of a challenge agent in less than 30 days.

1632 Adiponectin as a Biomarker for BisphenolA-Induced Obesity: A Study in a Sample of
Egyptian Children

H. M. Abo El-Atta, M. A. Helmy, A. K. El-Hawary, A. M. El-Mansoury,
and M. E. Abdel-Naby. Mansoura University, Mansoura, Egypt.
Sponsor: E. Vilanova.
Childhood obesity is one of the most serious public health challenges
of the 21st century that steadily affects many low- and middle-income
countries, including Egypt. Bisphenol-A (BPA) is one of the highest production volume chemicals. It is used in the manufacturing of plastics and
numerous consumer products such as food and water containers. The
current study was conducted to find out whether adiponectin can be
utilized as a biomarker in bisphenol-A induced childhood obesity or not.
Study design: Eighty healthy children were selected and divided into two
groups: The study group included 40 obese children (Body mass index
(BMI) ≥ 95th percentile), the control group included 40 normal-weight
children (BMI 5th - 85thpercentile). Body mass indices were calculated
and urinary BPA and serum ADP levels were estimated using HPLC and
ELISA respectively; in all children. Results revealed statistically significant
differences in mean BMI values between both groups (P < 0.001); as

well, between median serum ADP levels (P < 0.001) among the studied
groups. Strong inverse correlations were found between the unadjusted
and creatinine-adjusted BPA levels and serum ADP levels (r=- 0.972 & 0.947), as well, serum ADP levels and BMI (r=- 0.984) regarding the study
group. Binary logistic regression analysis showed that serum ADP level
can be used as a significant predictor for future obesity (odds ratio “OR”:
0.146 with 95% confidence interval “CI”: 0.003-0.66, P=0.012. In conclusion, ADP can be used as a biological marker for BPA-induced obesity
in children.

1633 Blinded Evaluation of Potential Obesogens
in Murine 3T3-L1 Preadipocytes following
Selection from Database Results

M. Bharadwaj2, V. A. Chappell2, K. A. Thayer2, J. Rice2, D. G. Allen1,
W. W. Polk1, and S. E. Fenton2. 1Integrated Laboratory Systems,
Inc., Durham, NC; and 2NIEHS, Research Triangle Park, NC.
Obesity is one of the risk factors for type 2 diabetes, heart disease, high
blood pressure, and other health problems. Identifying and prioritizing environmental chemicals which play a role in triggering obesity
is essential to propose new research directions and elucidate the signaling pathways involved in obesity. The objective of this study was to
screen numerous chemicals for their adipogenic and lipogenic effects
on murine 3T3-L1 preadipocytes which had been selected as potential
obesogens based on their data in the Tox21 phase II high-throughput
screening (HTS), EPA’s Toxicity Reference (ToxRef), and the National
Toxicological Program’s Chemical Effects in Biological Systems (CEBS)
databases. Low passage 3T3-L1 preadipocytes were exposed in 96-well
plates to a range of concentrations (log dilutions from 1 x 10^-5M to 1
x 10^-12M) of the selected chemicals and 17 negative controls for eight
days in quadruplicate on three independent days. Cells treated with
DMSO and rosiglitazone (1 x 10^-6M) were used as the negative and positive controls, respectively. Concurrently, half the wells were induced to
differentiate into adipocytes by treating them with a mixture containing
0.5 mM methyl isobutyl xanthine, 1 µM dexamethasone, and 10 mg/L
insulin. Cells were fixed in 4% paraformaldehyde on day 8 and stained
with Hoechst and Nile red dyes to quantitate by high-content imaging
for the adipocyte count and extent of lipid droplet accumulation in nine
focal areas per well. Amongst the 17 chemicals predicted as positive in
the Tox21 database, only six chemicals were found to induce adipogenesis and lipogenesis in 3T3-L1 preadipocytes. Moreover, five out of 17
chemicals predicted as negative were also found to be positive. Other
predicted negatives were without effect. However, the prediction rate of
the screening experiment was approximately 50%. Consequently, a new
method of predicting is being developed for screening of the chemicals
and the results will be presented.

1634 An In Vitro Model Using Primary Human

Endometrial Cells to Assess Endocrine Active
Compounds

M. van Duursen, A. van den Brand, and M. van den Berg. Utrecht
University, Utrecht, Netherlands.
Endometrial diseases such as endometrial carcinomas or endometriosis
are very common in women in the Western world and affects up to 10%
of the women in reproductive age. Yet, biologically relevant uterine
models to assess potential endocrine effects of chemicals are lacking
in current testing strategies. Here, we established a physiologically relevant coculture model by plating primary human endometrial stromal
cells in extracellular matrix and seeding patient-paired endometrial epithelial cells on top. A similar in vitro model was established using rat
primary uterine cells. The human endometrial cells received hormone
treatments to mimic the estrogen (E2)-dominant, proliferative phase
and the progesterone (P4)-dominant, secretory endometrial phases.
Considering that rats do not display an apparent E2-dominant phase,
only the P4-dominant, proestrous phase was simulated in the rat in vitro
experiments. In human and rat endometrial cocultures, gene expression
of the progesterone receptor (PR), estrogen receptor alpha (ERα) and
aryl hydrocarbon receptor (AhR) gene expression changed by different
hormonal treatments, similar to the in vivo situation. Next, the endometrial models were exposed to 2,3,7,8-tetrachloro-p-dibenzodioxin
(TCDD), which is often associated with endometrial diseases. Absolute
AHR gene expression appears to be higher in human than in rat endometrial cocultures. However, compared with vehicle control-treated cultures, maximal induction of CYP1A1 gene expression was approximately
6.5-fold by 1 nM TCDD in human endometrial cultures as opposed to a
230-fold induction at 0.1 nM TCDD in rat endometrial cultures. In contrast to the human endometrial model, CYP1A1 mRNA induction in rat
endometrial cultures was markedly attenuated at 0.1 and 1 nM TCDD
under P4 dominant conditions. Yet, the EC50 values were similar, with
calculated EC50 values for CYP1A1 mRNA induction of 0.2 nM and 0.3

1635 Neonicotinoids Cause a Promoter-Switch of

CYP19 Expression in Hs578t Breast Cancer Cells
by Activating the VEGF-Signaling Pathways:
What Are the Implications for Breast Cancer?

E. Caron-Beaudoin, R. Viau, and T. Sanderson. INRS-Institut
Armand-Frappier, Laval, QC, Canada.
Aromatase (CYP19) is a key enzyme in the biosynthesis of estrogen and
is expressed in a promoter-specific manner. In the healthy mammary
gland, CYP19 is expressed at low levels under the regulation of its I.4
promoter. In hormone-dependent breast cancer, fibroblast cells surrounding the tutor have increased CYP19 expression due to a mechanism of promoter-switch usage, leading to inhibition of normal I.4
promoter activity and an increase of the activities of the PII, I.3 and
I.7-promoters. The final outcome is an overproduction of estrogens in
the tutor microenvironment. Little is known about the effects of environmental chemicals on the promoter-specific expression of CYP19,
but exposure to certain endocrine disruptors may increase the risk of
developing breast cancer. We determined the effects of two widely used
neonicotinoids (thiacloprid and imidacloprid) on the promoter-specific
expression of CYP19 in Hs578t breast cancer cells. We are the first to
demonstrate that the normal I.4 promoter of CYP19, and its breast cancer-related PII, I.3 and I.7 promoters are active in this cell line. We found
that the expression of CYP19 via the PII, I.3 and I.7 promoters in Hs578t is
dependent on the activation of two VEGF singling pathways (MAPK 1/3
and phospholipase C (PLC)). Exposure of Hs578t cells to environmentally relevant concentrations of imidacloprid and thiacloprid resulted
in a switch in CYP19 promoter usage, involving a strong inhibition of
normal I.4 promoter activity, whereas PII, I.3 and I.7 promoter-mediated
CYP19 expression was strongly increased, leading to an overall induction of aromatase catalytic activity. We determined that thiacloprid and
imidacloprid exert their effects by stimulating the MAPK 1/3 and PLC
pathways. This unique change in promoter usage is usually observed
in patients with progressive hormone-dependent breast cancer and we
are the first to show that certain neonicotinoids may be able to trigger or
stimulate this process in vitro.

to dyes and detergents that are likely false positives. Using these assay
technologies, we identified novel AR antagonists and structural features
that are related to AR antagonism as well as increased our confidence in
sorting true antagonists from false positives for this important target of
endocrine disruption. This abstract does not reflect federal agency policy.

1637 Interaction of Estrogenic Endocrine Disruptors–
Bisphenol-A (BPA) and Polychlorinated
Biphenyls (PCBs) with NRF1 Community Genes
and Breast Neoplasms

J. D. Ramos, and D. Roy. Florida International University, Miami, FL.
Introduction: EDC’s, such as BPA and PCBs are now detectable in serum
and adipose tissues in the general US population. Epidemiological and
experimental evidence indicate that there is an association between
exposures to EDCs and increased susceptibility to breast cancer.
Estrogen is a risk factor of breast cancer. Estrogenicity of EDCs is not
sufficient to explain their breast carcinogenicity. The underlying mechanisms by which EDCs contribute in the development of breast tumors are
not well understood. We have recently reported that NRF1 is involved in
the development of estrogen-dependent breast cancer. In this study we
have extended our efforts to investigate the role of NRF1 and its target
genes to examine the association between EDC modified NRF1 target
genes and breast neoplasms. Objective: To determine whether there is
an association between NRF1 networks altered in response to exposure
to the pharmacological estrogen- ethinyl estradiol (EE) and estrogenic
endocrine disruptors, BPA and PCB, and breast neoplasms. Methods:
Bioinformatics analysis of NRF1 ChIP-Seq studies to identify NRF1 target
genes and mRNA expression of NRF1 target genes from breast tumor
samples downloaded from cBioportal were used to identify NRF1
target genes in breast tumors. Genes modified by EE, BPA and PCB
were curated from the Comparative Toxicogenomics Database (CTD)
to analyze EDC-Gene-Breast Neoplasm interactions. Gene set enrichment analysis (GSEA) was performed to identify statistically significant
enriched biological processes and pathways. Results: Based on NRF1
ChIP Seq data from two breast cancer cell lines - MCF7 and T47D, there
were more than 8,000 genes that possessed NRF1 DNA binding motif(s).
GSEA helped us to classify NRF1 target genes from breast cancer cells
into functional categories. NRF1 target genes were involved in cancer,
breast neoplasm, cell cycle, and DNA Repair pathways. Comparison of
breast cancer susceptibility genes with NRF1 regulatable genes showed
that almost 50% of breast cancer susceptibility genes were NRF1 targets.
NRF1 target genes dysregulated by exposure to the endocrine disruptors EE, PCB and BPA were enriched in pathways associated with breast
cancer. Conclusions: Our results suggest that interaction of NRF1 community networks with estrogenic endocrine disrupting chemicals - EE,
PCB and BPA may be involved in the pathogenesis of breast neoplasms.

1636 Identification of Androgen Receptor Antagonists
Using Tox21 qHTS Data and the MARCoNI Assay

A. Bone4, M. Xia1, S. Sakamuru1, R. Huang1, R. Houtman3, R.
van Beuningen3, E. Watt4, N. Kleinstreuer2, R. Judson4, and K.
Houck4. 1National Center for Advancing Translational Sciences
(NIH), Rockville, MD; 2NTP Interagency Center for the Evaluation
of Alternative Toxicological Methods (NIH), Research Triangle
Park, NC; 3Pamgene, Hertogenbosch, Netherlands; and 4US EPA,
Research Triangle Park, NC.
Androgen receptor (AR) antagonism is a mechanism of endocrine disruption by environmental chemicals that is associated with a number
of adverse effects including reproductive organ cancers and abnormalities. To identify chemicals that may act as AR antagonists, quantitative high-throughput screening efforts were undertaken by the
Tox21 federal agency collaboration. 8307 chemicals were screened
in an AR luciferase-based reporter gene assay using MDA-kb2 cells
(human breast cell line) (LUC) stimulated with 10 nM R1881 to identify antagonists. 7523 of these chemicals were also tested at a lower
agonist concentration (0.5 nM, LUC2) in order to detect whether a shift
in agonist concentration also resulted in a shift in the effective concentration needed to produce antagonism, indicating a true, competitive
inhibitor effect. 875 (11%) and 1206 (16%) of the chemicals were active
in the LUC and LUC2 assays, respectively. 706 chemicals were active in
both. To identify structural similarities amongst active chemicals, we
clustered chemicals in a self-organizing map using ToxPrint chemotypes. We calculated the median ΔAC50 values between the two assays
for each cluster, assuming a higher median ΔAC50 would correlate to
a higher confidence in true antagonism. The clusters with the highest
values included chlorinated bisphenols, estrogens, and hydroxyfluorenes. We selected 318 chemicals for testing in the Microarray Assay for
Real-time Coregulator-Nuclear receptor Interaction (MARCoNI) platform
using the AR and 154 co-regulator peptides. We identified two recruitment patterns that distinguished between the reference antagonists
hydroxyflutamide and bicalutamide, as well as patterns that correlated

1638 In Vitro Assessment of Estrogen, Androgen,

and Glucocorticoid Bioactivity in a Nationwide
Screen of United States Stream Waters

V. S. Wilson3, J. Conley3, N. Evans3, M. Cardon3, L. Rosenblum1, L.
R. Iwanowicz5, P. C. Hartig3, K. Schenck2, and P. M. Bradley5. 1CB&I
Federal Services, Cincinnati, OH; 2US EPA, Cincinnati, OH; 3US EPA,
Durham, NC; 4USGS, Columbia, NC; and 5USGS, Columbia, SC.
In vitro bioassays can identify environmental samples contaminated
with bioactive chemicals that interact with steroid receptors and provide
a cumulative, effect-based measurement of contamination. We measured in vitro estrogen (ER), androgen (AR), and glucocorticoid receptor
(GR) activity, along with a suite of chemical analytes, in stream water
across the US. Samples were analyzed from 35 sites, including 3 reference watersheds and 32 watersheds impacted by multiple, well-characterized contaminant sources. ER activity was the most frequently
detected with 34/35 samples displaying activity (range, 0.054-115.8 ng
E2Eq L-1) above the assay reporting limit. Seven of 35 sites were at or
above levels estimated to result in adverse effects in aquatic organisms
(~1 ng E2Eq L-1). There was strong agreement (r2=0.918) between in vitro
ER activity and concentrations of estrogens after correcting for the in
vitro potency of each compound. AR activity was only detected in 5/35
samples (range, 1.60-4.76 ng DHTEq L-1). GR activity was detected in 9/35
samples (range, 6.0-43.4 ng DexEq L-1), however, there were no detections of known GR active compounds among those on the instrumental
chemical analyte list. The utility of in vitro assays in water quality monitoring was evident from both the agreement between ER/AR activity
and estrogen/androgen concentrations, as well as the detection of GR
activity for which there were no chemical detections of GR active com-
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nM TCDD under hormone-free and P4-dominant conditions in rat endometrial cultures, respectively. To better assess the physiological relevance of these findings, further gene and/or functional studies on the
AHR/ERα/PR crosstalk in endometrial physiology are needed. Clearly,
our human endometrial model holds promise as a useful assay to screen
for endometrial effects of endocrine active compounds and may help
to overcome translational uncertainties related to the use of animal
models in human toxicological risk assessment.

pounds, which signals that additional chemical analyses are needed to
identify the causative compounds for GR activity. More work, however,
is needed to fully implement these technologies into the current water
quality monitoring regulatory framework. This abstract does not necessarily reflect US EPA policy.

1639 Identification, Confirmation, and Replication

of Novel Non-Invasive MicroRNA Biomarkers to
Detect Kidney Fibrosis in Humans

M. Cardenas Gonzalez2, A. Srivastava1, M. Pavkovic’2, M. Afkarian4,
S. Parikh3, B. Rovin3, J. Himmelfarb4, S. S. Waikar1, and V. S. Vaidya2.
1Brigham and Women’s Hospital, Boston, MA; 2Harvard Medical
School, Boston, MA; 3Ohio State University Wexner Medical Center,
Columbus, OH; and 4University of Washington, Seattle, WA.
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Fibrosis is a common underlying pathology in all forms of progressive
kidney diseases caused by either chronic exposure to chemicals/drugs
or pre-existing conditions such as diabetes, hypertension, lupus, etc. The
current methods of detecting fibrosis rely on invasive biopsies or non-invasive biomarkers such as proteinuria that has substantial limitations
related to sensitivity and specificity. Here, we report the identification
of novel urinary microRNA (miRNA) biomarkers correlating with interstitial fibrosis and tubular atrophy (IFTA) in patients with biopsy-proven
diabetic nephropathy (DN) or lupus nephritis (LN). We conducted discovery profiling of 2402 miRNAs, followed by confirmation and evaluation of the differentially expressed urinary miRNAs in DN (n=58) and LN
(n=89) patients as compared with healthy controls (HE). The reproducibility and robustness of differentially expressed candidates was tested
by measuring these miRNAs in two independent multi-institutional
cohorts of patients with systemic lupus erythematosus (SLE) with (n=86)
and without (n=37) nephritis or patients with type 1 or type 2 diabetes
mellitus (DM) with (n=74) or without nephropathy (n=71). For patients
with DN differential urinary expression of miR-1915, -2861, -4532 and
miR-1273e and -204 for LN patients reflected expression patterns in
kidney tissue. Moreover, they were not only correlated (P < 0.05) with
IFTA scores but also significantly correlated with kidney function decline
[spearman correlation coefficient (r2) mean of -0.4 for DN and -0.3 for
LN]. Finally, the receiver operating characteristic curves calculated by
C-statistic for all these miRNAs was above 0.8, demonstrating very high
sensitivity and specificity. In conclusion, we report the identification of
novel noninvasive miRNA biomarkers correlating with the gold standard
(pathology) for detection of fibrosis caused by diabetes nephropathy or
lupus nephritis in humans.

1640 Deficiencies in Mitochondrial Fission and

Fusion Sensitize C. elegans to Arsenite-Induced
Mitochondrial Dysfunction

A. Luz, L. Maurer, T. Godebo, and J. Meyer. Duke University,
Durham, NC.
Despite decades of research, the precise mechanism(s) underlying arsenic-induced disease remain poorly understood. However, mitochondria
appear to be an important intracellular target of arsenic toxicity. The
trivalent arsenical, arsenite, can induce mitochondrial ROS production,
inhibit myriad enzymes involved in energy metabolism, and cause
metabolic shifts from oxidative phosphorylation to aerobic glycolysis,
a hallmark of carcinogenesis. As 1 in 4,000 individuals suffer from mitochondrial disease, and millions of people worldwide are chronically
exposed to arsenic through contaminated drinking water, it is important
to understand how this already afflicted population will respond to
arsenic exposure. Using the model organism C. elegans, we examine an
important subset of mitochondrial disease genes. We show that deficiencies in mitochondrial fission (DRP1) and fusion (MFN2, OPA1) genes,
which regulate mitochondrial dynamics, energy production, and stress
response, sensitize nematodes to arsenite-induced lethality, and developmental and reproductive toxicity. Furthermore, low-dose arsenite
exposure exacerbates mitochondrial dysfunction in fusion-deficient
nematodes (reduces ATP, and basal, maximal and spare respiratory
capacity), while potentiating mitochondrial function in wild-type nematodes (increases basal and maximal respiration, citrate synthase activity,
mtDNA content), and has limited effect on mitochondrial function in fission-deficient nematodes. Additionally, arsenite inhibits pyruvate dehydrogenase activity in fusion-deficient nematodes, suggesting disruption
of pyruvate metabolism and TCA cycle activity underlie the observed
mitochondrial deficits. To further investigate the role of fission, fusion,
and the mechanism(s) underlying arsenite-induced dysfunction we will
assess mitochondrial morphology, the mitochondrial accumulation of

arsenite, and TCA cycle and ETC complexes I and II activity. This research
demonstrates the importance of mitochondrial dynamics in limiting
arsenite toxicity, and suggests individuals suffering from deficiencies
in these processes may be susceptible to arsenite exposure. This work
was funded by the NIH and NIEHS (R01-ES017540-01A2 & F31ES026859).

1641 Effect on Cadmium-on-Stem Cell Population in
Human Renal Proximal Tubular Cells

S. Shrestha, S. H. Garrett, D. A. Sens, and S. Somji. University of
North Dakota, Grand Forks, ND.
The proximal tubules of the kidney are a common site of toxic insult, cell
death and regeneration as well as a major site for the development of
renal tubular diseases. Toxic insult can result from heavy metals, pharmaceuticals, diabetic induced nephropathy or from ischemia. Recent
studies suggest that tubular regeneration after toxic insult may involve
progenitor/ stem cells that are residing in the kidney. In this study, we
characterized stem cell populations within mortal cultures of human
proximal tubular cells (HPT) and the immortalized cell lines HK-2 and
RPTEC/TERT1. Four stem cell markers were chosen, two of which have
been shown to be expressed in renal stem cells in vivo, CD24 and
CD133, as well as CD44 and ALDH1A1 which are commonly expressed
in many other stem cell niches. The HPT cells and the RPTEC/TERT1 cells
expressed high levels of ALDH1A1, CD24, and CD133 whereas the HK-2
cells showed decreased expression of these genes. This suggests that
the RPTEC/TERT1 cell line expresses stem cell markers that are similar
to the mortal human proximal tubular cells and could potentially serve
as a good model system to study the effects of various toxicants on the
proximal tubule. The effect of cadmium on the stem cell population in
proximal tubular cells was also determined. For this purpose, the RPTEC/
TERT1 cells were exposed to 1, 2.25, 4.5, 9 or 27 μM of cadmium for 16
days and the expression levels of CD24, CD133, CD44 and ALDH1A1
were determined. The data obtained showed that cadmium exposure
for 16 days increased the expression of the stem-cell markers. Flow
cytometric analysis of the cells exposed to 4.5 and 9 µM cadmium
for 16 days showed that there was an increase in the number of cells
expressing both CD24 and CD133 (CD24+CD133+) when treated with
4.5 µM cadmium, whereas the number of cells expressing both CD24+
and CD133+ (CD24+CD133+) decreased or remained unchanged when
the cells were exposed to 9 µM cadmium for 16 days. This data suggests
that the RPTEC/TERT1 cells contain a population of cells that have stem
cell like characteristic features since they co-expresses CD133 and CD24.
This population increases when the cells are exposed to a lower dose
of cadmium suggesting a potential involvement in regeneration after
tubular insult. However, in response to higher dose of cadmium there
is no change or slight decrease in number of CD133+CD24+ cell population suggesting higher degree of injury from cadmium exposure to
residing stem like cell population.

1642 Towards the Development of a Quantitative

Adverse Outcome Pathway for Thyroperoxidase
Inhibition: Thyroid Hormone Disruption and
Neurodevelopmental Deficits

I. Hassan2, H. El-Masri2, P. A. Kosian1, J. Ford2, R. L. Ford2, M. N.
Jasper2, S. J. Degitz1, and M. E. Gilbert2. 1US EPA, Duluth, MN; and
2US EPA, Research Triangle Park, NC.
Adequate levels of thyroid hormones (TH) are needed for proper brain
development and deficiencies lead to adverse neurological outcomes
in humans and in animal models. Environmental chemicals have been
shown to disrupt TH levels, yet the relationship between developmental
exposures and decline in serum TH leading to neurodevelopmental
impairments is poorly understood. In this study, we assembled experimental and literature data to empirically describe a quantitative adverse
outcome pathway (qAOP) for TH insufficiency and impaired neurodevelopmental outcome. Specifically, we quantitatively linked reductions
in TH synthesis from inhibition of thyroperoxidase (TPO) and resulting
decreases in serum TH in the dam and fetus. We also mathematically
linked deficits in the fetal brain hormone levels to structural defect or
heterotopia in the brain of offspring. Pregnant dams were exposed to
the prototypic TPO inhibitor, 6-propylthiouracil (PTU 0, 0.1, 0.5, 1, 2, or
3 ppm) from gestational day (GD) 6-20. On GD20, PTU concentrations
increased in maternal and fetal serum with the levels in the dams being
2-fold higher than the fetus. Moreover, serum T4 levels in the dam were
decreased by 55% and 81% at 2 and 3 ppm, and fetal serum T4 was
reduced by 35%, 60%, 83%, and 90% with exposure to 0.5, 1, 2, and 3
ppm doses of PTU. Exposure to 2 and 3 ppm PTU decreased fetal serum
T3 with no change observed in the dam at any dose level. We also found
increases in maternal and fetal serum PTU and decreases in maternal
and fetal serum T4 levels were highly correlated. Fetal brain T4 levels,
estimated from published literature sources, were quantitatively linked

1643 Characterization of the Modes of Action of

Thiocyanate on the Thyroid Hormones Levels
Using a Mechanistic Dose-Response Model

M.-E. Willemin, and A. Lumen. US FDA/NCTR, Jefferson, AR.
Found in food and tobacco smoke, thiocyanate (SCN-) has thyroid disruptive properties by inhibiting the sodium-iodide symporter (NIS)
responsible for the uptake of iodide into the thyroid, and the thyroid
peroxidase (TPO) enzyme, specifically at the organification step, which
is crucial for the formation of thyroid hormones (TH). At environmental
doses of exposure, the serum concentrations of SCN- are approximately
300 to 5000 fold higher than that of other potent thyroid-disruptors
such as perchlorate. Nevertheless, no substantial disruption in serum
TH levels has been observed at these doses levels for SCN- whereas at
very high doses, goiter formation occurs. The disproportionate dose-response relationship for SCN- is yet to be characterized. Co-exposure
to SCN- in addition to other thyroid active chemicals could predispose
sensitive sub-populations to thyroid disruption. There is a need consequently to quantify the risk of thyroid disruption due to exposure to SCN-.
Toward this goal, we developed a dose-response model for SCN- effects
on the TH levels describing the kinetics of iodide and SCN- in the thyroid
and the interactions at the NIS and TPO mechanisms. The iodide/TH
model was adapted from the literature, recalibrated, and linked to our
recently developed SCN- kinetic model in rats. A hierarchical approach
was used to study the dose-effect relationship for SCN-, by first mechanistically modeling the interaction at the NIS (competitive inhibition).
Simulation of the dose-response curve for serum SCN- concentration
vs TH levels predicted proportionate effects, with 50% inhibition of the
thyroid:serum iodide ratio observed in vivo for serum concentrations
close to 46 µM. The model predicted dose-response relationship was in
a good agreement with observations in rats exposed to TPO inhibitor;
interestingly, an alteration in the SCN- internal dosimetry was necessary
to link the external dose to observed changes in thyroid:serum iodide
ratio and is currently being investigated using sensitivity analysis. Our
preliminary findings suggest that modeling the interaction of SCN- on
NIS alone is not sufficient to describe the true dose-response for SCN- as
observed in biomonitoring studies. In a risk assessment context, considering only this mode of action for co-exposure effects might overpredict
the effects and contribution of SCN- on TH levels. Additional mechanisms of action are currently being considered to describe better the
complex dose-response for SCN-.

1644 Non-Dioxin-Like Polychlorinated Biphenyls

Modify Gap Junctions to Specifically Disturb
Human Neural Crest Cell Migration

J. Nyffeler, P. Chovancova, X. Dolde, and M. Leist. University of
Konstanz, Konstanz, Germany.
INTRODUCTION: The neural crest arises during early fetal development at
the borders of the neural plate. Neural crest cells (NCC) are highly migratory and differentiate into various cell types. Failure of NCC function/differentiation leads to disorders like Hirschsprung’s disease and TreacherCollins syndrome. We previously established an in vitro NCC migration
assay and screened environmental compounds for their developmental
neurotoxic potential. A subgroup of polychlorinated biphenyls (PCBs)
strongly inhibited human NCC migration without affecting cell viability.
AIMS & METHODS: In the present study, we aimed to unravel the structure-activity-relationship (SAR) of 25 PCBs with respect to NCC migration. Subsequently, different cell biological and molecular approaches
were used to pinpoint the mode of action of the active PCBs. RESULTS:
While non-ortho chlorinated (planar, dioxin-like) PCBs did not show any
effect, all ortho-chlorinated (non-dioxin-like, NDL) PCBs inhibited NCC
migration at non-cytotoxic concentrations. The effects on migration
were relatively specific for NCC, as other cell types (i.e. embryonic kidney
cells, embryonic fibroblasts, breast cancer cells) were 5-10x less sensitive to inhibition by NDL-PCBs. Pharmacological modulators of several
receptor systems (aryl hydrocarbon receptor, ryanodine receptor,
thyroid hormone receptor, retinoic acid receptor) did not protect from
NDL-PCB induced inhibition of migration. A broad evaluation of multiple
cell functions affected by PCBs, and comparison of such effects with the
SAR relative to migration revealed that NDL-PCBs inhibited gap junctional intercellular communication (GJIC) of NCCs. Moreover, the gap
junctional protein connexin43 was rapidly removed from gap junctional
plaques upon treatment with migration-inhibiting PCBs. CONCLUSION:

A surprisingly pronounced SAR was observed for PCBs in a cell function
assay related to human fetal developmental processes. The inhibitory
effect of NDL-PCBs on cell migration was particularly pronounced in
NCC as opposed to other cell types, and it did not involve any of the
typical receptors that have been associated with other adverse effects of
PCBs. Instead, NDL-PCBs might inhibit NCC migration via a novel mechanism involving the gap junctional protein connexin43. As this putative
target is known to be particularly important for NCC migration in vivo,
this mechanistic hypothesis will be further investigated.

1645 A Mixture of 18 Anti-Androgens at

Concentrations below Individual Chemical
Effect Levels Produces Reproductive Tract
Malformations in the Male Rat

J. M. Conley, C. R. Lambright, N. Evans, M. C. Cardon, V. S. Wilson,
and L. E. Gray. US EPA, Research Triangle Park, NC.
Human and environmental exposures to chemicals likely occur as
complex mixtures and at relatively low doses of each component
chemical. However, there is scientific disagreement as to whether
adverse effects result when each component chemical is at or below
its no observed effect level (NOEL). Here, we tested the hypothesis that
in utero exposure to a mixture of anti-androgenic chemicals, covering
multiple mechanisms of action (e.g., receptor antagonism, inhibition of
steroid hormone synthesis) and at low doses of each component chemical, would result in permanent reproductive tract alterations in the male
rat. Pregnant dams were dosed by oral gavage during the masculinizing window with a dilution (100, 50, 25, 12.5, or 6.2%) of a mixture
containing p,p’-DDE, linuron, prochloraz, procymidone, pyrifluquinazon,
vinclozolin, finasteride, flutamide, simvastatin, and 9 phthalates
(dipentyl, dicyclohexyl, di-2-ethylhexyl, dibutyl, benzyl butyl, diisobutyl,
diisoheptyl, dihexyl, and diheptyl). The top dose contained each chemical at 20% of its respective lowest observed effect level (LOEL) for the
most sensitive reproductive developmental outcome from the literature. Male offspring displayed reduced ano-genital distance (12.5, 25,
100%), retained nipples (12.5-100%), and delayed puberty (100%). Adult
males in the 100% dose group exhibited effects such as cleft phallus,
hypospadias, retained nipples, undescended testes, vaginal pouch, and
reduced weight in all tissues assessed (except paired Cowper’s glands).
Milder developmental abnormalities were present in the 12.5-50% dose
groups such as retained nipples, reduced epididymal sperm counts,
and reduced tissue weights. Levator ani-bulbocavernosus muscle was
the most sensitive endpoint with all treatment groups (6.25-100%) displaying significantly lower tissue weights as compared to controls. At
the lowest dose (6.25%), each chemical was ~80-fold below its respective LOEL, which is considerably lower than would be anticipated to
produce any individual chemical effects. It appears the chemicals in the
mixture acted in at least a dose additive manner, which supports the
hypothesis that a mixture of anti-androgenic chemicals can produce
adverse developmental reproductive effects even if each compound is
administered below its NOEL. Abstract does not reflect US EPA policy.

1646 Prenatal Phthalate Mixture Exposure Adversely
Affects Female Reproduction in Mice

C. Zhou, L. Gao, and J. A. Flaws. University of Illinois, Urbana, IL.
Phthalates are used in a large variety of products, such as building
materials, medical devices, and personal care products. Most studies
on phthalates have focused on single phthalates and not mixtures. It is
important to study mixtures because humans are exposed to phthalate
mixtures on a daily basis. Thus, we tested the hypothesis that prenatal
exposure to an environmentally relevant phthalate mixture adversely
affects reproductive and birth outcomes in mouse female offspring. To
test this hypothesis, pregnant CD-1 dams were orally dosed with vehicle
(tocopherol-stripped corn oil) or a phthalate mixture (20 and 200 µg/kg/
day, 200 and 500 mg/kg/day) daily from gestational day 11 to birth. The
mixture was based on the composition of phthalates detected in urine
samples from pregnant women in Illinois. The mixture included 35%
diethyl phthalate, 21% di(2-ethylhexyl) phthalate, 15% dibutyl phthalate,
15% diisononyl phthalate, 8% diisobutyl phthalate, and 5% benzylbutyl
phthalate. Female mice born to the exposed dams were subjected to
fertility tests at 3, 6, and 9 months of age. For each fertility test, the
cyclicity of the females was monitored for two weeks before each fertility test and then the time to pregnancy, pregnancy complications, and
birth outcomes were recorded. The results show that at 3 months of age,
phthalate exposure at all doses disrupted estrous cyclicity in the female
offspring by increasing the days they spent in estrus (n = 10-12, p<0.05)
and decreasing the days spent in metestus and diestus compared to
controls (n = 10-12, p<0.05). At 6 months of age, phthalate mixture (20
µg/kg/day, 200 and 500 mg/kg/day) decreased the time the mice spent
in proestrus, but increased the time the mice spent in estrus (500 mg/
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to increases in heterotopia size in the brains of offspring. Taken together,
these data show the potential of in vivo assessments and quantitative
modeling to predict the development of a structural brain malformation
and demonstrate the utility of qAOP approach to evaluate brain deficits
that may result from exposure to other TH disruptors. Does not reflect US
EPA policy.

kg/day) compared to controls (n = 10-12, p<0.05). In contrast, at 3, 6,
and 9 months, phthalate mixture did not affect fertility parameters or
birth outcomes compared to control (n = 9-12, p>0.05). Interestingly,
phthalate mixture exposure reduced the rate of becoming pregnant
after successful mating, induced pregnancy loss, dystocia, giving birth
to dead pups, and failure to nurse neonatal pups during all three fertility
testing periods. Collectively, these results indicate that prenatal exposure to an environmentally relevant phthalate mixture disrupts estrous
cyclicity and induces fertility problems in F1 females compared to controls. Supported by NIH P01 ES022848 (JAF), EPA RD-83459301 (JAF),
and an Environmental Toxicology Fellowship (CZ).

1647 Comparison and Analysis of Toxcast Data with In
Vivo Data for Food-Relevant Compounds Using
The Risk21 Approach

A. E. Turley2,4,, K. Isaacs5, B. Wetmore5, A. Karmaus3, M. Embry1,
and M. Krishan2. 1ILSI-HESI, Washington, DC; 2ILSI-North America,
Washington, DC; 3Integrated Laboratory Systems, Inc., Durham,
NC; 4Michigan State University, East Lansing, MI; and 5US EPA,
Durham, NC.
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The ToxCast program has generated a wealth of in vitro high throughput
screening (HTS) data for a large number of compounds, providing a
unique resource of information on chemical bioactivity. With analyses
of these data ongoing, best approaches for the interpretation and use of
the ToxCast data, including for safety assessment of food-related compounds, remain to be evaluated. To fill this gap, we present case studies
of two food-related compounds. The ToxCast and in vivo toxicity data
were compared using the RISK21 approach to evaluate their potential
use in chemical safety assessment. RISK21 is an exposure-driven flexible
risk assessment framework that allows for the simultaneous evaluation
of exposure and toxicity data. Prior work examined all food-relevant
compounds in ToxCast and showed that some food contact substances
have higher bioactivity in ToxCast assays relative to direct food additives. Two food contact substances, sodium pyrithione and dibutyltin
dichloride, were selected for this study. Available exposure data, toxicity
data, and model predictions were compiled and analyzed for both compounds. In vitro to in vivo extrapolation (IVIVE) was performed to determine oral equivalent doses for the ToxCast data. For sodium pyrithione,
concentrations that elicited bioactivity in ToxCast assays corresponded
to low- and no- observed adverse effect doses in in vivo animal studies.
For dibutyltin dichloride, the concentrations that elicited bioactivity in
ToxCast were below the doses that demonstrated toxicity in animals;
however, this was confounded by the conservative pharmacokinetic
parameter estimates used in the IVIVE calculations due to a lack of pharmacokinetic data. For both compounds, no specific mode of action was
identifiable from the ToxCast data, and the exposure data needed for
risk assessment were limited. These studies highlighted the potential
promise of the ToxCast approach while also demonstrating gaps in
knowledge surrounding the ToxCast data. Key gaps in using the ToxCast
data included the lack of coverage of many biological targets, and the
lack of pharmacokinetic data.

1648 Intraneuronal Delivery of a Single Domain

Antibody Prevents Death to Lethal Doses of
BoNT/A in a Murine Model of Botulism

E. Vazquez-Cintron2, L. Tenezaca1, C. Angeles1, P. McNutt2, P. Band1,
and K. Ichtchenko1. 1New York University School of Medicine, New
York, NY; and 2US Army Medical Research Institute of Chemical
Defense, Edgewood, MD.
Botulinum neurotoxins (BoNTs) are the most potent poisons known,
with an estimated human median lethal dose (LD50) of 0.1 to 1 ng/kg.
BoNTs cause clinical symptoms of botulism by interfering with neuromuscular communication, resulting in flaccid muscle paralysis, respiratory failure, and death in the absence of supportive care (e.g., ventilatory
support and parenteral feeding). Presently, passive immunization using
antibody-based antitoxin to neutralize toxin that is in the blood stream
is the only US FDA approved treatment for exposure to BoNTs. However,
once neuromuscular symptoms of botulism appear, there are no treatments to prevent the progression of disease. Here we demonstrate a
novel therapeutic approach using an atoxic derivative of BoNT serotype
C as a “Trojan horse” to deliver function-blocking, single-chain antibodies to the presynaptic compartment of motor neurons (Cyto-111).
Cyto-111 retains the functional and structural properties of its wild-type
predecessor. A single dose administration of Cyto-111 prevents death
in 70-100% of mice exposed to 2 LD50 of BoNT/A. Strikingly, Cyto-111
provided full protection when administered after the emergence of
respiratory symptoms of botulism; a time point at which antitoxin treatment was completely ineffective. Clinical symptoms of toxemia resolved
within 8 days of Cyto-111 treatment, and weight gain resumed between

days 7 to 10. Rebound of symptoms was not observed among Cyto111 treated survivors through 42 d. Cyto-111 is the first therapeutic to
reverse symptoms of botulism and prevent death following exposure
to lethal doses of BoNT/A. These results suggest that the neuron-specific tropism of atoxic BoNT/C can be exploited as a versatile molecular vehicle for delivery of therapeutic cargoes to neuronal cytosol.
Disclaimer: The views expressed in this abstract are those of the authors and
do not reflect the official policy of the Department of the Army, Department
of Defense, or the US Government. The experimental protocol was approved
by the IACUC at NYU School of Medicine and all procedures were conducted
IAW the principles stated in the Guide for the Care and Use of Laboratory
Animals and the Animal Welfare Act of 1966 (P.L. 89-544), as amended. This
work was supported by NIH Grant # 5R01A1093504-04 (KI) and CytoDel,
LLC.

1649 Prediction of Cholestatic Hepatotoxicity: Role of
Transporter Regulation and Adaptive Response

J. P. Jackson, K. M. Freeman, W. W. Friley, R. L. St. Claire, and K. R.
Brouwer. Qualyst Transporter Solutions, Durham, NC. Sponsor: D.
Kemp.
Impaired canalicular efflux of bile acids (BA) has been postulated to
play a role in drug-induced liver injury (DILI). Cholestatic DILI potential
in humans has been associated with bile salt export pump (BSEP) inhibition; however, in vitro BSEP inhibition potency determinations have
not been demonstrated to strongly correlate with in vivo cholestatic
DILI severity. In vivo concentrations of BA are tightly regulated through
synthesis, metabolism and transport mechanisms. A potential explanation for this lack of in vivo correlation is that past studies have focused
on acute interactions without evaluating the potential for adaptive
responses (chronic interactions) of the hepatocyte. Chenodeoxycholic
acid (CDCA) was used as a model BA to evaluate the concentration (72
hour exposure) and time course of effects of chronic BA exposure on BA
disposition in Transporter Certified sandwich-cultured human hepatocytes (SCHH). B-CLEAR® technology was used to assess the hepatobiliary disposition of d8-TCA, d5-GCDCA (endogenously generated), and
the intracellular total bile acid (endogenously generated) pool in SCHH
following 1, 3, 6, 12, 24, 48 and 72 hours exposure to 100 µM CDCA
or d5-CDCA. The mRNA content of key regulatory factors, synthetic
enzymes, and transport proteins for BA was determined. Following 72
hours of exposure to CDCA, no marked changes were observed in mRNA
content of bile acid uptake transporters; however, induction of BA efflux
transporters OSTα (3.1-6.8X), OSTβ (21-187X), and BSEP (2.2-7.5X) mRNA
content was observed. An increase in the fraction of the total endogenous BA pool in the media was increased. The intracellular concentration (ICC) of both d8-TCA and d5-GCDCA following treatment with
the solvent control remained relatively unchanged. Exposure to 100 µM
CDCA, reduced the ICC of both d8-TCA and d5-GCDCA at each exposure
time, and to 10.7% of control and 14.4% of control, respectively, after
72 hours of exposure. The ICC of the total bile acid pool was reduced
to < 25% of solvent control. Exposure to CDCA decreased the CYP7A1
mRNA, and increased the mRNA content of BSEP and OSTα/β. Likewise,
the total BA pool was decreased, and the fraction of the total BA pool
in the media was increased. Evaluation of both the acute and chronic
interactions in the adaptive response may allow for improved prediction
of cholestatic hepatotoxicity due to alterations in bile acid disposition.

1650 Identification of Hazards for Drug-Induced Liver
Injury (DILI) for TAK-875 Compared to JNJB44209998

M. A. Otieno2, J. Snoeys1, W. Lam2, M. Player2, A. Pocai2, M. Singer2,
D. Simic2, K. Wu2, H. Skaggs2, B. Singh2, F. Xu2, R. Salter2, and L.
Heng-Keang2. 1Janssen Pharmaceuticals (J&J), Beerse, Belgium;
and 2Janssen Pharmaceuticals (J&J), Spring House, PA.
TAK-875, a GPR40 agonist, was withdrawn in Phase III clinical trials due
to drug-induced liver injury (DILI) that was presumably idiosyncratic
in nature. A weight of evidence approach was taken to retrospectively
identify nonclinical DILI hazards (covalent binding burden (CVB), nonclinical liver signal, hepatic transporter inhibition, and mitochondrial
toxicity) associated with TAK-875 and was compared to a proprietary
GPR40 agonist JNJB-44209998 (JNJB-9998). The acylglucuronide (AG)
and, possibly an acyl CoA thioester, was identified as the reactive species
contributing to a CVB for TAK-875 of 2.0 mg/day (above threshold
of 1mg/day for DILI risk), compared to 0.32 mg/day for JNJB-9998.
Formation of TAK875-AG in hepatocytes was in the order of dog~cyno >
human > > rat, and in vivo, TAK-AG (liver or plasma) normalized to dose
was greater in dogs and cynos compared to rats. These data indicate
that non-rodents, and presumably humans, form TAK875-AG more efficiently than rats, suggesting that AG-mediated findings in rats at high
doses could be used for risk assessment. In repeat-dose studies in rats,

1651 Evaluation of Species-Specific Drug-Induced

Liver Injury in 3D Rat, Dog, Monkey, and Human
Liver Microtissues

M. Kijanska, K. Rössger, J. M. Kelm, and S. Messner. InSphero Ag,
Schlieren, Switzerland.
Among the most frequent adverse drug effects is drug-induced liver
injury generated by species-specific susceptibilities mediated by xenobiotic metabolism and/or the occurrence of idiosyncratic drug hepatotoxicity. The early identification of species-specific, unfavourable drug
effects on the liver will aid more efficient drug development. To achieve
this goal we developed and tested 3D Liver Microtissues from different
species, including Rat, Dog, Monkey and Human, each species in co-culture with non-parenchymal Kupffer cells. In addition, we developed a
unique culture media, which allows the direct comparison of obtained
IC50 values between species, since we eliminated the main differences
in species-specific culture media developed previously. Utilizing this
optimized media, the DILI test compounds Ambrisentan, Sitaxsentan,
Entacapone, Tolcapone, Rosiglitazone, Troglitazone, Chlorpromazine
and Ketoconazole were exposed for 7 days on the different 3D liver
microtissues. The negative control drugs Ambrisentan and Entacapone
did not show signs of DILI, which is in concordance with human in
vivo data. The positive control compounds Sitaxsentan, Tolcapone,
Rosiglitazone, Troglitazone, Chlorpromazine and Ketoconazole, showed
dose-dependent toxicity, however, with differences between species.
For example rat and monkey liver microtissues were less sensitive
towards Sitaxsentan and Troglitazone, whereas dog liver microtissues
were more sensitive towards Tolcapone and Troglitazone than human
liver microtissues. Taken together these results demonstrates the suitability of pre-clinical species-specific toxicity testing in vitro, which
appear to be a promising tool for the detection DILI and the evaluation
of species-specific drug effects.

1652 Microengineered Co-Cultures of Primary Human
Hepatocytes and Kupffer Macrophages for
Investigating Drug-Induced Liver Injury

C. Lin2,1,, and S. R. Khetani2. 1Colorado State University, Fort Collins,
CO; and 2University of Illinois at Chicago, Chicago, IL. Sponsor: Y.
Will.
Drug-induced liver injury (DILI) is a leading cause of drug attrition but is
known to vary across patients. One source of inter-individual variability
is proinflammatory cytokines that modulate levels of drug metabolism
enzymes, which can lead to altered drug disposition and increased susceptibility to DILI. Given species-specific differences in drug metabolism
pathways, primary human hepatocytes (PHHs) are utilized for assessing
compound toxicity. However, PHH monolayers on adsorbed collagen
rapidly decline in phenotypic functions and lack Kupffer macrophages
(KMs), the resident inflammatory cells of the liver. Thus, we engineered
micropatterned cocultures (MPCC) that can keep both PHHs and KMs
highly functional for long-term drug studies. Rat tail collagen I was patterned into circular domains onto tissue culture plates. PHHs selectively
attached to the collagen domains and were then surrounded by supportive murine embryonic 3T3-J2 fibroblasts to establish MPCCs. PHHs
in MPCCs were functionally stabilized for a week prior to KM seeding
at PHH:KM ratios of 10:1 (reduced inflammation) or 10:4 (inflammatory state). In these ‘MPCC-KMs’, hepatic (albumin, urea and CYP3A4)
and macrophage (bioparticle uptake via phagocytosis) functions were
assessed over several weeks with/without stimulation with the bacterial toxin, lipopolysaccharide (LPS). The addition of KMs to MPCCs, even
when using different donors for each cell type, did not significantly
affect hepatic functions unless the cultures were stimulated with LPS
for 24 hours. CYP3A4 activity decreased as assessed by midazolam clearance and luciferin production from CYP3A4-Glo, and the levels of proinflammatory cytokines (IL-6 and TNF-α) in the supernatants increased

following LPS stimulation. When MPCC-KMs were dosed with prototypical toxins (chlorpromazine, clozapine, mexiletine, and trovafloxacin),
LPS stimulation led to increased hepatotoxicity as assessed by albumin/
urea secretion and degradation of PHH morphology as compared to
non-LPS-stimulated MPCC-KMs. Non-toxins (aspirin, buspirone, and
levofloxacin) did not show a similar synergy between drug-induced
toxicity and LPS stimulation. In conclusion, MPCC-KMs have utility in
evaluating drug-mediated hepatotoxicity over long-term culture in the
presence of KMs that can be maintained in quiescent or proinflammatory states.

1653 Mechanistic Study of Acetaminophen-Induced

Liver Injury Using a 3D Bioprinted Human Liver
Tissue Model

M. Ohbuchi1, K. Tetsuka1, M. Nagata2, H. Moriguchi1, E. Kobayashi1,
Y. Nagasaka1, and K. Tabata1. 1Astellas Pharma Inc., Tsukuba,
Japan; and 2Astellas Research Institute of America, Skokie, IL.
Sponsor: H. Naraoka.
Introduction: Three-dimensional (3D) bioprinters enable alignment
of different cell types in a spatially controlled manner. Overdosing of
acetaminophen (APAP) causes fatal liver injury. This hepatotoxicity is
thought to involve a reactive metabolite of APAP, NAPQI. We investigated the mechanism of APAP-induced liver injury using a 3D human
liver tissue model (3DHLT). Methods: The exVive3D human liver tissue
model (Organovo Inc., San Diego, CA) was used as a 3DHLT. Long-term
effect of APAP exposure was evaluated using APAP exposure periods
of 1, 7, 14, and 28 days. In addition, APAP was intermittently dosed
for 14 days with daily 1.5-, 6-, or 24-h exposure for toxicokinetics-toxicodynamics (TK-TD) analysis. Intracellular ATP level was assessed as
a TD marker. APAP metabolites in culture media and APAP-protein
adducts in tissues were measured using LC-MS/MS. Results: APAP
decreased ATP levels in 3DHLTs in a concentration- and dosing period-dependent manner. In TK-TD study, nominal AUC of APAP was well
correlated with an ATP decrease rather than nominal concentration.
These results suggest that APAP causes AUC-based hepatotoxicity. In
the culture media, APAP glucuronide and sulfate were determined as
major metabolites. Glutathione (GSH) and related conjugates were also
detected in media, suggesting NAPQI was trapped by intracellular GSH.
All major metabolites of APAP identified clinically were detected in
3DHLTs. APAP-protein adducts in tissues increased in a concentrationand dosing period-dependent manner, especially at clinically relevant
plasma concentrations of APAP. APAP-protein adduct levels were well
correlated with a %decrease in ATP. Thus, APAP-induced liver injury predominantly involves NAPQI. Discussion: DHLTs show 1) APAP metabolism in humans, 2) accumulated protein adducts after repeated dosing,
and 3) significant relationship between protein adducts and hepatotoxicity. 3DHLTs are a useful model to investigate mechanisms of drug-induced liver injury due to reactive metabolites. Our in vitro studies reflect
clinical liver injury due to repeated supratherapeutic doses of APAP in
patients. (Ann Emerg Med 44, 393-8)

1654 A New Molecular Entity CX1-7 Targeting C-metInduced Liver and Kidney Injury in Rats

L. Gong, G. Huang, C. Li, Y. Cheng, Q. Qin, M. Du, J. Sun, H. Liu, M.
Geng, and J. Ren. Shanghai Institute of Materia Medica, Chinese
Academy of Sciences, Shanghai, China.
New molecular entity CX1-7 is a c-Met inhibitor showing promising antitumor activities both in vitro and in vivo. The purpose of this study was
to identify potential target organ(s) and assess toxicity caused by once
daily administration via oral gavage of the CX1-7 in Sprague Dawley (SD)
rats for 4 days. A total of 12 SD rats were randomly divided into 3 groups
with 2/sex/group. The dose levels were 0 (vehicle control), 72 and 360
mg/kg/day. Results were summed up as follows. One female rat at 360
mg/kg/day was found died during dosing period. Rats appeared with a
slight rough-coat and a slight decrease in activities in both sexes dosed
at all CX1-7 dosing groups. Decreases in body weight were observed
with dose-relationship accompanied by decreases in food consumption.
Mild increases in neutrophils and monocytes, as well as slight decreases
in reticulocytes were observed in both dose levels. Dose-related moderate-to-marked increases in alanine aminotransferase, aspartate aminotransferase, glutamate dehydrogenase, total bilirubin, triglycerides, and
slight decreases in total protein, albumin, the ratio of albumin to globulin (A/G) were observed accompanied by slight-to-moderate increases
in creatinine and urea in both sexes. The treatment-related increases
in weight were present in liver and kidney at 360 mg/kg/day. Taken
together, the results demonstrated that hepatotoxicity and nephrotox-
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both TAK-875 and JNJB-9998 formed significant amounts of AG metabolites (33 - 50 μM) in liver that were associated with increases in ALT, conjugated bilirubin, and bile acids, and microscopic findings in liver (hepatocellular hypertrophy with eosinophilic cytoplasm, necrosis. These
changes could partially be explained by inhibition of rat hepatic uptake
and efflux transporters. AG metabolites are substrates for Mrp2, and saturation of their biliary efflux via Mrp2 inhibition could result in liver AG
accumulation. AG metabolites for both compounds were more potent
at human hepatic efflux transporters compared to rat transporters, and
notable were inhibition at human MRP2, MRP3, and MRP4, which may
influence AG disposition. TAK-875 and its AG moderately inhibited BSEP,
while JNJ-9998 and its AG were inactive.TAK-875 and JNJB-9998 also
inhibited mitochondrial respiration in vitro. In summary, DILI by TAK-875
may be mediated by liver accumulation of a reactive TAK875-AG. JNJB9998 was significantly less reactive than TAK-875.

icity were the important toxic effects in rat orally treated with CX1-7 for 4
days. Consequently, the maximal tolerance dose (MTD) was determined
as 72 mg/kg/day for female rats and 360 mg/kg/day for male rats, which
were about 4 and 20 times the effective dose in tumor-bearing mice
based on body surface area, respectively.

1655 Evaluation of a HepaRG-Based In Vitro Assay for
the Detection of Drug-Induced Cholestasis

C. Krause, E. Blomme, and M. J. Liguori. AbbVie, North Chicago, IL.
Drug-induced cholestasis (DIC) is not uncommon in the clinic and early
DIC detection would be very beneficial for the discovery and development of safe drugs. Traditional animal models are not very predictive of cholestasis in humans, partly because of biological differences.
Moreover, there are limited robust in vitro methods to predict DIC. A
recent in vitro model for DIC detection uses primary hepatocytes in a
sandwich configuration incubated with test compounds in the presence or absence of a concentrated bile acid mixture, and a DIC Index
(DICI, a measure of the relative reduction in cellular function) as output.
This model was evaluated as part of the European Federation of
Pharmaceutical Industries and Associations (EFPIA) Innovative Medicine
Initiative project MIP-DILI. Here, we modified this assay by using the
HepaRG cell line and tested several compounds with or without known
cholestasis risk at several relevant concentrations: four compounds
with clinical cholestasis reports (troglitazone, cyclosporin A, chlorpromazine, bosentan), one toxicant inducing biliary injury (ANIT), two
non-cholestatic compounds known to induce hepatocyte injury (APAP,
perhexiline), and one compound linked to rare instances of liver injury
in humans (pioglitazone). Albumin and ATP production were used as
parameters to assess the overall functionality and integrity of the cells
and DICIs were calculated. Based on change relative to the vehicle,
the assay correctly predicted 5/5 cholestasis positive compounds and
2/3 cholestasis negative compounds. Results were repeatable. These
data suggest that this modified in vitro model for the detection of DIC
is useful for hazard identification (i.e., cholestasis liability) during lead
optimization. Author Disclosures: All authors are employees of AbbVie. The
design, study conduct, and financial support for this research was provided
by AbbVie. AbbVie participated in the interpretation of data, review, and
approval of the publication.
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1656 Preclinical Cardiovascular Safety Screening–A
Retrospective Analysis of Biogen Cardiac Ion
Channel Data

A. Easter, E. Tien, N. Kim, K. Chicoine, D. Aleksandrowicz, and J.
Fikes. Biogen, Cambridge, MA.
Off-target activity at cardiac ion channels can result in adverse effects
including electrocardiogram (ECG)/conduction abnormalities and contractility issues. Consequently, in vitro screening of discovery-phase
compounds at ion channels is performed as an early assessment of this
risk. We assessed the effects of 308 Biogen small molecules at hERG,
hNav1.5 and hCav1.2 channels using automated patch-clamp recording
from Chinese Hamster Ovary (CHO) cell lines heterologously expressing
one of these channels (Q-Patch; Charles River Laboratories, Cleveland,
Ohio). Inhibition of the hERG current was assessed over the concentration range 0.3 to 30 µM, log concentration-effect curves were constructed and IC50 values determined. The IC50 value corresponds to the
concentration of a compound that will block 50% of the hERG current.
Activity at hCav1.2 and hNav1.5 was assessed at a single concentration of
10 µM, data were expressed as % inhibition. Inhibition of >50% indicates
that the IC50 values would be <10 µM. 195/308 (63%) of the compounds
had a hERG IC50 value <10 µM. Compounds were less active at hNav1.5
and hCav1.2, ≈25% of compounds were predicted to have an IC50 value
<10 µM. 37% of compounds with a hERG IC50 <10 µM also inhibited
at least one other channel by >50% at 10 µM. In contrast, only 6% of
compounds with hERG IC50 >10 µM inhibited >50% of hCav1.5/hNav1.2
current. We have demonstrated a clear link between hERG potency and
activity at other ion channels. Consequently, we revised our cardiac
ion channel screening strategy to focus on hERG IC50 determination as
the primary screen, with hNav1.5/hCav1.2 used as follow-up screens for
a more limited number of compounds. This has resulted in significantly
reduced costs with a minimal increase in the risk of ion channel-mediated cardiovascular adverse events.

1657 A Predictive Electrophysiological Assay on
Human iPSC-Derived Cardiomyocytes for
Comprehensive Cardiac Safety/Toxicity
Assessment

G. Froget, Q. Avril, C. Legrand, V. Castagne, and S. Goineau. Porsolt
Sas, Le Genest Saint Isle, France.
The investigation of the effects of new chemical entities on human
induced pluripotent stem cell derived cardiomyocytes (hiPSC-CMs) is
part of the Comprehensive in vitro Proarrhythmia Assay (CiPA). In this
context, evaluation of electrophysiological activity of cardiomyocytes
using multi-electrode array (MEA) technology constitutes a promising
assay to predict cardiac adverse effects. Cardiomyocytes (Cor 4U®
Axiogenesis) were cultured in monolayers on 6-well MEAs plates. Field
potential was recorded from spontaneously beating cardiomyocytes on
the MEA-2100 system (MultiChannel Systems). Total spike amplitude
(SA, µV), field potential duration (FPD, ms) and spontaneous beat rate
(bpm) were recorded. The FPD was subsequently corrected (FPDc) using
Fridericia’s formula (FDP/3√RR, where RR=inter-spike interval). Cisapride
(3-300 nM), dofetilide (1-100 nM), sotalol (1-100 µM), verapamil (3-300
nM), nifedipine (0.01-1 µM), quinidine (0.1-10 µM), flecainide (0.03-3
µM) and lidocaine (1-100 µM) were each evaluated at 5 ascending concentrations. The data are expressed in percent change from baseline
(n=4 to 10 wells). Cisapride (FPDc +18%, SA -15% at 100 nM), dofetilide
(FPDc +38%, SA -24% at 10 nM), sotalol (FPDc +47%, SA -25% at 30 µM),
quinidine (FPDc +31%, SA -63% at 10 µM) and flecainide (FPDc +22%,
SA -73% at 3 µM) lengthened FPDc and decreased SA. Cisapride, dofetilide and sotalol also induced arrhythmias at the highest tested concentrations. Verapamil (-48% at 300 nM) and nifedipine (-52% at 1 µM)
concentration-dependently shortened FPDc. Finally, lidocaine markedly
decreased SA at 100 µM (-70%). These findings show that hiPSC-CMs
evaluated using a MEA platform provide predictive cardiac electrophysiology data, addressing the needs of pharmaceutical drug development
during early safety pharmacology studies.

1658 Kinase Inhibitor-Induced Cardiotoxicity: Seeking
Culprit Kinases Using Cellular Impedance
and Kinase Inhibitors with Kinome Selectivity
Profiles

C. W. Scott2, S. Lamore2, M. Lamb2, C. Chuagui2, S. Boyer1, J.
Sagemark1, L. Carlsson1, E. Ahlberg1, and M. Peters2. 1AstraZeneca,
Gothenburg, Sweden; and 2AstraZeneca, Waltham, MA.
The protein kinase enzyme family has proven to be a fertile class of drug
targets, with many kinase inhibitors being approved to treat a variety of
clinical conditions. However, developing inhibitors of this enzyme family
is not without challenges: cardiovascular (CV) toxicity is frequently
observed due to off-target inhibition within this large enzyme class.
Improving kinase selectivity first requires identifying the ‘offending’
kinase(s), i.e. requires an in vitro assay using tissue-relevant cells (preferably human) and with the throughput to screen kinome-spanning
compound sets. To link kinase inhibition with CV toxicity the assay must
have a functional readout that is downstream of the excitation-contraction cascade and capable of capturing the pleiotropic effects of kinases.
We used real-time cellular impedance technology to quantify kinase
inhibitor (KI)-induced changes in the spontaneously beating profile of
human IPSC-derived cardiomyocytes (CM) cultured in 96-well plates.
Effects on CM beating were evaluated using two panels of KIs (65 and
160 compounds) whose kinome selectivity has been published. Neither
KI promiscuity nor physical-chemical properties correlated with changes
in CM beating. The impedance and kinome selectivity results were
interrogated using machine learning methods to identify culprit kinase
profiles. Forty five kinases were identified as contributors to functional
CV toxicity by recursive partitioning or feature importance algorithms.
Sufficient siRNA knockdown of 30 individual kinases was achieved and
confirmed effects on beating. A subset of these kinases upon knockdown in CM caused changes in action potential duration and/or calcium
flux, verifying a role in CM beating and indicating distinct mechanisms
of action. Ultimately, this study will lead to the development of a model
to predict KI CV toxicity thus enabling drug discovery programs to
design-in CV safety.

5α-Dihydrotestosterone Shorten Field Potential
Duration and Action Potential Duration in iPSCDerived Human Cardiomyocytes

L. Pang2, J. Huo2, B. Lyn-Cook2, A. Szarfman1, and N. Stockbridge1.
1US FDA/CDER, Silver Spring, MD; and 2US FDA/NCTR, Jefferson, AR.
Women are 2-3 times more likely than men to experience drug-induced
QT prolongation and torsade de pointes (TdP). Clinical and animal
studies suggest that sex hormones, particularly testosterone, are the
main determinants of sex disparities in the ventricular repolarization
process and drug-induced TdP. Acute application of physiological levels
of testosterone shortened action potential durations (APD) in guinea
pig ventricular myocytes by suppressing the L-type calcium current and
enhancing the slow delayed rectifier potassium current via a non-genomic pathway. However, because of species differences in cardiac ion
channel gene expression, it is unclear whether a similar mechanism also
contributes to sex differences in drug-induced QT prolongation and TdP
in humans. Induced pluripotent stem cell-derived human cardiomyocytes (iPSC-hCMs) are valuable models to study drug-induced proarrhythmia. In this study, we evaluated time-and dose-related changes in
Field Potential Durations (FPD) in male iPSC-hCMs in response to 5α-dihydrotestosterone (5α-DHT). We found that physiological concentrations of 5α-DHT shortened FPD at 18+ hours post-hormone addition.
Perforated whole-cell patch-clamp recordings confirmed that 40 nM
5α-DHT shortened the APD60 and APD90 of iPSC-hCMs at 20-24 hours
post-hormone addition (458 ± 67 ms vs. 536 ± 40 ms and 582 ± 76 ms vs.
693 ± 74 ms, for APD60 and APD90, respectively, externally paced at 1 Hz,
n = 7, p < 0.05). Dofetilide (a hERG channel blocker) increased APD60 and
APD90, but the responses were much smaller in 5α-DHT treated cells as
compared with hormone-free medium treated control cells (8 ± 8% vs.
18 ± 8% and 33 ± 14% vs. 59 ± 17%, p < 0.05, for the % change of APD90
to the challenges of 3 and 10 nM dofetilide, respectively). The results of
this study are consistent with clinical observations that men exhibit a
shorter QTc interval and a reduced propensity toward TdP. The molecular mechanism of 5α-DHT on FPD and APD shortening in iPSC-hCMs
will be further evaluated.

1660 Evaluation of Simultaneous Impedance and

Field Potential Measurements of hIPSCCardiomyocytes with and without Pacing for
Drug-Induced Cardiac Liability Prediction

M. Huang, H. Shi, and P. Levesque. Bristol Myers Squibb,
Pennington, NJ. Sponsor: L. Lehman-McKeeman.
Drug-induced cardiac adverse events in patients continue to be a serious
issue and it’s important to pursue new assays to better predict human
risk. To this end, instrumentation that enables simultaneous recording
of impedance and extracellular field potentials was used together with
human IPSC-derived cardiomyocytes (CMs) to evaluate effects of cardiotoxicants on cardiac functional parameters including beat rate, contractility, field potential duration (FPD) and pro-arrhythmia. In addition, the
influence of pacing on contractility and FPD measurements was evaluated. CMs from three different vendors (CDI iCell, Axiogenesis Cor4U &
Pluriomics) and several classes of compounds including hERG, Ca and
Na channel inhibitors, a Ca channel activator, a positive inotrope, and
a myosin activator and inhibitor were evaluated. For ion channel reference agents, the contractility and field potential results in all three
CMs generally translated well with known electrophysiologic effects,
suggesting that ion channel function is similar between CM sources and
similar to adult cardiomyocytes. Pacing was able to demonstrate classic
reverse rate-dependent prolongation of FPD by dofetilide. The positive
inotrope and β-adrenergic agonist isoproterenol increased beat rate,
and increased impedance amplitude (surrogate of contractility) only
in paced CMs, whereas the Ca channel activator BayK8644 decreased
beat rate and increased contractility in both paced and unpaced CMs.
This suggests that increased beat rate can mask effects of a compound
on contractility. The myosin activator omecamtiv mecarbil increased
duration of contraction substantially, with a smaller effect on impedance amplitude, and with minimum change on beat rate and field
potential duration (FPD). This is consistent with its clinical activity of
prolonging systolic contractions. One difference between CMs from different sources was that higher voltage and longer stimulation time were
needed to pace Pluriomics CMs. Simultaneous impedance and field
potential measurements, with the ability to pace CMs, proved to be a
powerful tool to assess effects of different classes of cardiac reference
agents on heart rate, repolarization and pro-arrhythmia and myocardial
contractility. Combining these measurements is also useful for mechanistic evaluation and differentiating between effects on ion channels or
myofilaments.

1661 Adult Human Primary Cardiomyocytes:
An Integrative Translational Model for
Cardiotoxicity Assessment

N. Nguyen, Y. Miron, P. Ratchada, G. Page, P. E. Miller, A. Ghetti, and
N. Abi Gerges. AnaBios Corporation, San Diego, CA.
Adult human cardiac tissues provide a much-needed integrative preclinical model to reliably assess the toxicity risks of novel drugs. To this
aim, we have established procedures that consistently allow the procurement and experimental interrogation of human heart tissue preparations. In order to further increase the throughput/scalability of the
human ex vivo heart model, we have established novel protocols for
the isolation of adult human primary cardiomyocytes. Each isolation
yields Ca2+-tolerant cells that retain rod-shaped morphology, exhibit
cross striations and contract/relax in response to field electrical stimulation. The cells also display the ability to adapt to changes in pacing frequency. To begin validating the use of these human cardiomyocytes in
predicting drug effects, we have evaluated the effects of quinidine and
verapamil on the excitation-contraction coupling using a digital, cell
geometry measurement system (IonOptix). A comparative set of experiments were performed on dog ventricular myocytes. While IC50 for the
sarcomere shortening-inhibitory effect of quinidine was 11-fold more
potent in human ventricular myocytes (3.6µM, n=5) compared to dog
cells (38µM, n=5) at 1Hz, verapamil’s potency was similar for the human
myocytes (IC50=0.12µM, n=4) to that obtained in dog cells (IC50=0.09µM,
n=4). Moreover, quinidine elicited a significantly higher increase in
time to 90% relaxation in human myocytes compared to dog cells. Proarrhythmia markers (beat escape (BE) and after-contraction (AC)) were
only seen in quinidine-treated human myocytes. Verapamil, however,
elicited a significantly higher increase in time to 90% relaxation in
dog myocytes compared to human cells. No BEs or ACs were seen in
verapamil-treated human or dog myocytes. Thus, our human primary
ventricular myocyte-based model reproduces established electrophysiological characteristics of cardiomyocytes and provides the opportunity
to clearly differentiate between quinidine (a pro-arrhythmic drug) and
verapamil (a non-pro-arrhythmic drug). After successfully validating the
performance of human myocytes, our model has the potential to enable,
for the first time, the generation of human-based cardiotoxicity data at
the preclinical stage. In addition to the study of normal adult myocytes
described in this abstract, the opportunity now exists to assess how
cardiac toxicity risk may be affected by common comorbidities.
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1662 Corneal Wound Healing, Enhanced or Delayed,
by Drugs in an Ex Vivo Human Front of the Eye
Model

R. L. Fisher2, and A. E. Vickers1. 1Human Translational Models LLC,
Irvine, CA; and 2Vitron Inc, Tucson, AZ.
Corneal injury activates an inflammatory response and the release of
mediators to induce healing and reepithelialization. An ex vivo front of
the eye model has been developed to evaluate the extrinsic effects of
drugs administered topically to the eye. Corneal wound repair was evaluated following administration of a drug known to delay corneal wound
healing clinically, diclofenac (DCF) or by the potential accelerants of
wound healing: 1) the lipid mediator lipoxin (LXA4) acts as a second
messenger for EGF to promote proliferation and repair; 2) the opioid
antagonist naltrexone (NTX) promotes cell proliferation and architectural integrity; and 3) the prostacyclin analog cicaprost (CP) modulates
the inflammatory response via activation of the prostanoid IP receptor.
Human eyes were procured with donor consent through Midwest EyeBanks (Ann Arbor, MI) and The Lions Eye Institute for Transplant and
Research (Tampa, FL). The eyes were surgically wounded, 8 mm diameter anterior keratectomy (AK), by scraping the epithelium and part of
the stroma. The anterior segment was then dissected and the front of
the eye cultured in complete medium on a rotating platform to maintain tissue differentiation for several days. Each drug was administered
to one eye of the matched pair (1 drop at 0 and 9 hr): DCF 0.1%, LXA4
100 nM, NTX 1 μM, and CP 0.1%. The initial wound and progression of
wound closure (0, 18 hr) was visualized with 0.015% fluorescein and the
area quantified and compared to the AK vehicle matched eye. Variation
in closure rate was evident across human eye pairs and for compounds.
DCF significantly delayed the rate and area of wound closure in the
human eyes by 50% (n=4) compared to control. For the accelerants
the increase in closure rate ranged from 0-200% for LXA4 (n=3), 10%
for NTX (n=1), and 18-117% for CP (n=3). To further characterize drug
effects, gene expression changes were evaluated following 18 hr of drug
exposure compared to AK controls. Overall, DCF suppressed many cytoskeletal and remodeling genes, and altered several apoptosis genes to
delay healing. The accelerants caused changes in genes associated with
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energy generation, cytokines and chemokines, in addition to cytoskeletal-remodeling and apoptosis. ATP levels, a marker of energy production and mitochondrial function, were increased by the accelerants. This
translational research front of the eye model is relevant for predicting
human response to drugs and wound repair.

1663 The Effect of Different Administration Forms of
the Aminoglycosides on Microbiome-Derived
Metabolites Observed in Rat Blood

C. Behr1, H. G. Kamp1, E. Fabian1, W. Mellert1, V. Strauss1, E. Peter2,
T. Walk2, and B. van Ravenzwaay1. 1BASF SE, Ludwigshafen am
Rhein, Germany; and 2Metanomics GmbH, Berlin, Germany.
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To identify changes in the functionality of the intestinal microbiome
(defined as the production of metabolites absorbed by the host) associated with exposure to antibiotics, we employed plasma metabolomics. Wistar rats were orally exposed to two aminoglycosides and blood
samples were taken for metabolome analysis (with 225 specific metabolites) after 7, 14 and 28 days of treatment. Aminoglycosides (gentamicin and streptomycin) were selected because they have a very low
bioavailability, reducing the risk that plasma metabolome changes may
be caused by systemic toxicity. To further increase the specificity of our
analysis we also administered these compound through a non-oral route
(i.e. intra-muscular - gentamicin and subcutaneous - streptomycin). The
metabolite profiles of the same compound but with different routes of
administration forms were completely different. Following oral administration the most profoundly regulated metabolites (fold change ≥
1.3) were: Gentamicin: coenzyme Q9/10, pyruvate, eicosaenoic acid
(C20:1), docosapentaenoic acid (C22:cis[7,10,13,16,19]5), valine, ketoleucine, hippuric acid, indole-3-propionic acid, normetanephrine, DAG
(C18:1,C18:2), adrenaline. Streptomycin: taurine, malate, salicylic acid,
cholic acid, taurocholic acid, glycochenodeoxycholic acid, isopalmitic
acid (C16:0), taurine, mannosamine, hippuric acid, indole-3-acetic
acid Commonly regulated metabolites were: Valine, Phenylalanine,
Isoleucine, Leucine, Indole-3-acetic acid, Hippuric acid.The results
suggest that the altered metabolites after application of non-bioavailable aminoglycosides are likely to be intestinal microbiome-derived
metabolites and that blood based metabolic profiling could be a suitable tool to investigate the functionality of the microbiome without the
need of measuring metabolites in feces or other microbiome-related
tissues.

1665 Development of a 96-Well Assay for Assessing

Cell Viability in Mouse Small Intestinal-Derived
Organoids after Treatment with Cytotoxic
Compounds

J. Brandon, J. Terc, F. Elstone, C. Farzim, T. Jeng, M. Huber, J.
Damen, R. Conder, A. Eaves, T. Thomas, and S. Louis. STEMCELL
Technologies, Inc., Vancouver, BC, Canada.
The intestinal epithelium is a single cell layer forming the lining of the
gastrointestinal (GI) tract. It is a rapidly renewing tissue composed of
multiple cell types that arise from intestinal stem cells at the base of
the crypts. Recent advances have led to the development of a novel
method for the long-term culture of isolated intestinal crypts in a
three-dimensional (3D) extracellular matrix. This 3D model system of
intestinal-derived organoid culture exhibits the key features of adult
intestinal epithelium, including a crypt-villus morphology, a functional central lumen and all of the major cell types. As these cultures
better represent the physiology of the intestinal epithelium than cell
lines and are not associated with the same costs and ethical considerations as in vivo experiments, organoid cultures may serve as useful
screening tools during drug development. We have developed a 96-well
assay to screen small molecule compounds for toxicity in mouse small
intestinal derived organoids. Crypts isolated from the small intestines
of mice were successfully cultured in Corning Matrigel and IntestiCult
Organoid Growth Medium in a 96-well format. Organoids were seeded
at several densities and treated with varying concentrations of drugs
that cause GI toxicity (Irinotecan, 5-Fluorouracil (5-FU) and Flavopiridol)
and one anti-diarrheal (Loperamide) for 24-72 hours, after which cell
viability was assessed using CellTiter-Glo 3D. Reproducibility of the
assay was assessed once the optimal seeding density (100 crypts/well)
and treatment time (72 hr) was established. The assay was found to be
reproducible, producing similar 50% inhibitory concentrations (IC50) in
repeated experiments with cells from the same animal (e.g., Flavopiridol
IC50=0.13µM +/- 0.04, n=6), cells from different animals (e.g., Flavopiridol
IC50=0.13µM +/- 0.04, 4 animals, n=2) and in experiments carried out
by different users. Intra-assay variability was also low (e.g., Irinotecan
%CV<20% in 5/6 experiments). This 96-well assay may serve as a useful
in vitro tool for investigating potential GI toxicity of candidate therapeutics in biologically relevant conditions during drug development.

1666 A Functional High-Throughput Screen for Drug-
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Induced Modulation of Fatty Acid Oxidation

1664 Toxicity and Mitochondrial Delivery of FlavonolBased CO-Releasing Molecules

H. J. Esquer, T. Soboleva, S. Anderson, L. Berreau, and A.
Benninghoff. Utah State University, Logan, UT. Sponsor: C. Rice.
Our research group previously developed a new class of photo-sensitive, flavonol-based carbon monoxide releasing molecules (CORMs)
that are structurally tunable, exhibit low toxicity and exhibit both oxygen-dependent and independent CO release activity. This next-generation photo-sensitive CORM, called Flav-1, could be therapeutically
useful if CO release can be targeted to mitochondria. We hypothesized
that modification of the Flav-1 structure by addition of triphenylphosphonium (TPP) tail moieties of varying lengths (2 and 8 carbons) would
facilitate targeting of this CORM, and thus CO release, to the mitochondria. Cytotoxicity of TPP-modified Flav-1 was assessed in human umbilical vein endothelial cells (HUVEC) using standard cell viability assays.
Localization of TPP-modified Flav-1, which fluoresces when exposed to
visible light, was determined using confocal microscopy; HUVECs were
co-stained with Hoechst, CellMask Deep Red plasma membrane stain
and MitoTracker Red for visualization of the nucleus, plasma membrane
and mitochondria, respectively. Modification of Flav-1 with either C2 or
C8 TPP moieties did not increase cytotoxicity compared to the parent
Flav-1 compound, though the C8 modification appeared slightly more
cytotoxic than C2, perhaps reflecting greater bioavailability to the cell.
Confocal microscopy of HUVEC cells treated with 100 μM Flav-1:C8 for
4 hr revealed co-localization of the CORM to the mitochondria. Ongoing
work aims to evaluate the impact of CO release from photo-triggered
TPP-modified Flav-1 on generation of reactive oxygen species via uncoupling mitochondrial respiration and subsequent effects on CO-triggered
cell signaling pathways.

C.
T. Xinru1, Y. Will3, and J. Hynes2. 1HD Biosciences,
Shanghai, China; 2Luxcel Biosciences, Cork, Ireland; and 3Pfizer Inc,
Groton, CT.
Carey2,

Fatty acid oxidation (FAO) is the primary metabolic pathway in a variety
of tissues, becoming particularly important during periods of glucose
deprivation. In organs such as liver and skeletal muscle, FAO can provide
over 75% of cellular ATP while in cardiac tissue it can be responsible for
up to 90% of cellular ATP requirements. FAO is also acknowledged as
a key factor in cancer metabolism and is a potential therapeutic target
for type 2 diabetes and obesity; however, it is also a possible site for offtarget drug effects and has been implicated in drug-induced microsteatosis. The ability to screen drug-induced modulation of FAO is therefore
of significant utility when assessing compound efficacy or FAO related
off-target effects. As the primary pathway for the degradation of FAs is
β-oxidation, O2 consumption is an attractive interrogation parameter
for such a screen as it is sensitive to an altered supply of β-oxidation-derived NADH/FADH2. Here we present a high-throughput (96 & 384 WP)
O2 consumption assay for the detection of drug-induced FAO modulation using both isolated rat-liver mitochondria and iPS-derived hepatocytes in both 2D and 3D cultures. Isolated mitochondria are measured
in state 3 in the presence of palmitoyl CoA/carnitine/malate with and
without glutamate/malate and assay validation is demonstrated using a
small compound panel including sodium valproate whereby differential
sensitivity is indicated of FAO modulation. Whole cells are measured in
the presence of L-carnitine and the common dietary 18C unsaturated FA
oleate, with assay performance characterised using a panel of classical
metabolic modulators including CPT-1 inhibitor Etomoxir and uncoupler FCCP. Etomoxir treatment prevents long-chain fatty acid (LCFA)
import, restricting NADH/FADH2 supply and reduing O2 consumption.
FCCP by contrast, dissipates the mitochondrial membrane potential
thereby increasing reducing equivalent demand causing a concomitant
increase in O2 consumption. This increase is not observed where exogenous LCFA is unavailable or where import is inhibited, demonstrating
specific measurement of exogenous LCFA oxidation. Screening performance is determined using a small compound panel with generated
Z’ values of >0.68 for isolated mitochondria and both 2D and 3D cell
models demonstrating that the developed assays facilitate rapid and
robust FAO modulator screening.

of Type 5 17β-Hydroxysteroid Dehydrogenase
(AKR1C3) As Novel Therapeutics to Manage
Castration Resistant Prostate Cancer (CRPC) and
Acute Myeloid Leukemia (AML)

K. Verma1, T. Zang2, T. M. Penning2, and P. C. Trippier1. 1Texas Tech
University Health Sciences Center, Amarillo, TX; and 2University of
Pennsylvania, Philadelphia, PA.
Type 5 17β-hydroxysteroid dehydrogenase, also known as aldo-keto
reductase 1C3 (AKR1C3) catalyzes the downstream conversion of
androgen precursors to the potent androgen receptor (AR) ligands:
testosterone and 5α-dihydrotestosterone. Also known as prostaglandin
(PG) F synthase, AKR1C3 catalyzes the conversion of PGD2 to 11β-PGF2α
and PGF2α prostanoids and hence acts as an important regulator of
myeloid cell proliferation and differentiation. This dual enzymatic action
makes AKR1C3 responsible for the pathogenesis and progression of
CRPC and AML. AKR1C3 also mediates resistance to clinical chemotherapeutics - enzalutamide and anthracyclins. Such activities make AKR1C3
an attractive target for managing CRPC and AML disease progression
as well as therapeutic resistance. Based on a natural product scaffold
‘baccharin’ we conducted a structure-activity relationship (SAR) study
to identify potent and highly selective compounds as AKR1C3 inhibitors. The biological activity and isoform selectivity of all compounds
was identified based on a recombinant enzyme inhibition screen. Lead
compounds were evaluated for cytotoxic effect alone and in combination with clinical chemotherapeutics on CRPC and AML cell lines. Based
on the SAR studies novel AKR1C3 inhibitors were identified that exerted
up to two fold enhanced enzyme inhibitory activity than baccharin with
an increase in the isoform selectivity. Our lead compound, exhibiting
>2800 fold selectivity towards AKR1C3 inhibition is the most selective
AKR1C3 inhibitor ever discovered. Identified leads demonstrated a very
high degree of synergistic drug action when combined with enzalutamide, etoposide, and anthracyclines. Up to 100-fold reduction in chemotherapeutic dosing was achievable in both CRPC and AML cell lines.
Inhibition of AKR1C3 has been proven to be a validated approach for the
management of CRPC and AML and delivering AKR1C3 inhibitors with
clinical chemotherapeutics seems a promising approach to overcome
therapeutic resistance, reduce severe toxicity associated with the use of
chemotherapy drugs and consequently improve patient survival.

1668 Sphingosine-1-Phosphate Receptor 1 (S1PR1)
Agonists Cause Proliferative and Pro-Fibrotic
Changes in Rat Lung

G. L. Gong, V. Bhaskaran, L. LeCureux, and L. Lehman-McKeeman.
BMS, Princeton, NJ.
Sphingosine-1-phosphate, via binding to its receptors, contributes to
vascular barrier integrity. Although S1PR1 signaling increases barrier
integrity, selective S1PR1 agonists cause vascular leakage, particularly in the lung, resulting in acute pulmonary edema in preclinical
species that progresses to pulmonary fibrosis with chronic dosing. In
the present study, pulmonary edema and pulmonary gene expression
changes were characterized for fingolimod (Gilenya®) and BMS-986104,
a selective, differentiated S1P1R modulator (ACS Med. Chem. Lett., 2016,
7: 283). Fingolimod, dosed to rats (5 days; 0.3, 1, 3 mg/kg/d) increased
lung weight and protein in bronchoalveolar lavage fluid (BALF) at 1
and 3 mg/kg, reaching maximums of 1.3- and 2.2-fold changes, respectively. Major pathways revealed by gene expression analysis (Affymetrix
microarrays) included cell proliferation and pro-fibrotic changes. At 3
mg/kg, FTY increased numerous cell cycle proteins including cyclins
(CCna2, CCnb1, CCnb2) and ribonucleotide reductase up to 5-fold, and
Ki-67 staining identified Type II pneumocyte proliferation. Dose-related
increases in TGFβ (1.7x), collagen 1A1 (2.9x) and fibronectin (1.9x) were
also noted, and collagen in BALF increased 2-fold over control. In contrast, BMS-986104 (5 days; 2, 5, 20 mg/kg/d) caused no lung changes at
≤ 5 mg/kg/day, whereas 20 mg/kg showed minimal pulmonary edema,
but no increased Ki-67 staining, and a modest increase in ribonucleotide reductase mRNA (1.4x). BMS-986104 also caused no changes in
pro-fibrotic gene expression up to 20 mg/kg. These results indicate that,
although S1PR1 agonists have consistently shown adverse lung effects
in rats, these effects can be reduced and potentially eliminated by differential receptor modulation.

1669 Development of a Repeated Dose Toxicity Study
Combined with Safety Pharmacology Studies
Using Common Marmosets

R. Inoue1, K. Oishi2, C. Nishime1, E. Nishinaka1, H. Koizumi2, K.
Aruga2, N. Murota2, K. Nii3, Y. Kouhei3, E. Tamura3, S. Matsui3, and
H. Tsutsumi1. 1Central Institute for Experiment Animals, Kawasaki,
Japan; 2Ina Reserch, Ina, Japan; and 3Sumika Chemical Analysis
Servise, Osaka, Japan.
Introduction: Satellite animals are often required for conducting toxicokinetics in the toxicity studies using small-sized animals including
common marmoset. We, here, investigated whether it might be possible to eliminate satellite animals by introducing a plasma micro-sampling for toxicokinetics (PMS-TK) and ultrasensitive quantitation with
high performance LC/MS/MS via repeated dose toxicity study using a
commercially-available drug valsartan, for which non-clinical studies
for the NDA (New Drug Application) had been conducted with marmoset. Methods: 0 and 200 mg/kg/day of valsartan was administrated
orally to 3 marmosets/sex/group for 2 weeks. In addition to the routine
toxicity studies, safety pharmacological parameters (FOB : Functional
Observation Battery, blood pressure, heart rate, blood gas) were measured. For TK analysis, PMS-TK was performed at 0 (pre-dose), 0.5, 1, 2,
4, 8 and 24 hours after the administration the first and final day, and
drug concentration in 2.5 µL plasma each was analyzed with high performance LC/MS/MS. Results: Vomiting, loss of body weight and food
consumption, decrease in erythrocytic parameters, increase in UN and
histological changes in kidneys were observed in 200 mg/kg/day group.
Low blood pressure, a typical pharmacological effect of valsartan, was
also observed. These findings and effects were similar to those noted in
the NDA of valsartan. Drug concentration at each point was successfully
measured, and no side effect due to multiple sampling was observed
in all animals. Conclusion: We confirmed that it was possible to eliminate satellite animals by introducing PMS-TK method, which enables
TK analysis in the same animal for the toxicity study. Consequently, the
limitation of blood sampling volume, which is a major weakness of the
marmoset, has overcome.

1670 Understanding the Mechanism(s) of Skin

Toxicity Associated with Metabotropic
Glutamate Receptor5 (mGluR5) Negative
Allosteric Modulators Using Human Primary Cell
Systems

E. L. Berg1, F. Shah3, A. Stepan3, J. M. Marcek3, J. Whritenour3,
S. Velichko1, A. Folias1, C. Houle3, R. Stanton2, and C. L. Shaffer2.
1BioSeek, A Division of Discoverx, South San Francisco, CA; 2Pfizer,
Cambridge, MA; and 3Pfizer, Groton, CT.
The present investigation was performed to understand the mechanism(s) underlying the skin toxicity observed with three Pfizer metabotropic glutamate receptor 5 (mGluR5) negative allosteric modulators
(NAMs; PF-0629470, PF-06422913, PF-06462894) in 2- or 12-week toxicity studies performed in cynomolgous macques. Clinical and histopathologic features of this toxicity were consistent with delayed type-IV
hypersensitivity. The objective of these experiments was to shed light on
the potential mechanism(s) involved in the development of this hypersensitivity reaction as well as to understand the role of mGluR5 modulation in the effect. These three Pfizer mGluR5 NAMs and other clinical
stage mGluR5 NAMs, with no reported clinically apparent skin lesions,
were screened in a standardized panel of 12 human primary cell/co-culture systems (BioMAP® Systems). PF-0629470 and PF-06422913, which
caused severe skin lesions at lower safety margins than PF-06462894,
modulated endpoints in models of T cell-dependent B cell activation
and macrophage-dependent vascular inflammation (BioMAP BT and /
Mphg systems) resulting in increased levels of IL-2 and IL-6, and reduced
levels of IL-17F and IL-10, suggesting immune-modulatory effects.
Another notable signature seen for PF-0629470 and PF-06422913
included increased levels of prostaglandin E2 and decreased levels
of tumor necrosis factor-alpha (TNFα) in a model of monocyte-driven
vascular inflammation (BioMAP LPS system), a signature observed
with known skin irritants including chemical vesicants, vitamin D3, and
retinol among others. Overall, the present study identified an increase
in PGE2 in combination with changes in immune-modulatory read outs
as candidate mechanisms contributing to rash and non-clinically monitorable skin histopathology findings for PF-0629470 and PF-06422913
but not for PF-06462894. By analyzing a large reference database for
compounds that increase PGE2 in the LPS System, we show how up-regulation of PGE2 may contribute to specific mechanisms of Type-IV skin
reactions.
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1671 Correlation of Luciferase and GFP Protein

Expression by Systemic Delivery of Drug Product
Made of Messenger RNA (mRNA) Delivered in
Lipid Nanoparticles (LNP)

K. Burke, and T. Palmer. Moderna Therapeutics, Cambridge, MA.
Sponsor: J. Senn.
Moderna Therapeutics is developing a new class of therapeutics based
on a novel mRNA core platform. In this study we explore the biodistribution of LNP-mRNA delivery in mice and examine protein expression
at the cellular level. Constructs of firefly luciferase (Luc) and GFP mRNA
were developed and enclosed into MC3 LNP. The first objective is to correlate a dose-dependent increase in protein expression via intravenous
(IV) injection of varying doses of LNP-mRNA formulations. Additionally,
we want to confirm the sensitivity and linear response range of bioluminescent luciferase activity in whole body and ex vivo tissue. Lastly,
determine mRNA amount, relative protein expression, and cellular distribution of protein in both liver and spleen tissue to confirm what was
observed by whole body bioluminescent luciferase activity. To analyze
the biodistribution of intracellular proteins, Luc and GFP mRNA in MC3
LNP were administered to CD1 mice as a single intravenous (IV) injection dose once on day 1 at 0.01, 0.05, 0.5 or 1 mg/kg. Whole body in
vivo Bioluminescent Imaging (BLI) imaging was performed at a 6 hour
post dose using the IVIS Lumina system. Following whole-body imaging,
animals from each group were euthanized and luciferase activity
was assessed by imaging spleen and liver ex vivo. Overall distribution
assessment was determined with bDNA, RNAScope, ELISA and immunohistochemistry assays. Whole body and ex vivo imaging revealed a
linear increase in Luc signal that corresponded with increased dose
concentrations. Distribution of GFP mRNA by RNAScope also revealed
a dose dependent increase of mRNA delivered to liver hepatocytes.
Immunohistochemistry results show a significant increase in GFP
protein expression in liver at the 0.5 & 1.0 mg/kg dose group compared
to control group. GFP staining is mostly in the cytoplasm of hepatocytes
with some staining in Kupffer cells. The highest signal at 1.0 mg/kg dose
group was 12 fold higher expression than baseline. These findings are
corroborated by bDNA analysis. In homogenized liver tissue, Luc and
GFP mRNA were detected at doses 0.5 and 1.0 mg/kg.
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Glutathione-Depleted HepaRG and HepG2 Cells
for Predicting Drug-Induced Liver Injury

J. Xu, S. Oda, and T. Yokoi. Nagoya University Graduate School of
Medicine, Nagoya, Japan.
Drug-induced liver injury (DILI) is one of the major causes for termination of drug development as well as the main reason of withdrawal of
approved drugs from the market. Although potential toxicity of compounds is often evaluated in in vitro, in vitro assays so far generally show
a low predictability of human hepatotoxicity. In the past several years,
human hepatoma HepaRG cell line has been proved to be a valuable
tool to study the mechanism of DILI. However, high level of cellular glutathione (GSH) is considered to lessen the cytotoxicity caused by drugs.
In this study, we investigated utility of cell-based assays using GSHdepleted HepaRG as well as HepG2 cells in detecting toxicity caused
by drugs. HepaRG and HepG2 cells were pre-incubated with or without
400 µM L-buthionine-S,R-sulfoximine (BSO) for 3 h, and then the cells
were treated with 34 test compounds associated with different DILI
risks (withdrawn, boxed-warning, warning, or safe) at 1.6-, 6.4-, 25-, and
100-fold of the therapeutic maximum plasma concentration. After 24
h, cytotoxicities were evaluated by measuring lactate dehydrogenase
(LDH) release and caspase 3/7 activity. Sensitivity and specificity of the
assays were calculated to evaluate the predictability of clinical DILI risks.
Depletion of GSH strongly enhanced LDH release from HepaRG cells
but did not obviously in the case of HepG2 cells. For example, co-treatment of a boxed-warning drug flutamide with BSO dropped HepaRG
cell viability from 82% to 54%, but did not affect HepG2 cell viability.
When the values of maximum LDH release caused by each drug were
used, GSH-depleted HepaRG cells exhibited the highest sensitivity of
43% (100% specificity), while non-depleted HepaRG cells was only 21%
(100% specificity). GSH-depleted HepG2 cells exhibited the sensitivity
of 36% (94% specificity), while non-depleted HepG2 cells was only 21%
(100% specificity). These results indicate that cytotoxicity assays using
GSH-depleted HepaRG cell is superior in predicting potential DILI risks
caused by drugs.

1673 Autobioluminescent Cellular Models for
Enhanced Pharmaceutical Cytotoxicity
Screening

T. Xu1,2,, A. Frank1, M. Conway1, S. Ripp1, and D. Close1. 1490
BioTech Inc., Knoxville, TN; and 2University of Tennessee, Knoxville,
TN.
Autobioluminescent cellular models, which rely on the expression of
a synthetic luciferase cassette that does not require a chemical substrate to produce its resultant output signal, are versatile tools for
pharmaceutical cytotoxicity screening. These models overcome the
sample destruction and intermittent data acquisition limitations of
traditional chemically-stimulated bioluminescent assays by leveraging
their autonomous signal generation abilities to permit the continuous
monitoring of self-modulated output signals that correlate to real-time
metabolic activity dynamics. This provides a data-intensive, cost-effective, and high-throughput platform for cytotoxicity screening. To date,
autobioluminescence has been successfully demonstrated in a variety
of common cellular models, including kidney (HEK293), breast (T47D
and MCF-7), liver (HepG2), colon (HCT116), and pancreas (AsPC-1), and
the representative metabolic activity reporter signals of each has correlated strongly with alternative assay systems. However, because only
the HEK293 model has undergone extensive evaluation as a tool for
high-throughput viability screening applications, we here compare the
responses of this model and two other clinically relevant autobioluminescent cancer cellular models, T47D and HepG2, to a panel of pharmaceutical compounds. All three models showed comparable responses to
the ATP synthase inhibitor oligomycin B, which induced a rapid reduction in autobioluminescence at concentrations ≥ 5 nM within 24 hours.
Exposure to 10 µM methotrexate resulted in a ~30% signal decrease in
T47D and HepG2 models and a ~50% decrease in the HEK293 model
after 24 hours. HEK293 and T47D models responded similarly to digoxin,
with half inhibitory concentrations (IC50) of ~ 47 nM and 71 nM after
24 hours, respectively. The HepG2 model did not produce a sigmoidal
dose-response to digoxin. A similar discrepancy across cell types was
observed following doxorubicin treatment, which induced a sigmoidal
dose-response in the HEK293 model (IC50 = 20 nM) but not in the T47D
or HepG2 models. These results indicate that the unique metabolic
backgrounds and differentially activated toxicity pathways of each cellular host strongly impact autobioluminescent responses. We conclude
that it is therefore critical to select an autobioluminescent cellular model
with an appropriate metabolic background for each specific application.

1674 Modification of the ICH Accepted Dye-Based
Reactive Oxygen Species Assay Improves
Photoreactivity Assessment

M. Hu, T. Rhodes, A. Bak, D. V. Nelson, G. Kaijser, and R. P. Amin.
Merck & Co., Inc., Kenilworth, NJ.
Phototoxicity can impact a drug’s overall safety profile including limiting its use in certain therapeutic indications. Since phototoxicity is typically associated with intrinsic chemical photoreactivity, an effective way
to derisk is through such early assessment thereby providing a flag to
allow early structural modifications, if warranted, or serve as a trigger for
an in vivo phototoxicity assessment. The recently adopted ICH guidance
‘Photosafety Evaluation of Pharmaceuticals guideline’ (S10) emphasizes
the use of non-animal in vitro methods for early photosafety assessment
to reduce animal use. Therefore, in vitro physicochemical methodologies
combining molar absorptivity (MEC) and photoreactivity are included
to provide an early assessment of phototoxicity. An ICH recognized
dye-based reactive oxygen species (ROS) assay is valuable but requires
assessment at 200 µM. Inconclusive results frequently arise since assessment at this concentration is often not possible due to solubility or
physical incompatibility with reagents. Therefore, to mitigate this issue,
we have evaluated modifications to the ROS assay by evaluating a
co-solvent system that overcomes solubility issues and, improves the
opportunity to evaluate insoluble compounds by achieving the desired
target concentration of 200 µM. A subset of compounds described in
the paper by Onoue et al (2012) were evaluated using the aqueous
condition described and further evaluated using the co-solvent ROS
(pH 7.4 buffer/30% acetonitrile) assay. Using 32 test compounds, we
were able to reach 200 µM with 23 total compounds using the conventional aqueous buffer, and were able to test 7 more at 200 µM with the
modified co-solvent system. The use of the co-solvent system allowed
assessment of 1 additional true positive [anthracene], 4 additional true
negatives and allowed resolution of physical incompatibility seen with
2 true positives [fenofibrate and piroxicam]. If broader regulatory and
pharmaceutical acceptance is achieved, this assay modification has the
potential to further reduce the number of in vivo phototoxicity assessments needed due to inconclusive results in the ROS assay.

Physiologically Relevant Oxygen Concentrations

D. L. Hoffman2, C. A. Peters1, and J. Hynes3. 1BMG Labtech
USA, Cary, NC; 2Cayman Chemical, Ann Arbor, MI; and 3Luxcel
Biosciences, Cork, Ireland. Sponsor: E. Clarke.
Although often overlooked, the vast majority of cell-based in vitro assays
are conducted under hyperoxic and hyperglycemic conditions, with
the impact of elevated parameters on experimental outcomes typically
ignored. These are important considerations, as higher [O2] (hyperoxia)
can significantly impact cellular bioenergetics and, by extension, cellular response to drug treatment, however technical limitations have,
to-date, limited broad uptake of [O2]-informed in vitro assay design. Here
we interrogate the impact of these parameters on cellular responses
to drug-induced mitochondrial dysfunction through the development
of a novel high-throughput microplate assay interrogating metabolic
perturbation at defined [O2]. The method harnesses integrated atmospheric control and advanced luminescent intracellular O2 and extracellular pH probes to achieve simultaneous measurement of cellular
oxygenation, oxygen consumption rate (OCR) and extracellular acidification (ECA), providing detailed information on the interplay between
oxygenation, OxPhos and glycolytic flux. This is achieved using an openflow approach whereby respiration is measured unsealed at steady state
(O2 supply = O2 demand), allowing direct control of sample [O2] and
enabling sequential compound addition to determine dependence on
glycolysis and OxPhos derived ATP. The method is validated using a
panel of classical metabolic modulators including oligomycin, antimycin
A, FCCP, Etomoxir, and Oxamic acid, with measurements performed at
decreasing O2 and glucose concentration. Switching cells to more physiologically-relevant [O2] increases dependence on glycolytic ATP (e.g.
MCF10A cells show a 60% increase in ECA between 10% and 5% O2).
By contrast, reducing glucose concentrations in the presence of pyruvate and glutamine increases dependence on OxPhos-derived ATP and
impacts spare respiratory capacity. Testing with a compound panel (incl.
troglitazone, flutamide, nimesulide, fenofibrate) reveals that this metabolic recalibration makes cells more susceptible to the downstream
implications of drug-induced mitochondrial dysfunction. The method
therefore complements existing technologies offering an efficient
means to measure cellular bioenergetics, and screen for mitochondrial
dysfunction at an [O2] most relevant to a given cell type or experimental
model.

1676 Characterization of Organ Specific In Vitro
Mitochondrial Toxicity of Antiviral Drugs
Didanosine, Stavudine, and Zalcitabine

K. Jambunathan, and J. C. Mirsalis. SRI International, Menlo Park,
CA.
Mitochondrial toxicity (MT) is responsible for curtailed use and postmarket withdrawal of many pharmaceuticals; however there is no one
assay available that reliably predicts MT in early drug screening activities.
Major organs such as liver, heart and kidney are the main targets of drug
toxicity and prediction of organ specific drug toxicities is important to
limit late stage drug attrition. We previously developed a panel of in vitro
assays that encompass three major adverse events resulting from MT
namely (1) energy metabolism disruption, (2) increased oxidative stress,
and (3) altered apoptosis. This panel successfully characterized the MT
profile of five drugs in two cell lines. Utilizing the same panel of predictive assays we studied the organ specific MT of three antiviral drugs,
didanosine (ddI), stavudine (d4T) and zalcitabine (ddC), in liver, kidney
and heart cell lines. HepG2 (human hepatocellular carcinoma-liver),
Hek293 (Human embryonic kidney), H9C2 (rat myocardium cells-heart)
were cultured with 100 µM drugs for two weeks. Pravastatin (Pv) and
Inosine (In) with no known propensity to cause MT were selected as
negative controls. Cells were harvested on Days 7 and 14 following
drug treatment and lysates generated were tested in assays that detect
oxidative phosphorylation (OXPHOS) complex 1-5, ATP content, total
glutathione, ROS/RNS content and caspase 3 activity. Following two
week treatment with ddI, d4T or ddc, a ~60-70% decrease in OXPHOS
complex 1 levels and a 50-80% decrease in OXPHOS complex 3 and 4
levels were observed in HepG2 and Hek293 cells, relative to controls.
Similar complex 1 level profiles were observed in ddI treated H9C2 cells.
No significant increase in caspase 3 and ROS/RNS levels following treatment with the antivirals were observed in any of the cell lines. Based on
the results observed, ddC induced significant MT in HepG2 (liver), and
Hek293 (kidney) cell lines while ddI induced MT in H9C2 (heart) cells;
d4T did not induce any significant MT in all three cell lines. Utilizing
the in vitro assay panel we were able to successfully characterize the
organ specific MT profile of all three antivirals drugs. Thus, a variety of
cell lines can be successfully utilized in conjunction with our assay panel
to predict general as well as organ specific MT of drug candidates. Work
supported by NIAID Contract HHSN272201400006I.

1677 Development of Solute Carrier (SLC)

Transporters Kidney Cell Models Using hTERTImmortalized Renal Proximal Tubule Epithelial
Cells (RPTEC/TERT1)

C. Zou, R. McDaniel, and C. Annesi. ATCC Cell Systems,
Gaithersburg, MD. Sponsor: S. Messner.
In vivo studies have shown that kidney membrane transporters play a
key part in drug disposition and renal clearance. Solute Carrier (SLC)
transporters are membrane proteins that transport solutes, such as
ions, metabolites, peptides, and drugs, across biological membranes,
using diverse energy coupling mechanisms. Among the SLC families,
OAT1(SLC22A6), OCT2(SLC22A2) and OAT3(SLC22A8) are the most
important transporters in kidney tissue recommended for drug interaction studies by the US FDA and EMA . Therefore, there is a huge need
for kidney toxicity models, especially in vitro models that have human
kidney origination, accurate clinical predictability and consistent data
output for initial drug interaction studies. Unfortunately, primary RPTEC
cells lose OAT1, OCT2 and OAT3 transporters expression in culture.
Transiently expressing these transporters in primary RPTEC cells show
large variations between production lots which makes data hard to interpret. Current cell line-based models are available using either MDCKII,
CHO, U2OS or other lines which either do not have the human kidney
tissue origination or the cell line itself is a cancer line, which means the
clinical predictability is greatly compromised. In our study, we have generated transporter cell models using a well characterized hTERT-immortalized Renal Proximal Tubule Epithelial Cells (RPTEC/TERT1) that stably
overexpress either the OAT1, OCT2 and OAT3 gene. After confirming
the mRNA expression by RT-PCR in the clonal cell lines, we performed
immunostaining showing that OAT1, OCT2 and OAT3 are correctly trafficked to the membrane. Notably, those clones show typically epithelial
morphology and correct markers expression. Most importantly, we verified that the overexpressed transporters have normal transport activities using 5-CF and ASP+ uptake assays and the uptake can be inhibited
by well know inhibitors. All inhibitors responded in a dose dependent
manner, even at higher passages, and all the cell lines still retain the
functionality of the transporters. Overall, our data has shown that these
modified cell lines are very useful tools which provide human kidney
tissue related results, improved consistency over time, and have more
predictability for clinical trials versus current models for in vitro testing
of how compounds will affect these membrane transporters and the
kidney tissue.

1678 A Nanotechnology Approach to Cancer Drug
Delivery

B. S. Jortner2, M. Ehrich2, J. Hinckley2, P. Bissel2, K. M. Boes2, S. R.
Werre2, L. Xia1, and D. G. I. Kingston1. 1Virginia Tech, Blacksburg,
VA; and 2Virginia-Maryland College of Veterinary Medicine,
Blacksburg, VA.
Doxorubicin was modified chemically to provide a thiolated derivative
designed to convert to free doxorubicin under reducing conditions in
cancer cells. Gold nanoparticles prepared by the Wang method (ACS
Nano 2011, 5, 3679-3692) were treated with a mixture of thiolated polyethylene glycol and thiolated doxorubicin to form a doxorubicin-loaded
water-soluble gold nanoparticle (doxorubicin-AuNP). Relative safety of
6 mg/kg doxorubicin and the thiolated derivative with 6 mg/kg doxorubicin were compared to vehicle-treated CD-1 mice for 1-14 days after
administration of a single IV dose. No behavioral abnormalities were
noted at any observation time. The most consistent lesions were in the
bone marrow in 4/4 mice dosed with 6 mg/kg doxorubicin, with marked
erythroid hypoplasia and reduced overall cellularity of the hematopoietic elements of the marrow. On day 4 erythroid hypoplasia was still
evident in 3/4 mice, along with myeloid hyperplasia. By day 14 the bone
marrow had returned to normal. The appearance of the bone marrow in
mice given 6 mg/kg doxorubicin-AuNP was similar to vehicle controls at
all stages. Blood samples for clinical pathology showed no statistically
significant differences among groups sacrificed on the same day except
for plasma triglyceride and blood reticulocyte concentrations. On sacrifice day 2, the mean plasma triglyceride concentration was significantly
lower in mice given doxorubicin-AuNP relative to controls. Blood reticulocyte concentrations were significantly lower on sacrifice days 2 and
4, and significantly higher on sacrifice day 14 in the doxorubicin-treated
mice relative to controls. Although times to maximal blood concentrations (Cmax) were similar after doxorubicin and doxorubicin-AuNP were
given, Cmax was 69 ng/ml in mice given doxorubicin compared to 0.4
ng/ml in mice given doxorubicin-AuNP, but half-life was increased from
4.6 to 30 hr. This suggests that lower plasma levels of doxorubicin contributed to protection from pathological deficits seen in mice given the
doxorubicin alone. Whether the nanoparticle formulation of doxorubicin, with its longer half-life, would be effective in a clinical situation
would require efficacy studies in diseased subjects. (Supported by ICTAS,
Virginia Tech)
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1675 Cell-Based Metabolic Screening under

1679 Safety and Efficacy of a Novel, Patented

Trigonella foenum-graecum Seed Extract in
Enhancing Serum Testosterone and Improving
Sperm Profile in Male Volunteers

A. Swaroop2, D. Bagchi1, M. Bagchi1, and H. G. Preuss3. 1Cepham
Inc, Concord, CA; 2Cepham Inc, Piscataway, NJ; and 3Georgetown
University Medical Center, Washington, DC.
Fenugreek (Trigonella foenum-graecum) seeds have exhibited novel cardioprotective, hypolipidemic and other health benefits. In our laboratories, we have developed Furosap, an innovative, patent-pending 20%
protodioscin-enriched extract from fenugreek seeds, which effectively
increased testosterone levels, and significantly improved sperm profile,
mental alertness, cardiovascular health, mood, libido and quality of life
in male volunteers. Testosterone has also been demonstrated to attenuate lean body mass and stronger bones. Institutional Review Board and
www.clinicaltrials.gov approvals were obtained. This one-arm, open-labelled study was conducted in 50 male volunteers (age: 35-65 years)
over a period of 12 weeks to determine the efficacy of Furosap (500 mg/
day/subject). This study examined the testosterone levels, sperm profile,
sperm morphology, libido and erectile dysfunction, mood and mental
alertness and broad spectrum safety parameters. Free testosterone
levels were improved up to 46% in 90% of the study population. 85.4%
of the study population showed improvements in sperm counts. Sperm
morphology improved in 14.6% of volunteers. Majority of the subjects
enrolled in the study demonstrated improvements in mental alertness
and mood. Furthermore, cardiovascular health and libido were significantly improved. Extensive safety parameters were evaluated which
included blood chemistry data. No significant changes were observed
in serum lipid function, cholesterol, triglyceride, HDL and LDL levels,
hemogram (CBC), hepatotoxicity, cardiotoxicity and nephrotoxicity.
These results demonstrate that Furosap, enriched in 20% protodioscin,
is safe and effective in attenuating testosterone levels, healthy sperm
profile, mental alertness, cardiovascular health and overall performance
in human subjects.

1680 Safety and Clinical Efficacy of a Novel Green
Coffee Bean Extract (GCB-70) in Human
Volunteers
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D. Bagchi1, A. Swaroop2, M. Bagchi1, and H. G. Preuss3. 1Cepham
Inc, Concord, CA; 2Cepham Inc, Piscataway, NJ; and 3Georgetown
University Medical Center, Washington, DC.
Obesity is now a worldwide epidemic and a novel natural therapeutic
intervention is warranted. A novel, patent-pending, water-soluble green
coffee bean extract, GCB-70) enriched in 70% total chlorogenic acid
including 45% caffeoylquinic acid and <1% caffeine has been developed in our laboratories. Our previous studies demonstrated its novel
antioxidant efficacy and its potential efficacy in weight management
in rodents. This open-labelled investigation evaluated the efficacy of
GCB-70 in 100 men and women overweight subjects (age: 18-65 years;
body weight: 84.04 + 1.46 kg) and BMI; 31.45 + 4.49 kg/m2) over a period
of 12 weeks. Institutional Review Board (IRB) and other institutional
regulatory approvals were obtained for this study. This study was also
registered in www.clinicaltrials.gov NCT02703025). Capsules (500 mg
each, b.d.) were administered by the subjects 30-60 min prior to lunch
and dinner. This study examined the body weight, body mass index
(BMI), waist circumference (WC) and fasting glucose at 0, 4, 8 and 12
weeks of treatment. HbA1c, plasma leptin levels and thyroid stimulating hormone (TSH) were assessed at 0 and 12 weeks of treatment.
Furthermore, extensive blood chemistry, adverse events, and physical
health of the subjects were extensively evaluated to demonstrate the
broad spectrum safety of GCB-70. Body weight was reduced by 1.9%,
3.9% and 5.9% in male volunteers at 4, 8 and 12 weeks of treatment,
respectively, while under these same conditions approximately 2.3%,
3.8% and 6.0% reductions were observed in female volunteers. BMI was
reduced by 1.3%, 3.9% and 5.9% in male volunteers at 4, 8 and 12 weeks
of treatment, respectively, while under these same conditions approximately 2.3%, 3.9% and 6.1% reductions were observed in female volunteers. Significant reductions in WC and fasting glucose were observed
at these same time points in both male and female volunteers. HbA1c
and plasma leptin levels were significantly reduced at 90-days of treatments as compared to the corresponding baseline values, respectively.
No adverse events were observed. Overall, the results demonstrate that
GCB-70 is novel, safe and low caffeine antioxidant supplement effective
in healthy weight management.

1681 Pharmacokinetics (PK) of Inhaled Treprostinil
Are Similar When Delivered As LIQ861 Dry
Powder or Nebulized Solution

S. Anderson3, P. Normand1, M. Hantash1, J. Dillberger2, R.
Roscigno3, and W. Wargin4. 1ITR Laboratories, Montreal, QC,
Canada; 2J. Dillberger, LLC, Nashville, IN; 3Liquidia Technologies,
Research Triangle Park, NC; and 4Nuventra, Durham, NC.
Treprostinil (Tre) is currently approved for inhalation administration to
patients with pulmonary arterial hypertension (PAH) via nebulized Tre
solution (Tyvaso® Inhalation Solution). Liquidia is developing LIQ861,
an inhaled dry powder formulation that consists of Tre/excipient particles of precise size (1 µm) and shape created using Liquidia’s PRINT®
Technology (Particle Replication in Nonwetting Templates). To support
clinical testing, single-dose studies in rats and dogs and 14-day repeatdose studies in rats were conducted to compare the PK profile of Tre
administered as LIQ861 or Tre solution and build a PK bridge. In anesthetized dogs administered single doses of LIQ861 or Tre solution into
the lungs via a cuffed endotracheal tube and controlled ventilation, PK
profiles were similar. Pulmonary deposited doses (PDDs) of Tre (LIQ861
= 3.25 µg/kg, Tre solution = 3.55 µg/kg) resulted in mean plasma Cmax
of 3.1 vs 4.0 ng/mL, mean AUClast of 2.3 vs 3.0 h*ng/mL, mean dosenormalized AUCinf of 0.93 vs 1.03 h*ng/mL, and mean t1/2 of 0.6 and 0.5
hrs, respectively. In rats administered single doses of LIQ861 or Tre solution by nose-only inhalation for 4 hours, PK profiles differed slightly.
Estimated mean PDDs of Tre (LIQ861 = 76.2 µg/kg, Tre solution = 78.5
µg/kg) resulted in mean plasma Tre Cmax of 44 vs 16 ng/mL, mean AUClast
of 126 vs 61 h*ng/mL, mean dosenormalized AUCinf of 170 vs 79 h*ng/
mL, and mean t1/2 of 0.8 and 0.7 hrs, respectively. However, in rats dosed
in the same way daily for 14 days, PK profiles after the last dose were
nearly identical. Estimated mean PDDs of Tre (LIQ861 = 128 µg/kg, Tre
solution = 161 µg/kg) resulted in mean plasma Cmax of 51 vs 53 ng/mL,
mean AUClast of 190 vs 191 h*ng/mL, mean dose-normalized AUCinf of
166 vs 122 h*ng/mL, and t1/2 of 1.0 to 1.3 hrs and 0.7 to 2.1 hrs, respectively. Thus, the PK profiles of Tre were generally similar with inhalation
of LIQ861 dry powder or nebulized Tre solution. A dry powder inhaler
will be significantly easier for PAH patients to use than a nebulizer and
may improve compliance and patient outcomes.

1682 Pharmacokinetics of Morphine and Metabolites
in Monkeys after IV and Oral Administration

M. Li, J. Stuhler, S. Georgeson, G. Bikzhanova, B. Wittig, A.
TenBruggencate, J. Moore, Y. Zhao, K. Olson, J. Fohey, and V. Walsh.
Covance Laboratories Inc., Madison, WI. Sponsor: V. Walsh.
Purposes: 1) to investigate the pharmacokinetics (PK) of morphine and
two metabolites in plasma and urine after single intravenous (IV) and
oral gavage doses of morphine sulfate in monkeys; 2) to develop a parent-metabolite physiologically-based pharmacokinetic (PBPK) model
that incorporates the first-pass effect for morphine. Methods: Morphine
was given to six adult male cynomolgus monkeys intravenously (2 mg/
kg) in study Phase 1, and after two weeks, orally (6 mg/kg) in study Phase
2. Blood and urine samples were collected up to 72 hours postdose,
and were analyzed for morphine and its morphine-3-glucuronide (M3G)
and morphine-6-glucuronide (M6G) metabolites using an established
liquid chromatography/mass spectrometry (LC-MS/MS) method. Noncompartmental pharmacokinetic analysis was performed for all three
analytes. A PBPK model was developed using Phoenix® software (Certara
USA, Inc.) and GastroPlus® (Simulations Plus, Inc.) to simulate the pharmacokinetics of morphine and metabolites simultaneously. Results:
Morphine and its metabolites were generally detectable up to 36 hours
after the IV dose, and up to 48 hours after the oral dose. For all three analytes recovered in urine, more than 90% were excreted within 48 hours.
The mean bioavailability of orally-administered morphine was 16.6 %.
The AUC0-∞ values of M3G and M6G after oral dose are 3 and 5-times
higher than that after IV dose, respectively. A PBPK model was developed for simulating the PK profiles and urinary excretion of morphine
and metabolites simultaneously. The simulated PK profiles and urinary
excretion of morphine, M3G, and M6G were in good agreement with the
observed data. Conclusions: Morphine is not highly bioavailable after
oral administration in monkeys. Morphine metabolites showed much
higher concentrations in plasma after oral administration of morphine
than that after IV administration of morphine. A PBPK model was developed to simulate the PK profiles and urine excretion for morphine and
metabolites. This model may be useful for interpretation of morphine
pharmacokinetics and pharmacodynamics after both oral and IV doses.

Administered As LIQ861 Dry Powder or
Nebulized Solution

J. Dillberger2, P. Normand1, R. Roscigno3, and S. Anderson3. 1ITR
Laboratories, Montreal, QC, Canada; 2J. Dillberger, LLC, Nashville,
IN; and 3Liquidia Technologies, Research Triangle Park, NC.
Treprostinil (Tre) is approved for inhalation by pulmonary arterial hypertension (PAH) patients via nebulized Tre solution (Tyvaso® Inhalation
Solution). Liquidia is developing LIQ861, an inhaled dry powder formulation of Tre consisting of 1-µm Tre/excipient particles of precise
shape made by Liquidia’s PRINT® Technology (Particle Replication in
Nonwetting Templates). To support clinical testing, a toxicology bridge
was built in rats between LIQ861 and nebulized Tre solution. Groups of
rats were exposed by 4-hour inhalation daily for 14 days to air, Placebo,
LIQ861 (Tre delivered doses of 162, 428, or 1280&nbsp;µg/kg) or Tre
solution (1611&nbsp;µg/kg). Reversibility of effects was evaluated after
a 14-day recovery period. Plasma Tre exposure was evaluated on Days
1 and 14. MMADs were 1.1 - 1.9 µm (GSD 1.65 to 2.32) for Placebo and
LIQ861 and 0.5 - 0.6 µm (GSD&nbsp;2.35) for Tre solution. Findings with
both LIQ861 and Tre solution included goblet-cell hypertrophy/hyperplasia in the nasal mucosa, decreased body weight gain, lower thymus
weight, greater lung weight, greater reticulocyte count, and lower
platelet count. With LIQ861, males also had greater adrenal weight and
lower kidney weight, and both sexes had enlarged mediastinal lymph
nodes. With Tre solution, rats also had greater heart and liver weight.
There were no histopathologic findings correlated to organ weight differences. Increased alveolar macrophages, not associated with inflammation, were seen in all rats given Placebo or mid- and high-dose
LIQ861. This nonadverse finding reflects normal pulmonary clearance
of inhaled particles. A greater incidence of minimal focal hemorrhage in
the lungs was seen in Tre solution rats (6/20) compared to air controls
(2/20). This finding has been previously reported in rats given nebulized
Tre solution and was considered the only adverse finding in this study.
Tre exposure on Day 1 and Day 14 was similar whether Tre was delivered
as LIQ861 or Tre solution. Findings had resolved or diminished significantly at the end of recovery. Based on the similarity in the repeat-dose
toxicity profiles of LIQ861 and nebulized Tre solution in rats, the potential adverse effects in PAH patients are likely to be the same and would
warrant testing of LIQ861 in this patient population. The belief is LIQ861
will be more convenient for patients, leading to improved compliance
and patient outcomes.

seen for either compound. The data demonstrate the effectiveness of
using modeling to evaluate subtle effects on insulin resistance parameters in sub chronic studies. In addition, it also demonstrate the potential
utility of long acting ghrelin receptor agonists in reducing mechanism
related side effects such as elevated HbA1c.

1685 Systemic Tolerability of Ghrelin-O-

Acyltransferase (GOAT) Inhibitor GLWL-01 in
Cynomolgus Monkeys following Daily Oral
Administration and 14 Days of Recovery

A. Wilke1, C. Ruegg1, S. Silo2, J. MacDonald4, and C. Fortier3.

1Chorus, A Division of Eli Lilly, Indianapolis, IN; 2CiToxLAB, Laval,

QC, Canada; 3GLWL Research, Inc., Montreal, QC, Canada; and
4Synergy Partners R&D Solutions, Chester, NJ.

GLWL-01 is a potent and selective GOAT inhibitor that blocks the conversion of desacyl ghrelin into acyl ghrelin (AG), a physiological peptide
controlling hunger signals to the brain. The objectives of this study
were: 1) to assess the systemic tolerability of GLWL-01 during daily oral
administration to cynomolgus monkeys for up to 28 days, 2) to assess
potential biomarkers, and 3) to evaluate the reversibility of any changes
during a 14-day recovery period. Once-daily oral gavage administration
of GLWL-01 to 2 male and 3 female cynomolgus monkeys at a dose level
of 200 mg/kg/day for 10 to 17 days resulted in marked reduction of
plasma AG which was associated with a severe pharmacologically-mediated inappetence. Following several days of inappetence, monkeys
exhibited significant body weight reductions, a decline in clinical condition, and increased serum non-esterified fatty acids (NEFA) and/or
serum and urine ketone bodies culminating in mortality for one female
monkey. In surviving animals, all GLWL-01-related changes were either
partially or fully reversed following a 14-day treatment-free (recovery)
period. Cessation of dosing following observed moderate or severe
anorexia (reductions in food consumption) for up to 5 days and/or body
weight loss of up to 10% successfully allowed animals to recover before
severe clinical decline and moribundity occurred. These data provided
evidence of marked pharmacologically-mediated adverse effects in
monkeys and enabled the identification and use of biomarkers in clinical
safety assessments of GLWL-01.

1686 Low-Dose Pharmacokinetics and High-Dose
1684 Population-Based Modeling of Intravenous

Glucose Tolerance Test in a Sub-Chronic Dog
Study to Demonstrate Improved Safety Profile of
a Novel Ghrelin Receptor Agonist

U. S. Andersson2, H. Shankaran1, R. McDougall1, J. Lindquist2, H.
Douglasson2, B. Lindberg2, L. Jinton2, T. Jellesmark-Jensen2, and L.
Hultin2. 1AstraZeneca R&D, Boston, MA; and 2AstraZeneca R&D,
Mölndal, Sweden. Sponsor: R. Roberts.
Treatment with ghrelin receptor agonists increase muscle volume in
sarcopenic and cachectic disease states such as cancer. Although translation to improved muscle function is less well established, the utility of
this drug target can be improved if mechanism related side effects such
as elevated HbA1c are reduced. We employed a dog model to evaluate
insulin resistance parameters of a novel long-acting ghrelin receptor
agonist, AZ-4558, compared to capromorelin, which has shown promising clinical effect but with significant changes in insulin resistance
parameters. Three groups of six Beagle dogs were treated once daily by
oral gavage with either 1.7 mg/kg AZ-4558, 2 mg/kg capromorelin or
vehicle for 12-weeks; doses were selected to achieve equipotent IGF-1
increase based on a short pilot study. Intravenous glucose tolerance test
(IVGTT) were done after 11-weeks of dosing. Plasma glucose and insulin
levels were simultaneously fitted to an integrated nonlinear model that
accounted for insulin-dependent glucose clearance and glucose-dependent insulin production. A population modeling approach was used to
quantify baseline insulin and glucose levels, magnitude of the insulin
burst and insulin sensitivity (clearance rate of glucose per unit insulin
concentration) in individual dogs. Fructose amine was analyzed at end
of dosing and 24 h profiles of cortisol, glucose and insulin were monitored after 1, 2, 5 and 11 weeks of dosing. Insulin sensitivity parameters
extracted from the model demonstrated that both compounds had pronounced effects on insulin sensitivity parameters in the IVGTT. AZ-4558
demonstrated a statistically significant reduction in insulin burst and
HOMA index compared to capromorelin. In addition, while both compounds elevated IGF levels to a similar level throughout the 11-week
treatment, dose related cortisol peaks were significantly blunted with
AZ’4558 compared to capromorelin. No effects on fructose amine was

Safety Studies on BT-11: A New Oral First-inClass Therapeutic for Inflammatory Bowel
Disease (IBD)

M. Ehrich2, B. S. Jortner2, J. Hinckley2, P. Bissel2, S. R. Werre2, K. M.
Boes2, A. Carbo1, R. Gandour1, R. Hontecillas1, J. Bassanganya-Riera1,
and J. Bassanganya-Riera1. 1Biotherapeutics Inc., Blacksburg, VA;
and 2Virginia-Maryland College of Veterinary M, Blacksburg, VA.
Inflammatory Bowel Disease (IBD) is a chronic autoimmune debilitating disease that afflicts over 4M people world-wide. Due to moderately successful and side-effects triggering current treatments, the
Biotherapeutics team developed BT-11, a first-in-class oral small molecule targeting the Lanthionine Synthetase C-like 2 pathway. To advance
BT-11 along the regulatory pipeline, a high repeated dose safety study
was performed in adult male rats. BT-11 was given by the oral route for
7 days (500, 750 and 1,000 mg/kg/da). Detailed qualitative and quantitative behavioral observations made before, during and after dosing did
not demonstrate differences between control and treated rats. Likewise,
a comprehensive clinical panel, including urinalysis, did not indicate
that any of the many endpoints examined provided results outside
the range of the control rats. Histopathological examination of multiple tissues was unremarkable, leading to the overall conclusion that
repeated high-dose administration of BT-11 to adult male rats is safe
at oral doses as high as 1,000 mg/kg/day for 7 days. As the efficacious
dose for treatment in a rodent model of IBD is much lower than doses
used for determining safety, bioavailability was determined after oral
and IV administration of 8 mg/kg. Plasma samples taken from adult male
rats 0.5 - 48 hr after intravenous (IV) and oral administration of a soluble
BT-11 product (2 mg/ml in cyclodextrin-treated saline) were analyzed by
LC-MS/MS. Results showed peak concentrations of 31-60 ng/mL BT-11 at
0.5 hr after oral administration (n=3) and 385-1196 ng/mL 0.5 hr after IV
administration. Comparison of areas under the curves for the two routes
suggest that oral absorption of BT-11 is very low, estimated under 10%.
Further evidence of BT-11’s capability to target the gastrointestinal tract
was noted by concentrations in colon that were 100x times greater than
concentrations in the plasma 16 hr after oral administration. Along with
the safety results, BT-11 has demonstrated a 90% reduction in inflammation in animal pharmacology studies, making BT-11 a strong and promising lead for human clinical trials after IND approval. (Supported by the
Virginia Biosciences Health Research Corporation)
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1683 Inhaled Treprostinil Toxicity Profile Is Similar

1687 Mitigating Brincidofovir Gastrointestinal

Toxicity with an Intravenous Formulation

I. M. Grossi1, T. Tippin1, C. Kos2, J. A. Dunn1, M. Mullin1, and O. J.
Naderer1. 1Chimerix, Durham, NC; and 2Envigo, East Millstone, NJ.
Brincidofovir (CMX001, BCV), a lipid conjugate of cidofovir (CDV), is being
developed for the prevention and treatment of infection and disease
caused by double stranded DNA viruses with high unmet medical need.
To date, the BCV development program has focused on oral delivery.
During the clinical development of BCV, it has become clear that there
is a medical need for an IV product not only as a way to deliver BCV to
patients unable to take oral medications, but also as a way to potentially
reduce or avoid adverse GI events observed with oral dosing. To support
first-in-human IV BCV administration, the toxicity and toxicokinetics of
BCV and its metabolite CDV were evaluated following single and repeat
IV infusion administration to rats. In addition, quantitative whole-body
autoradiography (QWBA) tissue distribution studies following IV infusion and oral gavage administration of [14C]BCV to non-pigmented
Sprague Dawley and pigmented Long-Evans rats were conducted.
Following single or repeat IV BCV infusion in rats, no apparent sex differences were noted in BCV or CDV systemic exposures. Compared to
an equivalent oral dose, IV BCV resulted in multi-fold (>12 fold) higher
BCV exposure; however, total CDV exposure was similar or only slightly
higher (<2 fold). Distribution of radioactivity following IV [14C]BCV infusion as compared to oral BCV was higher in all tissues, however in the
small intestine radioactivity was approximately 10% that following oral
administration. Minor and reversible GI findings limited to single cell
necrosis in the small and large intestine were noted following IV BCV
infusion in 28-day toxicology studies. Moreover, the GI findings did not
result in any dose-limiting GI toxicities (i.e., gastropathy, enteropathy or
enteritis) or associated clinical pathology changes. Overall, these animal
data suggest that BCV-associated GI disturbances, which have limited
the long-term dosing of oral BCV in patient populations with gastrointestinal susceptibility, may be mitigated via the utilization of an IV formulation.

1688 Withdrawn by Author
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Immunotherapy: Off-Target Profiling of Whole
CAR T Cells Using Plasma Membrane Protein
Arrays

J. Freeth2, J. Soden2, A. Bourdeau1, J. Rottman1, P. Kasperkovitz1,
K. Friedman1, and C. Horvath1. 1Bluebird Bio, Cambridge, MA; and
2Retrogenix Limited, Whaley Bridge, United Kingdom. Sponsor: J.
Sidaway.
Modification of a patient’s own T cells to carry a chimeric antigen
receptor (CAR) recognizing a cancer cell surface antigen can promote a
specific anti-tumour response and potentially confer long-term immunity to cancer. Minimising the risk of triggering an inappropriate immune
response through unanticipated off-target binding of the engineered
CAR T cells is essential in ensuring patient safety. Plasma membrane
protein array (PMPA) screening has been successfully used to identify
key receptors for orphan ligands1 and for phenotypic molecules 2 as well
as detecting potential off-target receptor interactions that may impact
on the safety profile of lead compounds. Here we describe optimisation
of the PMPA approach for off-target profiling of whole engineered CAR T
cells as a supportive tool in safety assessment of novel cancer immunotherapies. Lines of T-cells, isolated from healthy donors and engineered
to carry an anti-CD19 CAR, were provided by bluebird bio, along with
untransduced T cell controls. T cells were screened against approx 4,500
full-length human plasma membrane proteins individually over-expressed in HEK293 cells to detect specific interactions. Optimisation of
T cell labelling, experimentation with the ratio of T cells to the underlying HEK293s as well as careful control of washing stringencies was
required to develop the PMPA technology so that it reliably and reproducibly identified specific binding events. A panel of plasma membrane
proteins which may mediate CAR-independent interactions between T
cells and target cells was identified. In addition, a clear interaction with
the primary target, CD19, was observed for the engineered CAR T cells
but not the untransduced T cells. No additional CAR-specific receptor
binding was reported for the CAR T cells, in this case confirming no offtarget binding partners amongst this extensive panel of membrane
proteins. PMPA screening of whole CAR T cells for potential off-target
binding presents a novel strategy to help de-risk immunotherapy development programmes and provide supporting data for IND submissions.
References: 1. Turner L. et al. (2013) Nature 498:502-505.2. S andercock AM et
al. (2015) Molecular Cancer 14:147

1690 Safety Evaluation of Lipid Nanoparticle-

Formulated Modified mRNA in the SpragueDawley Rat and Cynomolgus Monkey

M. Sedic. Moderna Therapeutics, Cambridge, MA.
Sponsor: J. Milano.
The pharmacology, pharmacokinetics, and safety of modified mRNA
formulated in lipid nanoparticle (LNP) was evaluated after repeat
intravenous (IV) infusion to rats and monkeys. In both species, modified mRNA encoding the protein for human erythropoietin (hEPO) was
well-tolerated. Pharmacokinetic analysis conducted following the first
dose showed that hEPO expression peaked at 6 hours after the end of IV
infusion and in excess of 100-fold the anticipated efficacious exposure
(16,900 pg/mL) at the highest dose tested. hEPO was pharmacologically
active in both the rat and monkey as indicated by a significant increase
in erythroid parameters. The primary safety-related findings were associated with known effects induced by the exaggerated pharmacology
of hEPO and included: increased hematopoiesis in the liver, spleen,
and bone marrow (rats); minimal hemorrhage in the heart (monkeys).
Additional safety-related findings included mildly increased white blood
cell counts, and release of histamine and IP-10 in the rat. In the monkey,
as seen previously with the parenteral administration of cationic lipid
nanoparticles, complement activation and cytokine production were
observed. Overall, these combined studies indicate that LNP-formulated
modified mRNA can generate supra-therapeutic levels of protein (hEPO)
in vivo and be safely administered by IV infusion in two different toxicologically-relevant test species.

1691 Preliminary Rat Toxicity Study following

Single Intracisternal Administration of AdenoAssociated Viral Vector Serotype 9 Containing
Human Sulfamidase Gene

A. Rodriguez Fernandez de Henestrosa3, I. Gitton2, J. B. Marteau4,
K. Weber1, and A. Guzman3. 1ANAPATH GmbH, Oberbuschsiten,
Switzerland; 2CERB, Baugy, France; 3ESTEVE, Barcelona, Spain; and
4GENOSAFE, Evry, France. Sponsor: J. M. Vela.
Mucopolysaccharidoses type IIIA (MPSIIIA), also known as Sanfilippo A
syndrome, is an inherited autosomic recessive disease characterized by
intralysosomal accumulation of partially degraded glycosaminoglycans
(GAGs). It is caused by a deficiency of Sulfamidase (SGSH), a Sulfatase
involved in the lysosomal degradation of glycosaminoglycans. MPS IIIA
patients are diagnosed at 1 to 4 years of age, and suffer a rapid and progressive loss of cognitive and motor skills with death occurring usually
by the mid-to-late teenage years. The product adeno-associated viral
vector serotype 9 containing human Sulfamidase gene (AAV9-CAGcoh-SGSH) is a genetically modified viral vector, composed of the viral
capsid of human adeno-associated virus serotype 9 (AAV9) and a modified genome containing a codon-optimized version of the cDNA of the
human Sulfamidase gene. AAV9-CAG-coh-SGSH is being developed for
the treatment of MPSIIIA by Esteve, in partnership with the Centre de
Biotecnologia Animal i Teràpia Gènica (CBATEG), Universitat Autònoma
de Barcelona. In this preliminary toxicity study, juvenile Sprague Dawley
rats were administered with AAV9-CAG-coh-SGSH by single intracisternal injection at dose levels of 1.33E12, 1.78E12, 2.49E12 and 3.28E12
vg/animal. A vehicle control group received formulation buffer. Animals
were sacrificed for necropsy after a 14-day observation period. There
was no mortality and no treatment related effects on clinical signs, body
weight, body temperature or food consumption was recorded. Minor
changes in some haematology and blood chemistry parameters were
observed in AAV9-CAG-coh-SGSH treated animals, particularly in highdose groups. At necropsy, there were no treatment related macroscopic
findings and there was no effect on organ weights. Histopathology
examination showed a minor increased severity of inflammatory cell foci
and a minimal increase in hepatocellular apoptosis in the liver of males
receiving 2.49E12 vg/animal and females receiving 3.28E12 vg/animal.
However, these observations were considered to be within the range
of normal background. qPCR analysis of the transgene in brain and liver
samples from high-dose animals confirmed the adequate transduction
of the gene therapy vector in these tissues.

Novel CD40L Domain Antibody

K. Price1, B. Wang1, S. Eble1, D. Devona1, W. Freebern1, W.
Freebern1, A. Fletcher1, C. Parrula4, C. Gleason1, S. Suchard2, A.
Adams3, W. Wakwe3, H. Haggerty1, and M. Graziano2. 1BristolMyers Squibb Company, New Brunswick, NJ; 2Bristol-Myers Squibb
Company, Princeton, NJ; 3Emory University, Atlanta, GA; and
4Vertex Pharmaceuticals, Boston, MA.
BMS-986004 is a dimeric anti-human CD40 ligand (CD40L, CD154) VH
domain antagonist antibody (dAb) formatted with a modified IgG1 tail
lacking effector function. Thromboembolism (TE), in the clinic and/or
non-human primates, has been reported for at least 3 anti-CD40L mAbs.
Hu5c8 caused TE in a clinical trial for lupus and IDEC131 caused TE in 1
patient in a Crohn’s disease trial, leading to termination of ongoing trials.
Both hu5c8 and ABI1793, caused TE/thrombosis in renal transplantation
studies in monkeys. TE is thought to result from formation of immune
complexes (ICs) of mAbs with membrane-bound CD40L on platelets,
or sCD40L shed from platelets, that can aggregate neighboring platelets via IC binding to FcgRIIa, causing activation and thrombi formation. Formatting an anti-CD40L therapeutic antibody with an Fc tail
lacking ability to bind FcgRIIa, such as BMS-986004, should therefore
mitigate risk of platelet crosslinking and thrombosis. Thus, the toxicology program was designed to critically evaluate the potential risk
for TE with BMS-986004. In a series of in vitro platelet activation assays,
treatment of human blood with hu5c8/sCD40L IC activated platelets
in an FcgRIIa-dependent manner, which was driven by Fc interactions
with FcgRIIa on platelets and attenuated with IV.3, an FcgRIIa blocking
Ab. BMS-986004 did not activate platelets in vitro. In a 3-month rhesus
monkey toxicity study, administration of BMS-986004 to monkeys at up
to 100 mg/kg/week resulted in findings that were consistent with the
immunosuppressive pharmacology of BMS-986004 (i.e., infections, suppression of TDAR, decreases in lymphocytes and lymphoid organ cellularity, decreases in Ig) and/or are easily monitorable in a clinical setting
and reversible (i.e., regenerative anemia). No infections were observed
in a subsequent 6-month toxicity study in monkeys. In a rhesus renal
transplant study of BMS-986004, there was no evidence of vasculopathy
or thrombosis of the lung, as described for hu5c8. These results support
chronic IV administration of BMS-986004 to patients with autoimmune
diseases.

1693 Autoimmunity Induced by Ipilimumab in
Immune-Humanized Mice

K. E. Howard, L. Zadrozny, K. Semple, K. Shea, and J. L. Weaver. US
FDA, Silver Spring, MD.
Checkpoint inhibitors represent a new class of therapeutics that target
regulatory receptors on immune cells. They are used in the treatment
of cancer and have demonstrated remarkable clinical effectiveness.
However, some patients have experienced serious adverse autoimmune
effects including pneumonitis, hepatitis, colitis, nephritis, dermatitis,
encephalitis, and adrenal or pituitary insufficiency. These adverse events
were not predicted by non-clinical studies in non-human primates. To
determine if the bone marrow-liver-thymus (BLT) immune humanized
mouse model could identify these autoimmune effects, we studied the
effect of ipilimumab in NOD.Cg-Prkdcscid Il2rgtm1Sug/JicTac (NOG) and
in the NOG/hGM-CSF/hIL-3 BLT humanized mice. Mice were treated
with 2.5, 5.0, or 10.0 mg/kg ipilimumab or saline intraperitoneally twice
weekly for four weeks. Mouse body weights were monitored twice
weekly and observations of behavior and appearance were noted daily.
Leukocyte populations in peripheral blood were evaluated pre-study, at
14 days and necropsy. Necropsy was completed at 28 days or sooner if
weight loss >20% or morbidity was noted. Similar to the adverse reactions reported in humans, histopathologic findings showed that mice
in all dose groups developed pneumonitis and hepatitis, with colitis,
nephritis, and dermatitis noted in some individuals. Flow cytometric
analysis showed increased T-cell activation with concomitant decreases
in CTLA-4 expression. Impact of treatment was strain dependent. These
findings suggest that this fully engrafted humanized mouse model can
demonstrate autoimmune adverse effects similar to those observed in
humans on anti-CTLA-4 therapy.

1694 Interference of Cynomolgus Monkey

CD16+ Natural Killer Cell Measurement by
Monoclonal Antibody Drugs, Trastuzumab,
and Mogamulizumab, in Immunophenotyping
Analysis

H. Tsuchiyama2, R. Nishio2, A. Daikoku1, and K. Oshida2. 1Kamakura
Techno-Science, Inc., Kamakura, Japan; and 2Toray Industries, Inc.,
Kamakura, Japan.
Flow cytometric immunophenotyping assay of nonhuman primates is
frequently required for immunotoxicity evaluation of monoclonal antibody drugs in nonclinical safety assessment. For analysis of natural killer
(NK) cells, typically CD16 positive lymphocytes (CD45+/CD3-/CD16+) are
detected. This method is basically used for measurement of NK cells, but
it is possible that antibody drugs bind the Fc receptor IIIa (CD16) of NK
cells and the flow cytometric NK cell measurement is interfered by the
antibody drugs present in blood samples. In this study, the interference
of humanized monoclonal antibody drugs were assessed using cynomolgus monkey blood samples spiked with those antibodies. Heparinized
blood was drawn from normal cynomolugus monkey and monoclonal
antibody samples, trastuzumab, mogamulizumab or human IgG derived
from serum, were added to aliquoted blood samples at various concentrations and incubated for 30 min at room temperature, respectively.
Then the blood samples were analyzed for NK cells by the combination of CD45+/CD3-/CD16+ antibody markers using FACSCanto II (BD
Biosciences), and expressed as percentage of lymphocytes. For an
alternative analysis, NK cells (%) were detected by the combination of
CD45+/CD3-/CD159a+ antibody markers. Binding affinity of these antibody drugs to CD16 was compared by an ELISA method. As a result,
NK cells (%) were decreased in the presence of high concentrations of
trastuzumab, mogamulizumab or human IgG derived from serum. The
decrease of NK cells (%) were observed in the samples with mogamulizumab at lower concentrations than trastuzumab or human IgG derived
from serum. On the other hand, there was no influence of any antibody
samples on NK cells (%) using CD45+/CD3-/CD159a+ antibody markers.
Binding ELISA assay demonstrated the highest binding affinity of mogamulizumab to Fc receptor IIIa in the antibodies assessed. In conclusion,
NK cell measurement in cynomolgus monkey blood by the CD45+/CD3-/
CD16+ antibody markers may be interfered by high concentrations of
antibody drugs in blood samples, through their binding affinity to Fc
receptor CD16.
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1695 Safety Assessment of an Anti-Müllerian

Hormone Receptor II Therapeutic Antibody

M.-E. Duclos1, R. Forster1, and J.-F. Prost2. 1CiToxLAB, Evreux cedex,
France; and 2Gamamabs Pharma, Toulouse, France.
GM102 is a first-in-class glycol-engineered monoclonal antibody (mAb)
which targeting Anti-Müllerian Hormone Receptor II (AMHRII) and is in
development for the therapy of gynecological cancers. Being an embryonic receptor, AMHRII is also expressed in the majority of gynecological
cancers such as cancer of the ovaries, endometrium and cervix. A Phase
study in AMHRII-positive patients with advanced pre-treated gynecological cancer is currently ongoing. We have evaluated the safety of this
antibody in mature female cynomolgus monkeys in a toxicity study with
four cycles of intravenous administration (separated by 2 week intervals). Dose-levels of 30, 100 or 300 mg/kg were used. During the in vivo
phase, the following clinical investigations were performed: cage side
observations, rectal temperature, blood pressure, electrocardiography
recording and ophthalmology examination. In addition, laboratory
analyses were carried out: toxicokinetic profile, hematology, blood biochemistry, urinalysis, hormone assays (cortisol, estradiol, progesterone,
anti-müllerian hormone) determination of pro-inflammatory cytokines,
anti-drug antibody (ADA) and Troponin I levels. At the end of the study,
a complete histopathology evaluation was performed. No abnormalities
related to the administration of GM102 were observed during the clinical investigations of the in vivo phase. The toxicokinetic profile showed
that systemic exposure of GM102 at the highest dose-level was 318 563
± 54 004 µg.h/mL (AUC0-t) at the end of the treatment period. No effects
were observed at hematology or blood biochemistry investigations. No
abnormalities were observed in the hormone, Troponin I, cytokine or
ADA measurements. At histopathology examinations, no adverse findings were recorded in GM102 treated animals. In conclusion, based on
the clinical observations, hematology and blood biochemistry investigations, and histopathology findings, the highest tested dose-level of
300 mg/kg was considered to be the No Observed Adverse Effect Level.
These findings present a satisfactory safety profile of GM102 in view of
its potential clinical use.
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1692 Nonclinical Safety Evaluation of BMS-986004, a

1696 Toxicological Assessment of Benzyl Chloride As
a Topical Ophthalmic Drug Product Impurity

J. W. Card, H. Fikree, and L. A. Haighton. Intertek Scientific &
Regulatory Consultancy, Mississauga, ON, Canada.
This work was performed to qualify benzyl chloride, a water-soluble
organic synthesis intermediate, as a process impurity in a topical
ophthalmic drug product. Benzyl chloride was not identified in any
approved topical ophthalmic drug products; therefore, information
was identified to address potential local and systemic toxicities due to
topical ophthalmic exposure to this impurity. The maximum dose of the
drug product is two 50 µL drops twice per day in each eye and the active
pharmaceutical ingredient (API) concentration is 60 mg/mL. The proposed specification limit for benzyl chloride is 200 ppm (200 ng/mg) relative to the API, equivalent to 12 µg/mL (0.0012%) in the drug product.
At this limit, a single drop would contain 0.6 µg of benzyl chloride (12
µg/mL x 0.05 mL/drop) and the overall maximum daily exposure level
would be 4.8 µg (4 drops/eye x 2 eyes x 0.6 µg/drop), with half being
administered to each eye (2.4 µg/eye). Local effects were addressed
using rabbit eye irritation study data summarized in a chemical registry
database. A maximum total irritation score of 23.8/110 was reported
at 24 hours after administration of 100 µL of undiluted benzyl chloride. Gradual improvement was observed thereafter and all irritation
scores were zero at Day 10, indicative of complete reversibility. The drug
product concentration of benzyl chloride at the proposed specification
limit (0.0012%) represents an 83,000-fold dilution of undiluted (100%)
test article, suggesting no concerns related to local toxicity. Based on
its relatively high water solubility, it is anticipated that benzyl chloride
would be removed from the eyes via the natural movement of tear fluid
(which is primarily aqueous) into the nasolacrimal ducts and then into
the nasal and oral cavities, with eventual entry into the gastrointestinal
tract. Thus, systemic exposure to benzyl chloride following topical ophthalmic administration would not fundamentally differ from that which
occurs following oral administration. Potential systemic exposure to
up to 4.8 µg/day as an impurity is below the established PDE value for
benzyl chloride of 41 µg/day and which is applicable to all routes of
administration, suggesting no concerns related to systemic toxicity. In
summary, the available information supports daily exposure to benzyl
chloride at up to 2.4 µg/eye due to its presence as a process impurity in
a topical ophthalmic drug product, with adequate safety margins established for local and systemic effects.

164
SOT 2017 Annual Meeting

1697 In Vitro Impurity Qualification Strategy for the
Cytostatic Clofarabine

H. Van der Woude2, A. Sesink2, T. van Achterberg2, E. Clarke1, and D.
Van den Dobbelsteen2. 1ReachBio Research Labs, Seattle, WA; and
2Synthon Biopharmaceuticals B.V., Nijmegen, Netherlands.
Despite many economical, ethical and scientific concerns, in vivo toxicity
studies are considered a default option in impurity qualification. For the
cytostatic clofarabine, we have developed an alternative qualification
strategy based on an in vitro approach, which was supported by the
European Medicines Agency (EMA). Clofarabine is a purine nucleoside
antimetabolite marketed for the treatment of acute lymphatic leukemia in children. Q#1305 is an impurity in clofarabine drug product
that required qualification. The qualification strategy consisted of structure-activity-relationship considerations and the conduct of a tailored
set of in vitro studies to characterize this impurity by assessing its pharmacological potency and its potential contribution to the mechanism
underlying an important human toxicity of clofarabine. The chemical
structure of Q#1305 is not part of the Cohort of Concern. Moreover,
since clofarabine is a genotoxic drug substance, genotoxicity studies
with Q#1305 were considered of limited added value in the context of
the risk assessment of the impurity. The in vitro pharmacological and
toxicological potency of Q#1305 was compared to that of clofarabine in
a set of five human cell lines of bone marrow origin. In addition, because
bone marrow suppression is an important toxicity for clofarabine, the
potency of Q#1305 was compared to clofarabine in a Colony Forming
Assay in human bone marrow cells. The ratio of the IC50 values obtained
provided evidence that impurity Q#1305 is three to four orders of magnitude less potent as cytotoxic agent for human bone marrow cell lines
and as inhibitor of the proliferation of human erythroid and myeloid
progenitor cells, as compared to clofarabine. Moreover, the expected
daily dose of Q#1305 and exposure duration are considered very limited,
since clofarabine is dosed at a maximum level of 104 mg/day for 5 consecutive days in a 4-week dosing cycle. These data provide evidence
that the pharmacological and toxicological activity of impurity Q#1305
can be considered negligible, compared to that of the very toxic drug
substance clofarabine, thereby qualifying this impurity. This in vitro
approach was encouraged by the EMA and demonstrates that in vitro
studies instead of in vivo toxicity studies are clearly acceptable and merit
serious consideration in the context of impurity qualification, in particular for cytotoxic oncolytic agents.

1698 Toxicology Studies of Erdafitinib, a Pan-

Fibroblast Growth Factor Receptor Inhibitor in
Development for the Treatment of Cancer

K. V. Steemans1, H. Bohets1, S. Starckx1, M. Van Heerden1, P. Vinken1,
and G. Verheyen1,2,. 1Janssen Beerse (PD&S), Beerse, Belgium; and
2Thomas More University College (current), Kempen, Belgium.
Sponsor: M. Kelley.
Fibroblast growth factor receptors (FGFRs) have been implicated in
tumor cell growth, survival, and migration and in maintaining tumor
angiogenesis. Erdafitinib, an orally available pan-FGFR inhibitor with
nanomolar activity, is currently in clinical development for the treatment of various cancer types in patients with FGFR over-expression or
other aberrations. First-in-human enabling preclinical toxicology studies
were conducted in rats with continuous and intermittent dosing schedules that mirrored the anticipated clinical dosing schedules. Here we
report key non-clinical adverse findings from these general toxicology
studies. The primary effect associated with erdafitinib is a disturbance
of the calcium/phosphate homeostasis leading to soft tissue mineralization and cartilage (chondroid) dysplasia. Soft tissue mineralization
was observed in multiple organs, including heart and aorta, and was
associated with elevated levels of fibroblast growth factor 23 (FGF-23),
1,25-dihydroxyvitamin D3, serum phosphate and, to a lesser extent,
calcium. Cartilage dysplasia was noted in multiple bones, with hyperostosis and bone remodeling changes, composed of prominent osteoclasts and atrophy of bone trabeculae with presence of erosion lacunae,
mainly observed in the long bones, causing widening of growth plates
on X-rays and clinical signs of limping and sternum/tail deformations.
Bone and cartilage turn-over biomarkers such as C-terminal telopeptides of type 1 collagen were increased and correlated with the histopathological findings. Tooth changes were associated with abnormal
dentin. There was a limited effect of a vitamin D3- or phosphate-adjusted
diet, whereas a diet supplemented with a phosphate scavenger was
able to reduce but not prevent the effects seen. Gene expression analyses of kidney tissue showed induction of CYP27b1 and downregulation of CYP24a1, which is consistent with increased active vitamin D3.
Overall, the results of these mechanistic investigations provided valuable information that was translatable towards clinical development of
this FGFR inhibitor drug candidate, including monitoring of phosphate
as a decisional safety biomarker in the clinic.

1699 Combination Toxicity Study of Two Approved
Cardiovascular Drugs

A. Chester2, C. Voyer1, and L. A. Burns-Naas2. 1Charles River
Laboratories Montreal ULC, Sherbrooke, QC, Canada; and 2Gilead
Sciences, Foster City, CA.
A fixed dose combination (FDC) of the marketed compounds Ranexa
(ranolazineER; Ran) and Multaq (dronedarone; dron) was in clinical
development. A 13-week combination repeat dose toxicity study with
the fixed-dose combination (FDC) prior to Phase 3 trials and for registration was requested by the relevant Health Authority citing insufficient
exposure and study duration of the prior work: a single dose combination pharmacokinetic study; a single dose combination dog safety
pharmacology study and a 4-week repeat dose combination dog toxicity study. Toxicity, preferably at the MTD, was required to be shown
with each individual drug and the FDC. Dose limiting adverse effects in
dogs are convulsions (ranolazine) and emesis (dronedarone). To comply
with the request, dogs (N=4/sex/group) were orally administered clinical tablets of placebo (8 tabs), 3000 mg ranER (3 tabs), 800 mg dron
(2 tabs), a low dose ran/dron FDC (750/224 mg; 2 tabs) and high dose
ran/dron FDC (3000/896 mg; 8 tabs) daily. Despite dose reductions and
dosing holidays, the high dose FDC was terminated early (day 29) due
to tolerability issues; other early terminations of individual animals for
tolerability also occurred in the low dose FDC group (Day 27) and in
the ranolazine only group (Day 2, 3, and 14). No overlapping toxicity or
unexpected toxicity was observed. No new information was gathered in
the 13-week combination toxicity study and the data from the 13-week
combination toxicity study did not add to the overall risk evaluation of
the FDC.

Study of RUC-4 Succinate Alone and In
Combination with Aspirin in Nonhuman
Primates

S. D. Grimes4, C. D. Hebert4, M. Nedelman1, B. Coller3, and P. Terse2.
1Biomere, Boston, MA; 2NCATS, NIH, Bethesda, MD; 3Rockefeller
University, Worcester, NY; and 4Southern Research, Birmingham,
AL.
RUC-4 is a novel αIIβ3 antagonist being developed for prehospital
therapy of myocardial infarction. The objectives of this study were to
determine the pharmacokinetics and maximum tolerated dose (MTD)
of RUC-4 alone and in combination with aspirin when administered by
subcutaneous (SC) injection. RUC-4 was given SC twice (4 hours apart) at
0, 1, 10, and 100 mg/kg/dose and by intravenous injection (IV) once at
1 mg/kg/dose to cynomolgus monkeys (one/sex/group). RUC-4 caused
a dose and time-point dependent inhibition of platelet aggregation.
RUC-4 at doses up to 10 mg/kg/dose caused no clinical signs of toxicity; no effects on body weight, body temperature, or food consumption; and no clear test article-related effects on hematology and clinical
chemistry. Potential test article-related increases in creatine kinase and
lactate dehydrogenase at 100 mg/kg dose were noted, which could be
skeletal muscle-related due to physical activities during dosing. The
maximum tolerated dose for RUC-4 alone was considered to be 10 mg/
kg/dose (20 mg/kg/day). After a 21 day wash-out period, the effect of
aspirin on MTD dose of RUC 4 was determined. Animals received aspirin
(81 mg/dose) by oral gavage followed 2 hours later by 2 SC injections
of RUC-4 (10/mg/kg/dose) 4 hours apart. Aspirin’s effect was confirmed
by the complete inhibition of platelet aggregation to arachidonic acid
prior to dosing with RUC-4. RUC-4 + aspirin caused no clinical signs of
toxicity; no effects on body weight, body temperature, or food consumption; and no clear test article-related effects on hematology and
clinical chemistry. Cmax and AUClast values increased with increasing dose
levels, but the increases were not proportional to dose administered,
indicating non-linear kinetics at 1, 10, or 100 mg/kg. RUC-4 was rapidly
cleared from blood within 0.25 hours following IV administration. There
was no clear indication that administration of aspirin had an effect on
RUC-4 levels in the NHP at the dose tested. In summary, the maximum
tolerated dose (MTD) for RUC-4 alone or in combination with aspirin
was considered to be 10 mg/kg/dose (20 mg/kg/day). (Supported by NIH
Contract No. HHSN271201100005I under BrIDGs Program)

1701 Dose Range-Finding Toxicity Study of RUC-4
Succinate in Mice

C. D. Hebert4, S. D. Grimes4, M. Nedelman1, B. Coller3, and P. Terse2.
1Biomere, Worcester, MA; 2NCATS, Rockville, MD; 3Rockefeller
University, New York, NY; and 4Southern Research, Birmingham,
AL.
RUC-4 is a novel αIIbβ3 antagonist being developed for prehospital
therapy of myocardial infarction. The objective of this study was to
determine the toxicity of RUC-4 given as two subcutaneous (SC) injections separated by 4 hrs in C57BL/6 mice at 0, 10, 100, 300, and 1000 mg/
kg/dose. At doses of 10 and 100 mg/kg, there were no test article-related effects on mortality, clinical signs, body weight, hematology, or
bone marrow. Potential test article-related non-adverse clinical chemistry findings included increases in cholesterol on Day 2 (100 mg/kg) and
decreases in triglyceride on Day 7 (10 and 100 mg/kg). RUC-4 was acutely
toxic at 300 mg/kg (2 doses) and 1000 mg/kg (1 dose). Acute toxicity
manifested as tremors, abnormal breathing, and/or lethargy that led to
moribund removal or death shortly after the first (1000 mg/kg) or second
(300 mg/kg) dose. Blood Tmax of RUC-4 was observed 5-10 minutes after
SC dosing. Cmax and AUClast values increased with increasing dose level,
although increases were not proportional to dose, suggesting nonlinear kinetics. The apparent t½ of RUC-4 was 13.7-22.1 min and 31.745.3 min at the 10 mg/kg and 300 mg/kg dose levels, respectively. On
Days 1 and 2, potential drug-related macroscopic lesions in RUC-4 dose
groups included red discoloration (injection site, skin, urinary bladder
wall) and gelatinous injection site. On Day 7, the only drug-related macroscopic lesion observed was red discoloration of the injection site in
the 100 mg/kg group. On Days 1 and 2, drug-related microscopic lesions
included subcutaneous hemorrhage and inflammation at various sites
(all dose groups), skeletal muscle necrosis (injection site; abdominal,
lumbar, head; 100 and 300 mg/kg), and coagulative necrosis of the renal
tubules, hemorrhage of the muscularis and submucosa of the bladder,
and acute inflammation of the bladder submucosa (300 mg/kg). On Day
7, microscopic lesions included subcutaneous hemorrhage and chronic
inflammation at the injection site in females at 100 mg/kg. Based on
these results, injection site, blood, urinary bladder, and kidney appear

to be target organs of RUC-4 toxicity, with a Maximum Tolerated Dose
of 100 mg/kg (mean AUC 870 min.µg/mL) and No Observed Adverse
Effect Level (NOAEL) of 10 mg/kg/dose (mean AUC of 51 min.µg/mL) for
BID dosing. (Supported by NIH Contract No. HHSN271201100005I under
BrIDGS Program)

1702 Ang2/DLL4 Blockade Mediated Angiogenesis
Signaling and Induced Cardiopathological
Changes in Rat and Cynomolgus Monkey

J. Yuan, M. Thibodeau, J. Smith, and W. Ku. Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT.
Angiopoietin-2 (Ang2) and Delta-like ligand 4 (DLL4) signaling are
known to cooperate with vascular endothelial growth factor (VEGF)
signaling to promote tumor angiogenesis. Targeting the Ang2/DLL4
pathways may provide a new strategy for cancer therapy. BI 836901 is
a bispecific, heavy-chain only antibody-derived biologic (Nanobody(R)1)
that blocks both the ANG2 and DLL4 signaling pathways. To explore
the therapeutic potential of targeting Ang2 and DLL4, we evaluated the
effect of the administration of BI 836901 to both rats and cynomolgus
monkeys in 13 week intravenous toxicity studies. Based on the predicted pharmacologic effect of ANG2 or DLL4 pathway inhibition and
a previous report of heart changes (Yan et al. 2010) related to the DLL4
pathway, the expression of 58 genes related to angiogenesis signaling
pathways, ANG2 pathway, or DLL4 pathway were profiled in heart tissue
after administration of BI 836901. Results from both rat and cynomolgus
monkey studies showed upregulation of these genes in heart tissue,
and suggested target engagement by BI 836901. Expression upregulation was dose dependent as demonstrated by the numbers of genes
upregulated as well as the fold increase in certain genes. The increased
expression, most notably at the high dose, was specifically noted for
CNTN1, CXCR4, CDH5, DLL4, NOTCH1, EGFL7 and ITGB1 genes in rat,
and for KDR, ANGPT2, HES1, NRP1 and DLL1 in the monkey. The expression changes in cynomolgus monkey were consistent with serum biomarker evaluation of VEGF angiogenesis factors and its receptors. The
limited expression changes in low and mid dose group in the cynomolgus monkey study was likely attributed to reduced exposure due
to an anti-drug antibody (ADA) response observed in certain dosed
animals. Comparison of the gene and protein information also increased
understanding of the pharmacodynamic changes in biomarkers and
the effects of ADA. Furthermore, histopathological evaluation of hearts
after BI 836901 administration detected increased interstitium and vascular hypertrophy in the rat study and increased endothelial cells in the
monkey study. Our current studies confirmed that the anti-Ang2/DLL4
Nanobody BI 836901 modulates Ang2/DLL4 mediated angiogenesis signaling pathways in a drug exposure-related manner and induced vascular/interstitial changes affecting heart tissue in both rat and monkey.
Footnotes 1 Nanobody is a registered trademark of Ablynx NV

1703 Assessment of Electrophysiology, Contractility,

and Viability Effects of Three UCB Compounds
on Human-Induced Pluripotent Stem CellDerived (hiPSC) Cardiomyocytes Using the RealTime Cell Analyzer (RTCA) CardioECR Platform

A. Delaunois2, T. de Korte1, M. L. Vlaming1, F. Stevenhagen1, S.
Braam1, and J.-P. Valentin2. 1Pluriomics BV, Leiden, Netherlands;
and 2UCB Biopharma, Braine-l’Alleud, Belgium.
The Comprehensive in vitro Proarrhythmia Assay (CiPA) is a novel cardiac
safety paradigm intended to refine the current S7B and E14 guidelines. One of the CiPA components consists of assessing electrophysiological effects of candidate drugs in hiPSC-derived cardiomyocytes.
Here, we tested the effects of 3 UCB compounds, which failed in (pre-)
clinical phase due to cardiotoxicity, on contractility (i.e. impedance),
field potential (FP) and cell viability on hiPSC-derived cardiomyocytes
(Pluricyte® Cardiomyocytes) using the xCELLigence® RTCA CardioECR
platform. Both acute and long-term (until 24h) effects of 4 concentrations of each compound were recorded in triplicates. For the 3 compounds, an extended dataset was available, including in vitro (cardiac
channelogram), ex vivo (rabbit or dog Purkinje fibers (PF)), in vivo (ECG
in telemetered guinea pigs or non-rodents) and clinical data (UCB-A
only). For UCB-A, irregular beating was detected at clinically relevant
concentrations (0.01-0.1µM) at which cardiac adverse events occurred.
For UCB-B a clear concentration-dependent decrease in depolarization
peak amplitude and cellular impedance was detected from 1µM, suggesting general cytotoxicity. Also, arrhythmia-like events were observed
at 30µM. With UCB-C, the increased FPD in Pluricyte® Cardiomyocytes
correlated with increased APD in rabbit PF and prolonged QTc in guinea
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pigs. In conclusion, using Pluricyte® Cardiomyocytes, potential cardiotoxicities could be identified and most of the effects observed in other
in vitro or in vivo models were confirmed. The use of this model for preclinical safety studies may greatly improve decision making in early drug
development and reduce the use of animal experiments.

1704 In Vitro-In Vivo Extrapolation toward

Assessment of Pharmacokinetic (Cmax) and
Pharmacodynamic (QTc) Consequences of
Multiple Drug-Drug Interactions. Loratadine and
Its Metabolite Desloratadine in Combination
with Various Metabolic Inhibitors As Exemplary
Drugs

B. Wisniowska1, and S. Polak1,2,. 1Jagiellonian University, Krakow,
Poland; and 2Simcyp (A Certara Company), Sheffield, United
Kingdom. Sponsor: B. Wetmore.
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IVIVE/PK-PD platform (Simcyp V15) was used for the prediction of loratadine, its metabolite desloratadine and various metabolic inhibitors
(cimetidine, clarithromycin, erythromycin, and ketoconazole) plasma
concentrations after oral dosing of each drug alone and in combination.
Input data included literature derived in vitro measured information
describing their ADME properties. Simulated free plasma concentrations
of all drugs at time points matching blood sampling and ECG measurement in clinical studies were chosen as the operational concentrations
for the pharmacodynamic effect assessment. Pharmacodynamic effects
of the drugs were simulated using in vitro data describing the inhibitory
effect of the compounds on the main cardiac ion channels (Patch clamp
IC50 values) incorporated as inputs to the ten Tusscher human ventricular
cardiomyocyte model implemented in the Cardiac Safety Simulator (CSS
V2.1). The pseudoECG signal at the population level was simulated. For
drug combinations ion channel inhibition was considered as a simple
additive effect. Pharmacokinetic effects of DDIs were predicted reasonably well. In all but one (cimetidine) case, Simcyp Simulator predicted
increased loratadine exposure (Cmax loratadine+inhibitor/Cmax loratadine alone) similar to the clinically observed values. The raised plasma
concentrations of both, loratadine and its metabolite, were not accompanied by any significant changes in the ECH in the simulations, in line
with clinical observations for these combinations of drugs. Resulting
average baseline corrected DQTcB were from -5.4 to +4 ms (observed)
vs. -8.6 to 1.62 ms (predicted) for loratadine alone and from -3 to +4 ms
(observed) vs. -3.7 to 3.4 ms (predicted). Both simulated pharmacokinetic parameters and pharmacodynamics effects (DQTcB) of loratadine
either alone or in combination with metabolic inhibitors corresponded
well with values observed during the clinical trials. The results indicate
that mechanistic IVIVE can be used to predict clinical effects resulting
from drug-drug interactions at both PK and PD level. References: 1. Clin
Pharmacol Ther. 1995. 58:269-78; 2. Antimicrob. Agents Chemother. 1998.
42(5):1176; 3. Br J Clin Pharmacol. 2000. 50, 581-9.

1705 Drugs in Development That Prolong QTc; Can We
Identify the Good from the Bad?

B. M. Roche, R. B. Borders, J. Ross, K. Kearney, T. Ardrey, and K. Voss.
Charles River Labs, Ashland, OH.
Class III antiarrhythmic drugs are effective in suppressing some of the
most common (e.g., atrial flutter, atrial fibrillation) and some of the most
fatal arrhythmias (e.g., ventricular tachycardia, ventricular fibrillation) by
blocking the potassium channels, thus prolonging the action potential
and refractory period. While blocking the potassium channels is antiarrhythmic against reentrant arrhythmias, prolongation of the action
potential provides the substrate for another type of fatal arrhythmia,
Torsades de Pointes (TdP). ICH S7B has identified prolongation of the
QT/QTc interval as a biomarker for the risk of developing TdP. Therefore,
most drugs in development that progress to IND submission are evaluated, in vivo, for potential to prolong the QT/QTc interval. An in vitro
paradigm is currently being investigated (US FDA) to identify drugs
with potential arrhythmogenic risk; the comprehensive in vitro proarrhythmia assay (CiPA). Cardiac restitution beat-to-beat assessment offers
an in-vivo option to investigate whether beat-to-beat QT/QTc prolongation has an arrhythmogenic risk. Dog QT/QTc prolongation with moxifloxacin and dofetilide were assessed for effects on cardiac restitution.
ECG intervals were measured to assess the QT/TQ ratio, number of beats
exceeding the 98th percentile, QT/TQ ratio to RR scatter plots, regression
curve of the scatter plots and dynamic assessments of the QT/TQ ratio
for both fast and slow heart rates. Post-dose moxifloxacin QT/TQ ratios
were less than 1, so although the QTc prolonged (approximately 20
msec) the ventricle was able to rest (electrically) between beats. A low
risk for the generation of an arrhythmia. Low doses of dofetilide resulted
in QT/TQ ratio values less than 1, indicating low risk for generation of
arrhythmia for QTc prolongation of approximately 25 msec, whereas the

high dose increased the QT/TQ ratio with more values greater than 1, an
increase in the number of beats above the 98th percentile with a steeper
regression curve spanning the RR range; indicating an arrhythmogenic
risk. Cardiac restitution allows for beat-to-beat assessment of the QT/
QTc interval to determine arrhythmogenic risk.

1706 Validation of a Neuropharmacologic Screen

As a Safety Pharmacology Study in Rats
Administered Oral D,L-Methylphenidate HCl or
Chlorpromazine HCl

L. D. Hopper, P. Kruzich, A. Hermann, and N. Suttles. BASI, Mount
Vernon, IN.
The International Conference on Harmonization (ICH)7A regulations
were developed to protect clinical trial participants receiving investigational test articles from adverse pharmacodynamic effects. The Safety
Pharmacology Core Battery of ICH7A seeks to investigate cardiovascular,
respiratory, and central nervous system (CNS) functions potentially
impacted by investigational test articles. The goal of this study was to
validate a simplified modified Irwin assay where behavioral observations
in treated groups are compared to control animals across time points to
aid in determining possible CNS and autonomic nervous system (ANS)
effects of administered drugs. Groups of 10 male Sprague-Dawley rats
were administered vehicle, 20 mg/kg chlorpromazine (CPZ), an antipsychotic drug, or 50 mg/kg methylphenidate (MPH), a psychostimulant,
orally by gavage (5 mL/kg). Animals were observed prior to administration and at 0.5, 1, 2, 4, 8, and 24 hours following administration.
Evaluations included home cage observations, hand-held observations,
open field observations, elicited behaviors, and rectal temperatures.
Administration of CPZ and MPH was associated with time-dependent
CNS and ANS changes in activity, vocalization, startle response, ptosis,
and several elicited behaviors observations. Our results suggest this simplified format complies with ICH7A guidelines and is valid for CNS and
ANS screening of novel compounds in support of Investigational New
Drug-enabling studies.

1707 Assessment of Seizure Activity in the

Telemetered Dog: A New Procedure Using the
Rodentpack System

E. Hayes, and G. Peyon. Porsolt Sas, Le Genest Saint Isle, France.
Sponsor: G. Froget.
Assessment of proconvulsant risk is an important step in the drug
development process. Evaluation in the dog may complement rodent
studies as cardiovascular and brain parameters can be assessed in a
single experiment. The aim of the present study was to validate the use
of a novel telemetry system in the dog (rodentPACK, EMKA technologies), usually recommended for applications in the rat. Two dogs were
implanted with two surface electrodes placed over the fronto-parietal
cortex. Electroencephalogram (EEG) signals were recorded by plugging a telemetry transmitter to the head connector placed on the skull
of the animals. The quality of the signals was checked in restrained or
non-restrained conditions before evaluating two substances known for
inducing seizure activity. Administration of Pilocarpine at 125 mg/kg, in
one dog restrained in a sling, induced seizure activity accompanied by
clonic-tonic convulsions. Gamma Butyrolactone at 1000 mg/kg induced
slow wave discharges from 1 to 4 hours after administration, in one dog
evaluated in non-restrained conditions. The increase of low-middle frequencies was confirmed by spectral EEG analysis. During this period,
the dog was immobile, suggesting the presence of absence seizures.
This study demonstrates that the rodentPACK system can be a valuable
tool for studies on proconvulsant risk in the context of safety pharmacology studies in the dog. The use of this system in non-restrained conditions may be advantageous, allowing for an increase in the duration of
recording. In case of a high probability of seizure, the restrained conditions should be preferred for ethical reasons.

of Neurobehavioral or Open Field Observations
in Rats

M. Wilichinsky2, S. Moores2, A. Carey2, K. Bowenkamp2, A. S. Ray2,
A. Chester2, A. Sharma1, M. Butt3, L. Muhumuza1, and L. A. BurnsNaas2. 1Covance Inc., Madison, WI; 2Gilead Sciences, Inc., Foster
City, CA; and 3Tox Path Specialists LLC, Frederick, MD.
In a 4 wk rat study, the antiviral agent C-331 produced dose-related vacuolation in white matter tracts of the brain with no concurrent neuronal
loss, gliosis, or neurological deficits. No effects were noted in routine
safety pharmacology studies. Vacuolation was not observed in cynomolgus monkeys after 4 weeks up to 10-fold expected clinical exposures.
A follow-up 13 week study with 4 week interim was undertaken prior
to IND. Rats (20-25/sex) were administered C-331 orally daily at 0, 100,
300, or 1000 mg/kg/d for 4 or 13 weeks. At the end of 13 weeks, 5/sex
of the 0 and 1000 mg/kg/day rats continued for an additional 4 week
treatment-free (recovery) period. Reductions in BW (up to 15%), BW
gain (up to 50%) and FC (up to 16%) were observed in rats administered
≥300 mg/kg/day, but were not considered adverse. Small, dose-related
increases in liver weights were observed in animals at all dose levels
after 4 and 13 week, with minimal clinical pathology and no microscopic
correlates. No TA-related clinical observations, changes in neurobehavioral or open-field observations, or ophthalmic findings occurred. Clonic
convulsions were observed in 1M (100; 3 total; between week 10 and
13) and 2M/3F (1000; 15 total; between week 6 and 14) but could not be
definitively correlated with histology. At all dose levels, widespread vacuolation affecting predominantly white matter areas was observed in
the brain. The most consistently affected areas were white matter of cerebellum, thalamus, and striatum. The severity of vacuolation progressed
from 4 to 13 weeks and did not reverse during the 4 week treatment
free period. Osmicated/resin embedded sections of brain suggested
the change was most likely due to vacuolation of oligodendrocyte cytoplasm, although splitting of myelin sheaths could not be ruled as contributing to the appearance of the white matter. The mechanism was
not apparent. QWBA indicated C-331 did not cross into brain. There was
no accumulation after multiple dosing. Plasma exposures at the LOEL
at the end of dosing were <19-fold relative to the anticipated efficacious clinical exposure. Because of multiple unknowns, including explanations for the convulsions, the lack of neurobehavioral signs, species
specificity, and the potential human significance, C-331 was placed on
development hold.

1709 Triple Cannulation Approach for Biodistribution
Studies of Neurologically Active Compounds in
the Nonhuman Primate

J. Douville2, G. Iacono2, C. Copeman2, and T. Magee1. 1Biogen Inc,
Cambridge, MA; and 2Charles River Laboratories, Montreal, QC,
Canada. Sponsor: M. Vezina.
In the past few years there has been increased interest in the development of novel therapies to treat neurological diseases, as they represent an unmet medical need. For compounds unable to efficiently cross
the blood-brain barrier or have too short of a systemic half-life to reach
their target, direct delivery in the central nervous system (CNS) may be
required. Herein, we present an optimized study design to evaluate biodistribution of an intrathecally administered compound in nonhuman
primates that involves triple cannulation into the CNS and extensive
nervous tissue sampling. Following an analgesia and antibiotic protocol,
14 animals were surgically implanted with an intrathecal catheter at the
lumbar level via microlaminectomy and durotomy procedure for dose
administration and cerebrospinal fluid (CSF) collection. A second catheter was implanted in the cisterna magna via incision of the atlanto-occipital membrane for CSF collection. Both catheters were connected
to subcutaneous access ports in the scapular region. Finally, a needle
guide port was implanted using a stereotaxic approach to access the
lateral ventricle for CSF collection. A post-operative period of 14 days
was allowed, and animals were distributed into 4 subgroups to allow for
sparse sampling of blood and CSF from the 3 locations over 168 hours
to assess extent of distribution over time following intrathecal administration of the compound, as well as comprehensive tissue sampling at
different time points. Two animals were considered unsuitable for use
(post-surgical complications). The remaining 12 animals showed complete post-operative recovery. At study initiation, all 12 animals were
patent for dosing and CSF collection at the lumbar site; 9/12 remained
patent at the cisterna magna site; 8/12 remained patent at the ventricle
site 4 weeks following surgical implantation. Despite loss of patency
at a few sites, the primary endpoints of the study were maintained by
evenly distributing the animals across time points and sampling based
on the patency. In addition to CSF sampling, tissues were obtained at

the terminal time point from each animal and included lumbar, thoracic
and cervical spinal cord, forebrain, midbrain, cerebellum and medulla
oblongata. Based on the post-surgical recovery and sampling success,
the triple cannulation method is a suitable approach to determine biodistribution within the CNS.

1710 Magnet Resonance Imaging and Computer

Tomography during the Conduct of Regulatory
Studies with Nonhuman Primates: Can Enhanced
Imaging Secure Your Study?

S. Grote-Wessels1, S. Korte1, F. Runge1, T. Voß1, A. Von Keutz1,
and M. Wozniak2. 1Covance Preclinical Services GmbH, Muenster,
Germany; and 2Medical University of Lublin, Lublin, Poland.
The cynomolgus monkey represents an important primate model for
preclinical safety evaluation, as it has shown to predict toxicity and
pharmacodynamics of many pharmaceuticals under development. The
present work examined the use of multi-slice spiral computed tomography (CT) and magnet resonance imaging (MRI) for additional in vivo
imaging during the conduct of regulatory non human primate (NHP) toxicity studies. Two geriatric monkeys (≥ 10 years, 4.0 and 6.7 kg) and one
monkey (2 years) were subjected to in vivo imaging during the course
of a regulatory toxicity study (CT) or directly after quarantine (MRI).
Animals were sedated with S-ketamine and medetomidin for the entire
duration of transport and examination (approx. 20 min.). They were
placed within the scanner in a prone position with no further fixation.
For CT imaging of the skeleton a 6.3 MHU Performix Ultra Tube 24 x 912
HiLight Detector VariSpeed 0.5-4.0 s scan time (360°) was used. The raw
data were reconstructed in 3 mm maximum intensity projection (MIP)
thin range and multiplanar mode (MPR) in axial, sagittal and coronal
planes. For MRI, an Excite Echospeed SR120 GE scanner performing
coronal T1 and T2 weighted sections and axial T1 and T2 weighted sections was used, with and without administration of contrast agent such
as intravenous gadoliunium. The animals were sedated for approx. 50
min. CT examined monkeys showed severe degenerative changes in
multiple joints with the appearance of arthritis. Improved functional (T2
weighted) MRI with axial images revealed a unilateral enlargement of
the posterior cornus of the left lateral ventricle and thin cerebral tissue in
this area, typical for a hydrocephalus internus. The implementation of in
vivo imaging techniques supports detection of background findings in
NHP`s. Enhanced imaging can serve as a bridging tool between clinical
signs and the microscopic assessment. This is useful for excluding specific animals from being assigned to regulatory toxicity studies and aids
in determining procedural-related side effects. Enhanced imaging could
also be used to identify animals with spontaneous pathology that are
suitable for efficacy testing in the NHP.

1711 Ultrastructural and Immunohistochemical

Evaluation of PEG Related Vacuoles in NHP

L. Mecklenburg2, P. Blackshear1, and S. Grote-Wessels2. 1Covance
Laboratories Inc., Greenfield, IN; and 2Covance Preclinical Services
GmbH, 48165 Muenster, Germany. Sponsor: G. Weinbauer.
Many biopharmaceuticals in preclinical development are covalently
bound to polyethylene glycol (PEG) molecules in order to prolong and
optimize their pharmacokinetic and/or pharmacodynamic behaviour.
Repeated administration of such pegylated compounds may lead to
PEG-related cellular vacuolation in several tissues, which is a well-known
histologically observed phenomenon (Ivens at al. 2015). The character
of PEG-related vacuoles has not been described on a subcellular level so
far. We hereby present further insights into PEG-related vacuoles gained
by transmission electron microscopy (TEM). In the scope of a repeated
dose toxicity study, several cynomolgus monkeys were administered
with a pegylated test article and histologically showed vacuoles within
the choroid plexus epithelium and in macrophages of the adjacent connective tissue. Samples of the choroid plexus were taken at necropsy
and routinely processed for TEM. Slides from formalin-fixed paraffin-embedded choroid plexus tissue were stained with an antibody against
PEG. Immunohistochemical staining confirmed that the vacuoles
detected by light microscopy and TEM contained PEG. TEM revealed
electron-lucent and membrane-bound small (<3µm across) and large
(>3µm across) vacuoles in the epithelial cells and in macrophages of the
adjacent connective tissue. The vacuoles noted in epithelial cells and in
the macrophages were identified as lysosomes given the presence of
some highly electron dense material eccentrically displaced to one side.
There was no evidence of alterations of the cell ultrastructure (nuclear
chromatin density, mitochondria, rough endoplasmic reticulum, Golgi
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apparatus, basolateral and apical membranes, microvilli and cilia). This
study confirms that PEG-related vacuoles in choroid plexus epithelium
and macrophages are in fact lysosomes and it contributes further evidence that this intracellular accumulation of PEG-related material is not
associated with any evidence of cellular degeneration.

1712 Development of a Phototoxicity Testing

Strategy for Accurate Photosafety Evaluation
of Pharmaceuticals Based on the Assessment of
Possible Melanin Binding Effects

J. Reinen, P. van Sas, T. van Huygevoort, L. Rubio, K. Scase,
and M. Wenker. Charles River Laboratories Den Bosch B.V.,
‘s-Hertogenbosch, Netherlands. Sponsor: H. Emmen.
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Drug-induced phototoxicity arises when a drug absorbs natural sunlight
which leads to a chemical reaction causing cellular damage. Distribution
to light-exposed tissues is critical during this process and the accumulation is enhanced by binding to melanin in skin and eyes. Therefore,
melanin binding effects should be assessed during photosafety evaluation. The International Council on Harmonization S10 guidance
document on photosafety evaluation of pharmaceuticals states that:
“although non-pigmented animals are generally more sensitive to light
for detecting phototoxicity, a pigmented model should be considered if a
compound has a high affinity to melanin.” In the current study, an in vitro
melanin binding assay was evaluated as a prescreening tool for animal
model selection for in vivo photosafety studies. First, binding of various
structurally diverse phototoxic drugs to synthetic melanin was investigated in vitro. From this screening experiment, the high affinity binder
sparfloxacin (SPX), the moderate affinity binders 8-methoxypsoralen
(MOPS) and nalidixic acid (NA) and the low affinity binder pirfenidone
(PIF) were selected for in vivo studies. For these drugs, skin tissue concentrations and the corresponding phototoxic effects were assessed
using the pigmented Brown Norway (BN) and the non-pigmented Wistar
Albino (WA) rat models. For SPX, the pigmented BN model showed significantly higher SPX skin tissue concentrations when compared to the
non-pigmented WA model. In addition, the highest phototoxic skin
response was induced in the pigmented BN model. For MOPS, NA and
PIF the pigmented BN and the non-pigmented WA model showed no
differences in skin tissue concentrations. For MOPS comparable skin
responses were seen for both models. NA showed a higher response for
the non-pigmented WA model while PIF showed no response in both
models. It was concluded that the in vitro melanin binding assay offers a
useful tool to predict the accumulation of compound in the skin. Overall,
a combined in vitro/in vivo approach was developed that can be applied
for accurate photosafety evaluation of pharmaceuticals.

1713 Evaluation of Skin Phototoxicity Study Using SD
Rats and an Attempt of General Toxicity Study
Incorporating Phototoxicity Assessments

to Tmax. These results suggest that phototoxicity assessments could be
incorporated into general toxicology study. Incorporating phototoxicity
assessments reduces number of studies and animals. It contributes to
shortening of the study period as well as 3R principles in animal experiments. Moreover, it provides the effect of repeated dose. This makes us
to evaluate phototoxic risk of compounds clearly.

1714 The Incidence of Rodents Rejected from
Nonclinical Toxicology Studies Due to
Ophthalmology Findings

P. Mansell, M. Vezina, C. Copeman, and A. Adamou. Charles River
Laboratories, Senneville, QC, Canada.
Knowledge of the incidence of albino rodents that are rejected in prestudy ophthalmology screening can assist in optimising the number of
animals required for non clinical toxicology studies. Rodents are considered unsuitable for placement on studies if ophthalmology findings are likely to preclude subsequent ocular examinations. Typical
criteria for rejection are lens opacities and anterior chamber defects.
Ophthalmologic data from approximately 4300 Sprague Dawley IGS
rats, 3300 Wistar (Hannover) rats and 7300 CD1 mice between 4 to 6
weeks of age was evaluated and the numbers of animals rejected due
to ocular findings compared. All animals were given a mydriatic agent
and subjected to funduscopic (indirect ophthalmoscopy) and biomicroscopic (slit lamp) examination by a veterinary ophthalmologist.
Analysis of the data showed that the incidence of rejected rats was
similar in both strains and that there was an apparent sex difference.
In Sprague Dawley IGS rats, the mean rejection rate was 4.1% sd 1.6 in
males and 2.3% sd 1.3 in females. In Wistar (Hannover) rats, the mean
rejection rate was 3.8% sd 2.0 in males and 1.7% sd 1.0 in females. In
CD1 mice the incidence of findings was considerably higher; 15.2% sd
3.6 in males and 11.5% sd 2.2 in females. By recognising the incidence
of pre-study ocular findings it is possible to optimise the total number of
spare animals to consider for possible replacement, rather than using a
higher more conservative number for a particular study where ophthalmology is a parameter of interest. Knowledge of these incidences helps
monitor colony drifts from a given supplier, can assist interpretation of
findings and has also permitted further refinement opportunities, by
restricting the number of animals being examined during the pre-study
examination to a proportion of animals equivalent to the total number
required for main and recovery populations and sufficient additional
animals to allow for replacements rather than performing examinations
on all animals, including those that may be used for subpopulations (e.g.
toxicokinetics).This modification in approach has allowed a reduction in
rat use of up to 10% compared to previous years.

1715 Comparison of Routine Clinical Pathology

Parameters of Cynomolgus Monkeys at Different
Ages

Y. Yonezawa, K. Hashimoto, and H. Nejishima. Kaken
Pharmaceutical Co., Ltd., Shizuoka, Japan. Sponsor: K. Yoshinari.

L. Guo, S. McPherson, M. Chen, and C.-E. Cheng. Wuxi AppTec,
Suzhou, China.

Guinea pigs are the most frequently used animals in phototoxicity
studies. However, general toxicity studies most often use SpragueDawley (SD) rats. In the present study, we examined whether skin phototoxicity studies could be performed using SD rats. A total of 19 drugs
which have phototoxic potential and 3 known phototoxic compounds
(8-methoxypsoralen; 8-MOP, Acridin and Anthracene) were administered transdermally to guinea pigs and SD rats. Eleven of the potentially
phototoxic drugs and 2 compounds with known phototoxicity (8-MOP
and anthracene) were also administered orally to guinea pigs and SD
rats. After administration, the animals were irradiated with UV-A and
UV-B. In the transdermal administration study, all of the known phototoxic compounds and 7 of the drugs induced phototoxic reactions. In
the oral administration study, both known phototoxic compounds and
5 drugs induced phototoxic reactions in both species. The concordance
rate of guinea pigs and SD rats was 100% in the transdermal administration study and 85% in the oral administration study. This study demonstrated that phototoxicity studies using SD rats have the same potential as guinea pigs. Additionally, we examined whether phototoxicity
assessments can be incorporated into general toxicology study using SD
rats. Animals were allocated to a total of 3 groups, including single dose
group, repeated dose group, repeated dose plus toxicokinetics (TK)
group and 8-MOP was transdermally and orally administrated to animals.
Single dose group were irradiated after single administration. Repeated
dose and TK groups were irradiated after 8-day repeated administration,
additionally blood samples were collected from TK group on day 1 and
day 7 during the administration. 8-MOP showed skin reactions in the
all groups. And there was no difference in the degree of skin reaction
among 3 groups. In the TK measurement, all phototoxic compounds
were detected in plasma samples, and the irradiation timing was close

The Cynomolgus Monkey (macaca facicularis) is routinely used in preclinical toxicity testing. The common age on monkey studies is 2-4
years, however, for certain drugs it is necessary to have sexually mature
animals on study and conversely for drugs that are targeted at young
children animals are required. A comparison of common hematology
and clinical pathology data between young monkeys (2-4 years old)
and sexually mature monkeys (5-7 years old) was made. Data of control
animals from completed toxicology studies were used to see if there
were any differences for the animals between 2-4 years old (young) and
5-7 years old (sexually mature). The results from the two data sets were
analyzed using the young Cynomolgus Monkeys as reference control
point. Analysis of the hematology data showed that sexually mature
monkeys had slightly increased absolute neutrophils count (NEUT) and
absolute monocytes count (MONO) in both sexes, increased reticulocyte
count (RET) and absolute basophils count (BASO) and decreased absolute lymphocytes count (LYMP) in males, and increased leukocyte counts
(WBC) and decreased RET in females relative to the young monkeys.
Differences in clinical chemistry were observed for male and female sexually matured monkeys included a reduced alkaline phosphatase (ALP)
and albumin/globulin ratio (A/G), and increased creatinine (CRE) and
potassium (K) when compared to the young monkeys. In addition, slight
decreases in total bilirubin (TBIL), γ-glutamyltransferase (GGT), urea, and
globulin (GLB), and increases in glucose (GLU) were noted in male sexually matured monkeys. Slight increases in aspartate aminotransferase
(AST), total cholesterol (TCHO), and GLB were noted for the female sexually matured monkeys relative to the young monkeys. Whilst the data
showed no major differences in parameters between the two cohorts at
different ages it is strongly recommend that separate data sets are maintained for the interpretation of clinical pathology data.

Pan Collection for Urine Assessment in
Cynomolgus Monkeys

C. Parente, M. Guillot, S. Martin, T. Gruetzner, S. Cotton, A. Varela,
C. Copeman, and F. Poitout. Charles River Laboratories, Senneville,
QC, Canada.
Rationale: Urine samples from Cynomolgus Monkey are often collected
via a cage pan. Durations can vary from an overnight collection during
which animals are fasted but have access to water, or alternatively using
an early morning approach. For overnight collections, water is provided,
to limit the risk of renal toxicity, but water contamination is a frequent
issue. Objective: Comparison of results from early morning pan versus
overnight pan collection was performed. Experimental procedure: For
early morning collections, 20 Cynomolgus Monkeys (4 males and 16
females, 2-4 yrs of age) were food deprived overnight, and at the end of
the dark cycle pans for urine collection were placed and animals water
deprived. Lights were turned on and urine samples collected when sufficient urine was available, over a period of up to 4 hours (target volume
of 6 mL). Urinalysis, urine chemistry and urine bone resorption marker
analyses were performed with validated assays on an Atlas analyzer
(Siemens, US), a Modular P800 biochemistry analyzer (Roche, US) and
using singleplex ELISA methods, respectively. Results: Once the lights
were turned on, the natural inclination of monkeys is to urinate, and
most voided sufficient volumes (17/20 individuals; 11-87 mL) within 15
minutes. Parameter values were compared to historical values obtained
using overnight collection: urine collected in the morning was more concentrated (15/20 urine specific gravity of 1.011 to 1.036), and had lower
numbers of bacteria. Other urinalysis parameters (pH, glucose, proteins,
blood, bilirubin, ketones) and bone resorption markers (Collagen I N
and C-terminal telopeptides, and Deoxypyridinolin) were in the same
range as historical controls. Urine chemistry provided fewer values
below limit of quantification (LOQ) for phosphorus, sodium and chloride. Several parameters presented mildly higher values but were within
historical ranges (calcium: 5.3 to 86 mg/dL; creatinine: 27.5 to 125.6 mg/
dL; gamma-glutamyltransferase: 27 to 112 U/L; potassium: 23 to 64.6
mmol/L; proteins: 0.05 to 0.10 g/L; albumin: 2-19 mg/L; N-acetyl-β-Dglucosaminidase: 0.7 to 9.9 U/L). Conclusion: Short term urine pan collection is an easy and stress minimizing technique that yielded acceptable results in Cynomolgus Monkeys. Urine was more concentrated and
less contaminated than the overnight collections and provided fewer
values below LOQ in urine chemistry.

1717 Urine Collection for Group-Housed Mice

in Toxicology Studies Using the LabSand®
Techniques–An Alternative Method

N. Doyle, C. Germain, M.-C. BarmaHamel, k. Larocque, V. Allegret,
A. Varela, C. Parente, and F. Poitout. Charles River Laboratories,
Senneville, QC, Canada.
There are many limitations associated with urine collection in mice
including urine volume obtained, extended fasting period and separation of group housed males that increases the incidence of fighting
when returned to co-housing. The LabSand® urine collection technique
addresses these issues and offers a refined procedure in line with the
3Rs, providing valuable advantages to toxicology studies. LabSand® is
a hydrophobic, commercially available sand that keeps the urine afloat.
The bottom of the bin is covered with the LabSand® and urine drops
can be collected using a pipette. This study compared the standard urinalysis and urine chemistry parameters values from single housed mice
in metabolic cages to values obtained from group-housed mice using
LabSand®. The urinary volume obtained was dependant on the time
of collection. Twenty seven CD-1 females (3/cage) were placed in solid
bottom cages with LabSand® or placed single in metabolic cages. The
animals were food deprived with access to water for the duration of the
urine collection. The urine from each cage was collected over a target
period of 4-5 hours and analyzed for standard urinalysis parameters
(using multistick 10SG) and chemistry parameters (using modular p-800
analyzer). A 5-hour collection period provided a higher volume of urine.
In addition, collecting the urine later in the day from 3 to 7 pm, when
mice are more active, provided a higher urinary volume. The volume
of urine obtained with LabSand® when using the optimal conditions
varied between 50 to 470 µL (4/9 cages with volume of approximately
300 µL). Results obtained with the two collection techniques provided
similar urinalysis results (specific gravity, pH, blood, glucose, proteins,
bilirubin, ketones) or urine phosphorus, sodium, chloride; however urine
calcium and potassium were elevated. Additionally, mice urine collected
via metabolic cages was analyzed for urine chemistry parameters before
and after contact with LabSand®, to mimic the in vivo conditions. Pre

and post results were comparable for urinalysis and showed differences
within 30% for urine chemistry. The LabSand® technique is considered
an acceptable alternative for urine collection on toxicology studies
for urinalysis, particularly with group-housed males where the singly
housed metabolic cages are not optimal.

1718 Comparison of the Long-Term Effects on

Survival, Body Weight, and Food Consumption
in Two Strains of Rats Used in Toxicology Studies
Given Diets of 14% or 18% Protein Content

R. Massarelli, P. Mansell, A. Adamou, and C. Copeman. Charles River
Laboratories, Senneville, QC, Canada. Sponsor: M. Vezina.
Sprague Dawley and Wistar (Hannover) rats are commonly used in nonclinical toxicology studies. The long-term effects of protein content in
the diet (14% vs 18%) on survival, body weight and food consumption
were assessed in rats housed in a conventional non-barrier facility. Rats
that had been dosed by oral gavage and had been maintained in group
housing (up to 3/sex/cage) were included in this assessment. A combined total of 1220 male and 1220 female rats from studies of up to
2 years in duration that were conducted in our facility between 2008
and 2016 were used for the assessment. Survival in Sprague Dawley rats
fed a 14% protein diet was comparable to that of rats provided an 18%
protein diet (34% vs 35% for males and 34% vs 37% for females given a
14% protein diet vs 18% protein diet, respectively). The same conclusions were drawn for Wistar Hannover rats fed the different diets (65%
vs 77% for males and 72% vs 67% for females given 14% protein diet
vs 18% protein diet, respectively). Protein content in the diet appeared
to have no effect on survival over a two-year period. Mean food consumption for males and females were comparable between those fed
the 14% protein diet and those provided the 18% protein diet for both
strains. Protein content in the diet appeared to have no effect on food
consumption over a two-year period. Mean body weight for males and
females were comparable between those provided the 14% protein
diet and those provided the 18% protein diet for both strains. Protein
content in the diet appeared to have no effect on body weight over
a two-year period. Based on the available data, there appeared to be
no differences in survivability, food consumption or body weight in
Sprague-Dawley or Wistar Hannover rats when comparing diets containing 14% or 18% protein content in studies up to 2-years in duration.
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1719 A Comparison of Selected Organ Weights and
Clinical Pathology Parameters in Male and
Female CD-1 and CByB6F1 Hybrid Mice 12-14
Weeks in Age

L. Diehl, and M. Morse. Charles River, Spencerville, OH.
The evaluation of organ weights and clinical pathology parameters in
toxicology studies is essential in the safety assessment of pharmaceuticals and chemicals. Two mouse strains commonly used are the CD-1
mouse in general toxicology studies and the CByB6F1 hybrid (Tg.rasH2
non-transgenic littermate) mouse in range-finding studies for dose
selection for 26-week oral carcinogenicity studies in CByB6F1 Tg rasH2
(transgenic) mice. Organ weight data from 10 standard organs (adrenal
gland, brain, heart, kidney, liver, lung, ovary, spleen, thymus, and uterus),
hematology parameters consisting of 8 red blood cell parameters, platelets, and the white blood cell count (7 parameters), and clinical chemistry
parameters consisting of liver (9 parameters) and kidney (8 parameters)
function tests, and a lipid panel (2 parameters) were compared. One
difference in the organ weight data consisted of a greater than 2-fold
increase in adrenal gland weight was evident in CD-1 females compared
to CByB6F1 Hybrid females. Three notable differences were observed
in the clinical pathology data and included a 3.4-fold increase in absolute neutrophils in CByB6F1 Hybrid females compared to CD-females,
a 2.5-fold increase in absolute lymphocytes in CD-females compared to
CByB6F1 Hybrid females, and an up to 4-fold increase in total bilirubin
in CD-1 males and females compared to CByB6F1 Hybrid males females.

1720 Failed Dose Formulation Analysis during a GLP
Study–Now What?

K. Mease, A. Kimzey, and J. Lansita. Toxstrategies, Katy, TX.
The conduct and interpretation of toxicology studies depends on an
accurate measurement of the dose-response relationship. Critical to the
study conduct is that the intended concentration of drug to be delivered be within 15% of the nominal dose. In GLP toxicology studies, the
dosing formulations are evaluated after preparation to confirm accuracy, on at least one dosing day. What happens when a dose is substan-
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1716 Comparison of Early Morning versus Overnight

tially different from that intended during a pivotal GLP study? Herein, we
present a root-cause decision tree developed from a case study in which
the concentration of the dosing solutions varied from the nominal dose
by as little as 4%, up to as much as 62%, the investigation conducted to
determine the actual amount dosed on each dosing day, and the cause
of the inaccurate doses. Detailed documentation and reserve samples
were critical to the investigation. Hypotheses regarding the root cause
were identified and systematically evaluated, including errors in test-article handling, dose preparation calculations, dose formulation analysis
dilutions, contamination, degradation, and incorrect concentration of
the bulk test article containers. Using a decision tree and additional analytical testing, multiple potential process failures were ruled out, and
it was determined that the bulk containers held test article that was
unevenly distributed and not adequately mixed prior to aliquoting,
and that this occurred on multiple occasions during work by multiple
technicians. The decision tree can be applied in any investigation of a
dose preparation process failure, to determine the underlying cause and
ensure that accurate dose levels are administered in future studies. For
this specific case, additional mixing steps and analytical testing were
incorporated to ensure the use of homogeneous test article in preparing
dose formulations for future studies that adhere to the 15% range about
the nominal dose.

1721 Investigating the Cause(s) of PK Variability in

Preclinical Studies: Impact on Preclinical Toxicity
Study Design

S. K. Mukherjee. Merck and Co., Inc, West Point, PA. Sponsor: A.
Galijatovic-Idrizbegovic.
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Variability in pharmacokinetics can lead to significant issues throughout
drug development. Pre-clinically, it may lead to overlap in exposures
between dose groups which can preclude establishing adequate safety
margins in toxicology studies. In both preclinical and clinical studies, it
can result in failure to clearly define a dose-exposure relationship. It is
therefore critical to proactively understand and evaluate the causes and
risks of drug molecule PK variability and methods to address it. An exercise was undertaken to define PK variability in preclinical studies by evaluating the variability in systemic exposures seen across a wide range of
compounds. The impact of route of administration, species, and dose on
PK variability was also assessed. Drug physicochemical properties were
also evaluated in terms of their ability to cause PK variability. Based on
the data, the following conclusions were reached: 1. PO dosing leads
to greater PK variability than IV dosing 2. PK variability increases with
dose - higher the dose, the more the PK variability 3. Rat<Monkey<Dog
in terms of PK variability 4. BCS class II and IV compounds exhibit more
PK variability than BCS class I compounds (not enough Ns to comment
about BCS Class III compounds) 5. Solubility (SGF: FaSSIF ratio) has a
big impact on PK variability, especially in dogs given the inter-animal
and intra-animal gastric pH variability in dogs 6. Partition coefficient has
limited impact on PK variability (high clogP) 7. Other factors like molecular weight, HBD, HBA, PSA, permeability and charge class did not seem
to impact PK variability The impact of PK variability in preclinical studies
needs to be assessed in the context of expected toxicity findings and
safety margins. For relatively safe compounds with acceptable safety
margins which exhibit PK variability, it would be wise to space doses
as far apart as possible to minimize the chances of overlap of systemic
exposures between doses. However, for compounds with variable PK
where toxicity is observed at low safety margins, it would be prudent to
understand the physicochemical properties and their potential impact
on absorption, to optimize for enhanced FaSSIF solubility and to minimize pH dependence on absorption.

1722 Prevalence, Frequency, and Impact of Safety

Related Issues throughout the Pharmaceutical
Life Cycle

J. P. Valentin2, and W. S. Redfern1. 1AstraZeneca R&D, Cambridge,
United Kingdom; and 2UCB Biopharma SPRL, Braine L’Alleud,
Belgium.
Over the last 50 years, safety issues have remained a significant and
constant cause of drug discontinutation (~20-30%) during preclinical and clinical development and post-approval. However, the target
organ toxicity profile associated with small molecule drugs has evolved
over the years. In addition adverse drug reactions (ADRs) may not be
severe enough to result in discontinutation but may be dose-limiting,
slow down progression during clinical development, delay registration,
or impact the overall benefit-risk for patients. Information from published reviews and from commercially available databases have been
collected and analysed to determine the frequency, prevalence of ADRs
and their impact in terms of drug attrition, across 12 toxicity domains.
In order of discontinuation of marketing since 2000 these were cardio-

vascular, nervous system, hepatic, immunotoxicity/photosensitivity/
dermatology; gastrointestinal; musculoskeletal; respiratory; carcinogenicity; haematology/bone marrow; renal; reproductive toxicology;
genetic toxicology; other. Cardiovascular issues are a major contribution
to the attrition of candidate drugs, with a drop off during Phase I, then
picking up again during later stages of clinical development and into
the marketing phase. The contribution to attrition from nervous system
safety issues is relatively low preclinically, but then its impact on projects increases during Phase I and is maintained throughout the pharmaceutical life cycle. Some organ systems (eg hepatotoxicity; immunotoxicity, photosensitivity and dermatology) are associated with significant
ADRs and attrition in clinical development but not during preclinical
stages. Gastrointestinal issues are often associated with severe ADRs in
early clinical development and post approval although not necessarily
leading to drug discontinuation; together with nervous system ADRs
they are the commonest in terms of product labeling. The different
target organ toxicity profiles reported throughout the pharmaceutical
life cycle identified in the current analysis highlights some potential
opportunities to further improve the early identification and reduction
of hazards for new drugs, in addition to improved risk assessment, management and mitigation.

1723 The Effects of Lower Protein Diet on Growth,

Survivability, and Lesion Incidence in Aged Male
Sprague-Dawley Rats

M. J. Horn1, and B. Mickelson2. 1Envigo, Indianapolis, IN; and
2Envigo Teklad, Madison, WI. Sponsor: L. Coney.
Two-year toxicology studies and some types of age-related research
involve maintenance of cohorts of animals for extended periods of time.
Survival above a specific threshold at study completion is desirable and
may be required for regulatory reasons. Diet restriction is one method
utilized to increase survival; however, this is resource intensive and raises
animal welfare considerations. Another approach to consider is the use
of a lower protein, lower energy density diet. The current study utilized
a cohort of 200 male Sprague Dawley rats maintained on a 14% protein
diet from 8 to 104 weeks of age. Body weight was monitored monthly
while survival was reported weekly. At the culmination of the two-year
study, animals were submitted for necropsy including histopathology
of select organs. Neoplastic and non-neoplastic lesions were characterized, and blood and urine were analyzed for complete blood count/
serum chemistry and urinalysis, respectively. Data from the current
study were compared to data collected in a previous study where male
Sprague Dawley rats were maintained on an 18% protein diet under
similar conditions. 104-wk survivability was numerically but not statistically improved in animals maintained on 14% (68.5%) compared to 18%
(63.3%) protein diet. Additionally, body weight was decreased by nearly
120 g (20% body weight reduction) at 104-wk of age (P < 0.05). Thymus,
spleen, liver, heart, testes, epididymis, and brain tissue weight (normalized to brain tissue weight) were significantly different due to diet (P <
0.05) at 104 weeks. Neoplastic lesion incidence was also reduced with
the 14% protein diet in both pituitary gland and pancreas. In conclusion,
the use of a lower protein/lower energy density diet decreases body
weight, may enhance survivability, and reduces neoplastic lesion incidence without the use of diet restriction in long-term studies. This is a
viable and simple option for long-term diet maintenance of outbred
male Sprague Dawley rats.

1724 Dysregulation of Pro-Inflammatory and AntiInflammatory Activation in Murine Microglia
following Arsenic Exposure

C. McPherson, and J. Harry. NIEHS, Research Triangle Park, NC.
Sponsor: M. Devito.
As resident macrophages of the CNS, microglia initiate innate immune
responses to injury or disease, releasing pro-inflammatory factors
including: interleukin: (IL)-1α, IL-1β, IL-6, and tumor necrosis factor (TNF)
α and initiating clearance of aberrant material in an attempt to maintain homeostasis. Alterations in normal functions of brain macrophages
have been associated with neurodegenerative disease progression
and may represent a shift in the relative risk for adverse outcomes in
disease or following injury. Inorganic arsenic (iAs) is an environmental
compound that has been reported to stimulate a pro-inflammatory
cytokine response and disrupt phagocytosis in cultured immune cells.
To examine this process further in brain macrophages, murine BV-2
microglia cells were exposed 1 μM iAs for 24h. mRNA levels for IL-1β and
Arg-1 were elevated by iAs with no change in TNF α, IL-1 α, IL-6, and iNos.
Subsequent challenge with lipopolysaccharide [LPS; 100 ng/mL] for 3h
showed significantly diminished elevations in IL-1α, IL-1β, IL-6, and iNOS
mRNA elevations. Challenge with IL-4/IL-13 [10 ng/mL] for 3h showed a
diminished elevation in IL-4 and Arg-1 in iAs exposed cells. iAs exposed

1725 Resetting Homeostasis in Gulf War Illness, a

Computational Biology Hypothesis Tested in a
Translational Mouse Model

K. A. Kelly1, L. T. Michalovicz1, J. V. Miller1, G. Broderick2, M. Rice2,
T. J. Craddock2, M. A. Fletcher2, M. Morris2, N. Klimas2, D. B. Miller1,
and J. P. O’Callaghan1. 1CDC-NIOSH, Morgantown, WV; and 2Nova
Southeastern University, Fort Lauderdale, FL.
Gulf War Illness (GWI) is a multi-symptom disorder diagnosed by phenotype including: persistent headaches, chronic fatigue, memory loss,
confusion, skin and gastrointestinal problems. These features are characteristic of persistent sickness behavior, which results from underlying
neuroinflammation. Current treatment of GWI aims to manage symptoms as conventional treatments have failed to effectively treat the
underlying dysfunction associated with GWI. Under the extreme conditions of deployment and possible exposure to toxic agents, the normal
neuroendocrine-immune control system may have been overwhelmed,
resulting in re-tuning of the system to a new homeostasis. In an effort to
promote remission in GWI patients, a computational/systems biology
approach revealed a two-step therapeutic intervention in which TH1
inflammatory cytokine inhibition followed by glucocorticoid receptor
inhibition may not only improve symptoms, but also reset homeostasis.
Here, we tested the therapeutic potential of this two-step reset in an
established neuroinflammatory model of GWI. Animals were treated
with corticosterone (CORT; 200mg/L in 0.6% ethanol) drinking water for
7 days followed by a single injection of diisopropyl fluorophosphates
(DFP; 4mg/kg, i.p.). Mice were then exposed to CORT drinking water for
7 days every other week for a total of 5 weeks followed by an immune
challenge, LPS (0.5mg/kg, s.c.). The therapeutic intervention was given
during the 2nd CORT exposure with Enbrel (5mg/kg, i.p.; TNFa antagonist) given on the 3rd day of CORT and Mifepristone (20mg/kg, i.p.; glucocorticoid antagonist) given on the 5th day. Mice were sacrificed 6 hours
after the LPS challenge and brain cytokine expression was measured by
qPCR. The CORT-DFP model of GWI produces a profound neuroinflammatory response to the LPS inflammatory challenge (51±8% increase
across 6 markers over CORT priming). Reset therapy was able to markedly reduce cytokine expression in cortex (31±8%) and hippocampus
(30±6%), indicating a strong therapeutic potential for this drug combination in GWI. Further work is being done to evaluate the effectiveness of this combination at later time points in mice and implement this
potential therapeutic intervention in patients.

1726 Pharmacological Evaluation of the

Neuromuscular Junction in a Human-Based
Functional In Vitro System

J. W. Rumsey2, N. Santhanam3, L. Kumanchik3, X. Guo3, F.
Sommerhage3, Y. Cai3, M. Jackson3, C. Martin3, G. Saad3, C. W.
McAleer2, Y. Wang1, A. Lavado3, C. J. Long2, and J. J. Hickman3.
1Cornell University, Ithaca, NY; 2Hesperos, Inc, Orlando, FL; and
3University of Central Florida, Orlando, FL.
An in vitro, human-based neuromuscular junction (NMJ) system capable
of real-time measurement of muscle contraction would be advantageous to the drug discovery process for neuromuscular diseases
including amyotrophic lateral sclerosis, myasthenia gravis and spinal
muscular atrophy. Currently, there are few in vitro nerve-muscle systems
composed of human cells, and none amenable to evaluating muscle
force output induced by motoneuron stimulation through functional
NMJs. Furthermore, no model systems, animal or human, have demonstrated the sensitivity necessary to generate dose response curves
for the evaluation of pharmacological drug activity or toxicity. We
have developed a serum-free, compartmentalized system containing
human myotubes, and stem cell-derived motoneurons that supports
the evaluation of neuromuscular junction physiology, and drug-induced
pathology. The device, composed of two chambers linked by microtunnels to enable axonal outgrowth from the motoneuron chamber to

the muscle, reproduces physiological NMJs and supports independent
stimulation and evaluation of each component. Reduction in motoneuron-induced skeletal muscle output was observed in a dose-dependent
manner following the application of bungarotoxin, botulinum toxin
(BOTOX®) or curare. Preliminary data utilizing patient derived motoneurons from ALS patients will also be presented. This human-based NMJ
system, in combination with patient-derived iPSCs, establishes a platform for generating individualized models of neuromuscular diseases, a
requirement for personalized medicine in this area.

1727 Human iPSC-Derived Neurons Provide Relevant
Mechanistic Insight into Neurotoxicity

B. Anson, S. DeLaura, C. Kannemeier, E. Elisabeth, L. Harms, L.
Norkosky, R. Lewis, K. H. Kim, K. Magnin, M. Hancock, C. Carlson,
and B. Swanson. Cellular Dynamics International, Madison, WI.
Sponsor: C. Strock.
Human cell types differentiated from induced pluripotent stem cells
(iPSC) offer a unique access to human cellular material for toxicity
screening. Such access is especially valuable for tissues such as those
of neuronal origin that have been traditionally impossible to obtain. An
additional key advantage to iPSC systems is contextual relevance for
mechanistic studies that overcome many limitations of rodent primary
cells and immortalized cell lines. Here we provide examples of using
iPSC-derived cortical GABAergic, glutamatergic, and midbrain dopaminergic neurons in image-based screens for developmental and environmental neurotoxicants. Interrogations focus on unique neuronal activity
including neurite outgrowth, Ca2+ oscillations, and excitotoxicity. The
utility of the various models is demonstrated by; 1) sub-type specific
behavior 2) differential responses to toxicants, and 3) multiplexing
experiments to move from phenotypic to mechanistic interpretations.
The highly-excitatory iPSC-glutamatergic neurons display synchronized
network-level bursting behaviors on the MEA, while cortical GABAergic
neurons also display electrical activity but lack network synchronization. iPSC-neurons are susceptible to neurotoxicants with both the
broad-spectrum kinase inhibitor staurosporine as well as glutamate
inducing cell death. The effects of glutamate are inhibited by the antagonists DNQX and D-AP5 indicating excitotoxicity as the underlying
mechanism for glutamate. Further, multiplexed experiments enable
easy movement from phenotypic responses such as LDH release and
ATP production to specific aspects of cell death such as apoptosis via
caspase activation. Overall, iPSC-derived neurons exhibit functional glutamate pathways that respond appropriately to known agonists and
antagonists, thus providing biologically relevant models for identifying
emerging targets for neuro-based toxicity research and beyond.

1728 Changes in Metabolomic Markers in

Cerebrospinal Fluid (CSF) and Plasma, Potential
Fluidic Biomarkers of Central Nervous System
Toxicity

D. W. Herr1, D. K. MacMillan1, M. G. Paule2, B. Gong2, W. Tong2, and
S. Z. Imam2. 1US EPA, Durham, NC; and 2US FDA/NCTR, Jefferson,
AR.
Since our observation that an acute exposure to different classes of pesticides resulted in different changes in plasma metabolomics constituents, a study of the metabolome has become of high interest for identifying markers of neurotoxicity. As part of a Health and Environmental
Sciences Institute collaborative research effort, adult male SpragueDawley rats were given a single dose of trimethyl tin (TMT, 7.0 mg/kg,
ip) as a positive control compound known to produce neurotoxicity.
CSF and plasma (EDTA anticoagulant) were collected from isoflurane anesthetized animals at 2, 6, 10, and 14 days after treatment. A
Biocrates Absolute DQ p180 platform was used for targeted identification
of metabolite changes in CSF and plasma. Metabolite classes included
acylcarnitines, amino acids, biogenic amines, hexoses, phosphatidylcholines, lyso-phosphatidylcholines, and sphingomyelins. From among 186
metabolites, 31 were detected in all CSF samples and 135 were detected
in all plasma samples. A principal component analysis indicated that
certain metabolites were altered in TMT-treated groups compared to
controls. This was especially true in the CSF. Analysis of metabolite fold
changes in the CSF indicated increases in acylcarnitines and phosphatidylcholines at 2 and 6 days, and increases in amino acids as long as
14 days after treatment. These changes suggest alterations in energy
metabolism and mitochondrial and membrane damage in the central
nervous system. In plasma, there were increases in acylcarnitines, phosphatidyl- and lyso-phosphatidylcholines, amino acids, and sphingomyelins at 2 and 6 days. Our data suggest evidence of significant changes in
energy metabolism and mitochondrial and membrane damage in CNS,
which was reflected in a peripheral fluid. Should it be demonstrated that
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BV-2 cells showed normal phagocytic engulfment of neural apoptotic
fragments however, a shift in phagocytic capacity was observed. When
examined in mice exposed to iAs [42.5 ppm] via drinking water for 6
weeks, Iba-1+ microglia in the hippocampus showed diminished ramification with no increase in IL-1α, IL-1β, IL-6, and TNFα mRNA levels. At 3h
following LPS [100 μg/kg ip], IL-1α, IL-1β, IL-6, and TNFα mRNA levels in
the hippocampus were significantly lower in iAs mice. Following 4 daily
i.p. injections of LPS [1mg/kg] to induce an anti-inflammatory response,
Arg-1 and YM-1 mRNA levels were significantly lower in iAs mice. Taken
together, the effects observed in vitro and in vivo on the pro- and anti-inflammatory response suggest that iAs exposure modifies the ability
of the resident brain immune cells to mount an appropriate innate
immune response. (Supported by NIEHS Division of National Toxicology
Program and Intramural Research: Z01 ES101623 & ES021164)

plasma markers mirror CSF markers and that such markers track aspects
of CNS damage as evidenced by frank neuropathology (cell death), then
they may serve as useful, readily accessible surrogates of neurotoxicity.
Supported by US FDA Protocol E0758001. This is an abstract of a proposed
presentation and does not necessarily reflect US EPA policy.

1729 JNK/MAPK and NF-κB Signaling Pathways
Involved in Pro-Inflammatory Cytokines
Expressions in Fluoride-Treated Microglia

S. Xi, and S. Liu. China Medical University, Shenyang, China.
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Fluoride may cross the blood-brain barrier and accumulate in the brain,
causing damage to the central nervous system (CNS). Our previous
animal studies have shown that fluoride induced neuron apoptosis and
expressions of pro-inflammatory cytokines by activating microglia in rat
brain. To demonstrate these findings and understand the pathophysiological mechanisms underlying pro-inflammatory cytokines expressions
in microglia, the present study examined the activities of MAPK and
NF-κB signaling pathways in BV-2 microglial cells treated by fluoride,
and the effects of activated microglial cells on neurons apoptosis. BV-2
microglial cells were treated with fluoride and mRNA expressions of
IL-1β, IL-6 and TNFα and activating of MAPK and NF-κB signaling pathways were detected by RT-PCR and Western blot analysis. Mice brain
neurons of primary culture were treated with medium conditioned of
BV-2 cells treated by fluoride and expressions of apoptosis proteins
of neurons were determined. Fluoride activated the BV-2 microglial
cells and increased the mRNA expressions of pro-inflammatory cytokines, IL-1β, IL-6 and TNF-α. Protein concentration of IL-1β, IL-6 and
TNF-α in fluotide -treated BV-2 cells culture medium also significantly
increased compared with the control. JNK and p38 proteins expressions of MAPK signal pathway dramatically increased and protein levels
of NF-κB in nucleus and IKKα in cytoplasm were also up-regulated in
fluoride treatment in BV-2 cells. JNK inhibitor significantly attenuated
the mRNA expressions of IL-1β and TNFα, and NF-κB inhibitor dramatically decreased the mRNA expressions of IL-1β, IL-6 and TNFα induced
by fluoride. Our results indicated that JNK/MAPK and NF-κB pathways
involved in the expressions of pro-inflammatory cytokines induced by
fluoride in BV-2 microglia cells. Moreover, caspase-3 and bax protein
expressions dramatically increased and bcl-2/bax ratio decreased in
neurons treated with medium conditioned of fluoride-treated BV-2 cells
compared with the control group. In summary, fluoride increased the
release of pro-inflammatory cytokines through activating MAPK and
NF-κB signaling pathways in microglia, which promoted neuronal apoptosis.

1730 Evaluation of Liquorice Root Extract

Patel1,

Mehta1,

Dave1,

Jadhav1,

1731 Changes in Expression of Voltage-Gated

Sodium Channels during Retinoic Acid-Induced
Differentiation of Human Neuroblastoma
Sh-SY5Y Cells

K. Rütschlin, D. R. Dietrich, and S. Beneke. University of Konstanz,
Konstanz, Germany.
Functional assays require suitable model systems. Neurotoxins, produced by marine dinoflagellates, are a major threat to human health. The
increasing globalization and the shift in marine habitats due to climate
change increase the global distribution and abundance of human
intoxications. The standard method to monitor for marine biotoxins is
a mouse bioassay (MBA). Due to ethical concerns, insufficient detection capability and sensitivity, the MBA was banned by the European
Commission (Regulation No. 15/2011). The need for simple, cost-saving
and highly sensitive methods led to the development of numerous
in-vitro test systems e.g. cell-based screening assays employing neuroblastoma cell lines of murine (Neuro-2a) or human (SH-SY5Y) origin.
The majority of these tests is based on general cytotoxicity endpoints
such as MTT reduction. However, marine biotoxins e.g. ciguatoxins(CTX)
and brevetoxins (BTX) specifically act on neuronal voltage-gated sodium
channels (VGSC). Therefore, to increase the specificity and sensitivity of
cell-based screening assays, these should be functional i.e. directed at
the toxin’s mode of action. In order to investigate the current human
cell-based model system in more detail, we analyzed SH-SY5Y for the
expression of VGSC during cell differentiation. We hypothesized that
higher VGSC expression levels following cell differentiation would
increase the sensitivity of these cells toward CTX and BTX and thus
provide for a potentially improved functional assay. The expression
levels of 9 different VGSC were monitored over 10 days during retinoic
acid-induced cell differentiation and the change in expression was evaluated with RT-qPCR. Validation of the latter mRNA expression levels
at the protein level are ongoing. Our current results demonstrated an
increase in mRNA expression of three VGSC, Nav1.3, Nav1.5, and Nav1.6,
as well as stable expression of Nav1.7 throughout the RA-induced cell
differentiation process. These findings support the use of differentiated
SH-SY5Y cells as potentially suitable cell model for upcoming functional
assays for the detection of marine biotoxins induced neurotoxic effects
in humans.

1732 Evaluation of Proteomic Changes in Neurons

Administration on Rotenone-Induced
Parkinson’s Model in Wistar Rats

Gohel1,

dismutase, lipid peroxidation and dopamine compared to group treated
with rotenone alone. Based on results of this study, Liquorice root
extract was found to reduce the neurodegeneration caused by rotenone
and may have possible therapeutic effects in treatment of Parkinson’s
Disease.

Shah1,

D.
M. V.
P.
H.
S.
K.
and
V. J. Piccirillo2. 1Jai Research Foundation, Valvada, India; and 2VJP
Consulting, Inc., Ashburn, VA.
Parkinson’s Disease is a neurological disorder characterized by motor
and nonmotor dysfunction due to loss of dopaminergic neurons in
substantia nigra. Rotenone has been shown to induce Parkinson like
symptoms in humans. The study was performed to assess the effect of
liquorice root extract on rotenone-induced Parkinson like symptoms in
the Wistar rat model. Six groups of ten male rats each, were used in
the study and included a vehicle control (0.5% CMC), a rotenone only
control (2 mg rotenone/kg b. wt., liquorice root extract treated groups
(150 and 600 mg/kg b. wt.) and positive control groups (Glycyrrhizin 40 mg/kg b.wt. and Levodopa - 20 mg/kg b.wt; references of reducing
symptoms). For all groups except the vehicle control, the rats received
a single intraperitoneal dose of 2 mg rotenone /kg b. Wt. The route of
administration for liquorice and positive controls was oral gavage. The
duration of treatment was 28 consecutive days. Measured parameters
included grip strength, locomotor activity, catalepsy, postural instability
and assays of lipid peroxidation, dopamine, glutathione and superoxide
dismutase from brain and plasma as well as brain pathology. Rotenone
alone administration leads to significantly reduced grip strength and
significantly increased score of catalepsy, postural instability and neurodegeneration compared to liquorice high dose and positive control
groups. rotenone related effects were subsided in animals that received
either the positive controls or high dose of liquorice. In liquorice root
extract treated high dose group as well as positive control groups, a significantly lower incidence and severity of lesions in brain histopathology
supported with significantly reduced alterations in levels of superoxide

following Induced Long-Term Potentiation for
Predictive Neurotoxicology

A. Hoffmann2, N. Grobe2, S. Klein Hinckley1, J. M. Gearhart2, A. G.
Bang1, H. A. Pangburn2, and D. K. Ott2. 1Sanford Burnham Prebys
Medical Discovery Institute, La Jolla, CA; and 2US Air Force School
of Aerospace Medicine, Dayton, OH.
To deliver a rapid, more cost-effective means to determine safe human
exposure standards and health risk estimates, this study evaluates a cortical neuron cell culture model based on human-induced pluripotent
stem cells (hiPSC). To simulate exposure-dependent neuro-morphological changes during memory formation, hiPSC-derived neurons were
exposed to a chemical-induced long-term potentiation (cLTP) paradigm
and then electrophysiology responses were monitored using multi-electrode arrays. Cells were harvested after 7 weeks to evaluate long-term
changes in protein expression using quantitative mass spectrometry in a
non-labeled approach. The proteomic profile of hiPSC-derived neurons
shows correlations between cLTP synchronous neuron network firing
and changes in long-term potentiation characteristic protein expression, including voltage-dependent calcium channel VDAC2 and calcium
calmodulin kinase CAMK2D. In conclusion, the neuronal model is
capable of depicting proteomic changes following induction of longterm potentiation as a means of identifying markers for monitoring
exposure-dependent effects on memory formation.

iPSC-Derived Glutamatergic Neurons

Y. Chen, A. Ndifor, and J. McDuffie. Janssen Research &
Development LLC, San Diego, CA.
Human induced pluripotent stem cell (hiPSC)-derived models are
increasingly used in drug discovery. Our aim was to validate two, novel,
commercially available 2D stem cell models to predict glutamate excitotoxicity for early de-risking of discovery compounds: the 70-85% glutamatergic-enriched iCell® GlutaNeurons (Cellular Dynamics International)
and the 1:1 ratio Glutamatergic Neuron-Astrocyte Co-Cultures (StemoniX).
We tested glutamate receptor agonists and antagonists, a fatty acid
amide hydrolase (FAAH) inhibitor, as well as biochemical/functional
assays to assess changes in cell viability, biomarker expression levels,
and synaptic activity to systematically evaluate concentration and time
dependent glutamate excitotoxicity. Kainate (positive control) reduced
cell viability in both GlutaNeurons (to 22% at 500 µM) and NeuronAstrocyte Co-cultures (to 30% at 500 µM). Glutamate (1 mM) reduced
GlutaNeuron viability (to 56%) which was partially attenuated by the
NMDA receptor antagonist, MK801 (to 75%). Glutamate-induced excitatory responses were not evident in the Neuron-Astrocyte Co-cultures,
indicating glutamate-glutamine cycling. Kainate induced reduction
in Neuron-Astrocyte Co-culture viability (to 34%) was partially attenuated (to 71%), while that induced by AMPA (to 61%) was completely
blocked (to 98%) by the AMPA/Kainate receptor antagonist, NBQX
(10 µM). Kainate and glutamate at 5 µM increased synaptic activity in
GlutaNeurons. MK801 (10 µM) attenuated the excitation induced by glutamate at 4 and 24 hr post-treatment. No glutamate-induced changes in
synaptic activity were detected from Neuron-Astrocyte Co-cultures. The
FAAH inhibitor URB597 alone had no effect on cell viability or function.
URB597 pre-treatment and subsequent exposure to glutamate did not
evoke loss of viability in GlutaNeurons. Conversely, URB597 reduced glutamate (5 µM)-induced excitation at 4 and 24 hr post-treatment. These
findings highlight the utility of novel hiPSC-derived neuronal models to
enable screening for potential neurotoxicity.

1734 Neuropathological Assessment of Hippocampal
Damage in C57BL/6J Mice following Convulsive
Motor Seizures Induced by Repeated Low-Dose
Kainate Administration

D. L. Nguyen, P. H. Beske, M. R. Eisen, M. J. Stenslik, D. M. Kniffin, C.
L. Honnold, and P. M. McNutt. US Army Medical Research Institute
Chemical Defense, Aberdeen Proving Ground, MD. Sponsor: P.
McNutt.
Status epilepticus (SE) is a medical emergency resulting from continuous
epileptic seizures that persist for longer than 5 minutes. If left untreated,
SE can result in devastating damage to the brain. While chemoconvulsants such as pilocarpine and kainate (KA) are commonly used to induce
SE in rats, efforts to transition these models to inbred mouse strains have
been met with numerous challenges (high mortality, inconsistent SE
behavior, resistance to pathology). Recent studies have suggested that
repeated low-dose (RLD) administration of KA to adult mice may provide
a reliable and survivable approach for SE induction. To evaluate this
model, KA was repeatedly administered to male C57BL/6J mice (8-14
wk) until onset of Racine scale 4-5 convulsive motor seizures (CMS). The
effects of seizure induction on neuronal damage and GFAP immunoreactivity were then evaluated in medial temporal lobe brain regions and
correlated to age. While CMS onset consistent with SE induction was
observed in all age groups, survival and neuropathology were found to
be age-dependent, as survival rates and resistance to neuronal damage
increased with age. Most survivors of severe KA-induced CMS exhibited frank neuronal loss of cornus ammonis area 1 and 3 neurons and
increased GFAP staining in the hippocampal formation. The spatial distribution of hippocampal damage was assessed across 3 bregmas (-1.4,
-2.0, and -2.6), with neuropathology found to be more prominent in the
ventral versus dorsal hippocampus. Interestingly, KA-induced damage
was restricted to the hippocampus, with minimal evidence of neurotoxicity observed in other brain regions. Collectively, while RLD administration of KA to C57BL/6J mice represents a reliable CMS induction method,
further optimization of this model is necessary to reduce variability in
survival rates and neuropathological outcomes.

1735 Tetramethylenedisulfotetramine Neurotoxicity:
In Vivo Validation of In Vitro Screen to Identify
Potential Countermeasures

M. Laukova1, S. Pervez1, F. Sannoh1, J. Veliskova1, L. Velisek1, and
M. P. Shakarjian1,2,,. 1New York Medical College, Valhalla, NY;
and 2Rutgers University Robert Wood Johnson Medical School,
Piscataway, NJ.
Tetramethylenedisulfotetramine (TMDT), a synthetic neurotoxin,
induces a seizure syndrome by blocking Cl- influx through the GABAA
channel. This process leads to uncontrolled depolarization followed
by excessive Ca2+ entry into neurons and potential excitotoxicity. No
standardized, effective treatment for TMDT poisoning currently exists.
Primary neuronal cultures were used to screen candidate countermeasures for alleviation of TMDT-provoked hyperexcitability by monitoring
changes in intracellular Ca2+ levels ([Ca2+]i). Agents antagonizing NMDA
or β-adrenergic receptors reversed TMDT-induced increases in [Ca2+]i
and displayed the best counteracting potential. We have commenced
testing these in vitro leads in vivo. Adult male mice were injected with 0.25
mg/kg TMDT subcutaneously followed by intraperitoneal monotherapy
immediately after the first clonic seizure observed. They were continuously monitored over 1 hr, for the occurrence and severity of clonic and
tonic-clonic seizures, and for 24-hr mortality. Our current results indicate
that MK-801 is superior, completely eliminating tonic-clonic seizures
and 24-hr mortality. At 40 mg/kg, memantine decreased mortality by
75%, however delayed tonic-clonic seizures were observed. Although
both procyclidine and ketamine prevented tonic-clonic seizures at
higher doses (60 and 70 mg/kg, respectively), they were not as effective
in preventing TMDT-induced lethality. Propranolol was the least effective at reducing seizure severity and mortality rate. Altogether, our in
vitro assay provides a useful screen to identify potential countermeasures against TMDT neurotoxicity. Positive leads are being tested and
show activity in vivo, supporting utility of the screen. (Supported by NIH
CounterACT R21NS084900)

1736 Age-Dependent Susceptibility to Lethality,

Epileptogenesis, and Neuronal Loss in Male
Fischer Rats Exposed to Soman

M. W. Rice2,1,, B. Marrero-Rosado2,1,, F. Rossetti3, M. F. Stone2,
M. Moffett2, C. Schultz2,1,, and L. Lumley2. 1Edmond Scientific,
Chantilly, VA; 2US Army Medical Research Institute of Chemical
Defense, Aberdeen Proving Ground, MD; and 3US Army Walter
Reed Army Institute of Research, Silver Spring, MD. Sponsor: L.
Wright.
The number of elderly individuals is expected to increase as a percent
of the world population; however, few studies have addressed the
impact of chemical warfare nerve agent (CWNA) exposure and medical
countermeasure (MCM) treatment on aged populations. Aged F344 rats
(18 months) are more sensitive to GD-induced lethality with a 24-hour
median lethal dose (LD50) of 50.0 µg/kg (95% CI; 37.8-66.1), compared to
young adult (2 months) rats with a LD50 of 70.5 µg/kg (95% CI; 63.8-78.0).
Currently, we investigate how seizure activity and neuropathology differ
between aged rats and their young adult counterparts when exposed
to GD with accompanying MCM treatment. Rats were implanted with
telemetry devices for monitoring EEG, temperature and activity. After
recovery, young adult and aged rats were exposed to equitoxic 1.2 LD50
doses (88 and 66 μg/kg, s.c.; respectively) of GD, followed by treatment
with MCM [atropine sulfate and HI-6 1 min post-exposure; and diazepam 30 min after seizure onset]. Rats were monitored continuously
for the development of status epilepticus (SE) and early recurrent seizures (eRS) in the first 3 days, as well as spontaneous recurrent seizures
(SRS) until 60 days post-exposure, after which animals were euthanized
and neuropathology was assessed. Aged rats displayed a comparatively
reduced latency to SE onset, spent more time in SE+eRS, had earlier
SRS onset, and experienced a greater number of SRS. Both young adult
and aged rats exposed to GD that developed seizures had an significant reduction in the density of mature neurons in the piriform cortex,
thalamus and amygdala, as well as a reduced density of glutamic acid
decarboxylase 67 (GAD67), a marker of GABAergic neurons, in the basolateral amygdala and piriform cortex. Both young adult and aged rats
tended to have reduced GAD67+ cells in the dentate gyrus of the hippocampus; however, the reduction was greater in aged rats. As hippocampal GABAergic interneurons play a role in seizure activity, observed
reductions in GAD67+ cell density may contribute to our seizure findings. These results reveal an age-dependent sensitivity to the effects of
GD. (This research was supported by an interagency agreement between US
AMRICD and NIH)
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1733 Assessment of Excitotoxicity Risk Using Human

1737 General and Oxidative Stress in a Rat Model
Exposed to Hypobaric Hyperoxia

M. E. Chapleau2, M. C. Moulton1, L. Narayanan2, and D. A. Mahle1.
1Air Force Research Laboratory, Wright-Patterson AFB, OH; and
2Henry M. Jackson Foundation, Wright-Patterson AFB, OH.
U-2 pilots and altitude chamber technicians show increased incidence
of leukoraiosis or white matter hyperintensities (WMH) in T2 weighted
magnetic resonance imaging (MRI), indicative of hypodensities linked
to neuronal loss, demyelination, and/or gliotic scarring. It has been
hypothesized that exposure to extreme hypobaria, excess oxygen, or a
combination of both stressors, irrespective of decompression sickness,
is the primary causative factor for these WMH. However, the exact etiology and underlying mechanisms are unknown. This study mimicked
the conditions experienced by U-2 pilots, who have historically flown
in cabins pressurized to 30,000 feet and breathed 100% oxygen for one
hour prior to and during flights. Adult male Sprague-Dawley rats were
exposed to normobaric (1000 ft altitude, room air), hypobaric (30,000 ft
altitude, 100% O2) or hyperoxic (1000 ft altitude, 100% O2) conditions for
three hours a day on three consecutive days in a custom-built altitude
chamber. Biochemical analyses of sera, brain (cortex, hippocampus,
brain stem and cerebellum), heart and lung tissues were performed in
order to gain insight into the molecular responses to hyperoxia and
hypobaria. Corticosterone in sera and all tissues was measured using
radioimmunoassay to determine general stress levels. Malondialdehyde
and 8-isoprostane, products of lipid peroxidation, were assayed in brain,
heart and lung tissues via lipid peroxidation assay and ELISA, respectively. Serum levels of the inflammatory marker, C-reactive protein, were
also measured via ELISA. Results from samples taken 30 mins after final
exposure showed serum corticosterone levels increased 1.5- and 1.8fold over controls for hyperoxic and hypobaric conditions, respectively.
Increased localized corticosterone levels were observed in cerebellum
(1.5-fold), heart and lung (both 1.3-fold) following hypobaric exposure.
Oxidative stress markers malondialdehyde and 8-isoprostane were elevated in lung tissue of altitude-exposed animals while C-reactive protein
levels remained the same. The data obtained in this study are being
used to target appropriate endpoints and to develop more physiologically relevant exposure scenarios for future studies of hypobaria and
hyperoxia in a rodent model. (In compliance with DODI 3216.01)

174

1738 Mechanistic Interpretation of Hypobaria and

SOT 2017 Annual Meeting

Hyperoxia Using Metabolomics in Brain of
Sprague-Dawley Rats

Makley2,

Neuforth3,

Campo3,

Reo3,

M. K.
A. E.
A.
N. V.
and D. A.
Mahle1. 1711 HPW, AFRL, Wright-Patterson AFB, OH; 2Henry M.
Jackson Foundation, Wright-Patterson AFB, OH; and 3Wright State
University, Dayton, OH.
U-2 pilots exhibit increased incidence of brain white matter hyperintensities, indicative of hypodensities linked to neuronal loss, demyelination and gliotic scarring. Exposure to extreme hypobaria and/or
excess oxygen may be the primary cause. Metabolomics provide small
molecule data that can be used for mechanistic information concerning
molecular perturbations caused by exposure to extreme hypobaria and
hyperoxia. The purpose of this study was to investigate changes caused
by exposure to extreme hypobaria equivalent to 30,000 ft and hyperoxia (100% oxygen). The three experimental groups (n=6/group) were:
(1) ambient pressure (1K ft) + normoxic condition (CTL); (2) ambient
pressure (1K ft) + 100% O2 (HYP); and (3) pressure equivalent to 30,000
ft altitude + 100% O2 (ALT). Rats were placed in an altitude chamber
and exposed to normal or low pressure and normal or elevated oxygen
conditions for 4h/day for three consecutive days. Thirty minutes after
the termination of the third exposure, rats were euthanized and brains
excised (cortex, brainstem, hippocampus, and cerebellum). Each brain
region was processed using a dual-phase extraction procedure, yielding
a lipid and aqueous extract. Lipid extracts were analyzed by 13C and
31P nuclear magnetic resonance (NMR). Chemometric and multivariate
methods interpreted differences between groups. Identification of small
molecule metabolites were completed using Chenomx NMR Suite. In 31P
lipid spectra, phosphatidylethanolamine (PE) and PE plasmalogens (PEPls) decrease in intensity, while lyso-PE lipids (lyso-PE, lyso-PE-Pls, and
phosphatidylglycerol) increase. In brainstem, median lyso-PE:PE+PEPls
ratio of intensities were 9.942 for ALT and 3.536 for CTL, indicative of
phospholipid oxidation and cleavage of fatty acid chains. Cerebellum
samples also showed increased lysophospholipids. NMR-based metabolomics was useful in understanding pathways that were perturbed by
exposure to extreme hypobaria and hyperoxia. (In compliance with DODI
3216.01)

1739 Neuroproteomics of White Matter

Hyperintensities in a Rat Exposure Model of
Extreme Hypobaria and Hyperoxia

A. M. Lowman1, A. Hoffmann2,3,, L. Narayanan1,2,, D. A. Mahle1, and
N. Grobe1. 1Air Force Research Laboratory, Wright-Patterson AFB,
OH; 2Henry M. Jackson Foundation, Wright-Patterson AFB, OH; and
3US Air Force School of Aerospace Medicine, Wright-Patterson AFB,
OH.
High altitude U-2 pilots and altitude chamber technicians show increased
incidence of white matter hyperintensities (WMH) in T2 weighted magnetic resonance imaging. Although exposed professions show no
clinical deficits, subtle changes on neurocognitive function including
reasoning/calculation, memory, information processing accuracy, and
general cognitive functioning have been described. The purpose of this
study was to explore molecular mechanisms in the brain that are affected
by exposure to extreme hypobaria, excess oxygen, or a combination of
both stressors. We tested three experimental groups (n=6/group): (1) 1K
ft and 21% O2 (CTL); (2) 1K ft and 100% O2 (HYP); and (3) 30,000 ft and
100% O2 (ALT). Rats were placed in an altitude chamber and exposed
to the pressure/oxygen stress conditions for 4h/day for three consecutive days. Immediately after the third exposure, brainstem, cerebellum,
hippocampus, and cortex were dissected and frozen. For quantitative
proteomics, proteins were extracted from brainstem, cerebellum, cortex
and hippocampus followed by trypsin digestion. Peptides were labeled
using Tandem Mass Tags and fractionated by strong cation exchange.
Fractions were analyzed with a nanoUPLC coupled to an Orbitrap MS.
Following data acquisition and analysis, modulated pathways were
identified with Cytoscape Functional Interaction analysis software. Rats
in the HYP and ALT showed modulated pathways for proteins primarily
involved with cellular maintenance and energy metabolism, axon guidance/gene expression, signal transduction, protein folding, adhesion,
synaptic transmission, and cell growth across all brain regions. These
preliminary results suggest that WMH may be caused by differentially
modulated molecular mechanisms that may serve as markers of hypobaric exposure and oxygen toxicity. In compliance with DODI 3216.01
Distribution A: Approved for public release; distribution unlimited. (PA Case
No. 88ABW-2016-4983, 6 Oct 2016).

1740 Neurotoxicological Effects of Ultrafine

Industrially Relevant Dust on Human Astrocytes

Y. J. Arnoldussen, T. Kringlen Ervik, B. Berlinger, V. Skaug, and S.
Zienolddiny. National Institute of Occupational Health, Oslo,
Norway. Sponsor: Jør. Holme.
There are tremendous efforts applied in the ferroalloy and SiC industry
to control and reduce exposures of the dust generated during the production process. However, despite these control measures, emission
of ultrafine dust originating from different production processes may
occur. Today we know very little of the properties of ultrafine dust in
the industrial work environment and there is limited information on the
possible health effects after inhalation. Studies of inhalation exposed
workers and experimental animals have shown that dust from some
manganese-based alloys may accumulate in the central nervous system.
There is, however, limited evidence for neuroinflammatory effects of
manganese containing fumes. To investigate possible effects of ultrafine-sized dust on the central nervous system, a human astrocyte cell
line, 1321N1, was used for in vitro studies. Dust particles were collected
from the laboratory scale processes where oxide particulate matter were
formed from liquid silicon (metallurgical grade) and silicomanganese
(standard grade). Both dust types were produced in dry air atmospheres
to mimic industrial conditions. To understand the cellular effects,
dynamic light scattering was applied to characterize the dusts in regard
to size distribution and degree of agglomeration/aggregation. Toxicity
on 1321N1 cells of amorphous silica developed in laboratory scale was
compared to pre-characterized nano-sized amorphous silica particles
and to crystalline macro-sized silica. In addition, silicomanganese developed in a laboratory scaled oven was used for toxicity studies. To mimic
realistic work place exposure scenarios, several doses below and over
the Norwegian Occupational Exposure Limits of each material were
used. The cell viability experiments indicated that particle doses below
the threshold value induced no or a small nonsignificant reduction
in cell viability. Crystalline silica induced higher levels of toxicity than
amorphous silica. In conclusion, studies using low doses of particles are
important to resemble real circumstances of occupational exposure and
that, controlling and keeping the particle exposure levels low at the
work place, would prevent negative health effects.

1741 Histone Modification Is a Novel Epigenetic

Mechanism to Up-Regulate Human Blood-Brain
Barrier Transporters

D. You2, X. Wen2, A. Morris2, J. R. Richardson1, and L. M.
Aleksunes2. 1Northeast Ohio Medical University, Rootstown, OH;
and 2Rutgers University, Piscataway, NJ.
Multidrug Resistance Protein 1 (MDR1, ABCB1) and the Breast Cancer
Resistance Protein (BCRP, ABCG2) expressed at the blood-brain barrier
(BBB) are key efflux transporters that extrude chemicals from the BBB
and regulate the efficacy and/or toxicity of chemicals in the brain. Prior
studies in cancer cells have pointed to the ability of histone deacetylase
(HDAC) inhibitors to modulate the expression and function of MDR1
and BCRP. However, whether or not such regulation occurs at the BBB
is not known. Here we sought to test whether HDAC inhibitors could
potentially alter expression and function of MDR1 and BCRP at the BBB.
To test this, we treated immortalized human brain capillary endothelial
(hCMEC/D3) cells, a model of the BBB, with six different HDAC inhibitors, valproic acid (VPA), sodium butyrate (NaB), romidepsin, apicidin,
suberoylanilide hydroxamic acid (SAHA), and trichostatin A (TSA), and
assessed for expression and function of MDR1 and BCRP. HDAC inhibition following treatment was confirmed by increased levels of acetylated histone H3 protein. After 12 h of treatment, VPA, apicidin, SAHA,
and TSA up-regulated MDR1 mRNA levels between 50% and 200%. All
six HDAC inhibitors significantly induced BCRP mRNA levels between
100% and 270%. Similarly, the protein expression of MDR1 and BCRP
transporters was up-regulated about two-fold at 24 h. Enhanced MDR1
expression corresponded with reduced intracellular accumulation of the
substrate rhodamine 123. Collectively, these results demonstrate that
HDAC inhibitors up-regulate MDR1 and BCRP transporters at the BBB
by modifying histone acetylation. The clinical use of HDAC inhibitors
may enhance efflux transporter activity at the BBB and restrict access of
xenobiotics to the brain. (Supported by R01ES021800, P30ES005022)

1742 Role of Oxidative Stress in Neurotoxicity of

1743 Trimethyltin Neuronal Toxicity in Rat Brain:

Quantification Using Image Analysis Algorithms

G. Negi2, S. Liachenko1, M. G. Paule1, S. Sarkar1, and J. P. Hanig2.
1US FDA, Jefferson, AR; and 2US FDA, Silver Spring, MD.
Organotin compounds--particularly trimethyl tin (TMT)--produce CNS
toxicity with neuronal necrosis as a characteristic feature of TMT neurotoxicity. From previous microscopic studies, hippocampus, particularly pyramidal cells, as well as other brain regions have been identified as targets of TMT toxicity. However, quantitative evaluation of the
extent of toxicity in the brain regions affected by TMT has not yet been
published. In the present study, we quantitatively analyzed the magnitude of TMT-induced neurodegeneration in the rat brain. Trimethyl
tin or saline vehicle was administered to rats (5-12 animals per treatment group), using published dosing regimens known to produce brain
lesions. Animals were perfusion-fixed at the end of the experimental
time point and brains were post fixed while still in the calvarium. Brains
were then dissected out and embedded in a gelatin based matrix. 81
serial coronal sections (40 µm) were collected on glass slides and stained
using amino-cupric silver stain. These slides were digitized by scanning
at 20X magnification using a whole slide imaging instrument (Aperio
ScanScope XT, Leica Biosystems). For quantifying histopathological
changes associated with TMT administration, tissue classification and
area quantification algorithms available in HALO image analysis software
were used. TMT caused global neurotoxicity in rat brain with the most
affected areas being the olfactory nucleus, cortex, hippocampus, amygdala, thalamus and hypothalamus. TMT treatment resulted in degeneration of 6.36%, 3.80%, 3.44%, 4.64% of total area in hippocampus, cortex,
thalamus and hypothalamus, respectively: it was <0.2% in saline treated
animals. Results of histopathology image analysis showed concordance
with neuropathology scores as the affected areas were given scores of
3/4 (moderate/marked neurodegeneration). Previous rodent studies
demonstrating the effects of TMT on cognitive function and behavior
are consistent with our findings. In summary, we present a quantitative
method for assessing neurotoxicity which, if applied carefully, is fast,
reproducible and useful for to quantitatively analyzing numerous histology sections simultaneously. (Support by CDER and NCTR 7418)

Bisphenol A in Human Neuroblastoma Cells

Bisphenol A (BPA), an endocrine disrupting compound, is one of the
highest volume produced and used chemicals worldwide. BPA has been
detected in several tissues and the blood serum of humans and accumulates in adipose tissue and membranes, giving rise to the potential for
long-term exposure of humans to low doses of BPA. Human exposure to
BPA is mainly through dietary intake with additional exposure through
inhalation of household dust and exposure through the skin. Early-life
exposure to BPA has been shown to alter sex-specific neural organization, neuroendocrine physiology, and behavior in laboratory animals,
and impacts neural development in humans. Oxidative stress is induced
by an imbalanced redox state, involving either excessive generation of
reactive oxygen species (ROS) or dysfunction of the antioxidant system.
The brain is one of the organs especially vulnerable to the effects of ROS
because of its high demand for oxygen. The aim of this study was to
examine whether BPA induces neurotoxicity through oxidative stress
in human neuroblastoma cells. Differentiated and undifferentiated
SH-SY5Y cells were exposed to BPA at a concentration range of 0.001 to
1000 µM for up to 24hrs. Cell proliferation and viability, ROS production
and intracellular glutathione (GSH) content were evaluated. Our results
indicated that exposure to BPA significantly decreased cell viability in a
concentration-dependent manner in either differentiated or undifferentiated SH-SY5Y cells with EC50s of 85µM and 90µM, respectively. At
low concentrations (0.001-10µM) of BPA, ROS levels were significantly
increased at 3h and 6h in both differentiated and undifferentiated
SH-SY5Y cells. On the other hand, a significant reduction in intracellular
levels of GSH was observed at 1h and 3 h with treatment of BPA. These
data suggest that the loss of GSH and the elevated ROS production play
a contributing role to the toxic effects of BPA and that BPA adversely
affects proliferation and viability of neuronal cells, potentially resulting
in oxidative stress. The data further indicate that the availability of GSH
to the cells may not be sufficient to provide protection against BPA toxicity. Thus, BPA could be a risk factor for neurodegenerative diseases.
(Supported by Title III)

1744 Lipid Signaling Pathways Regulate Xenobiotic
Efflux Transport Activity at the Blood-Brain
Barrier

R. E. Cannon, R. A. Evans, E. Mesev, and D. B. Banks. NIEHS, Research
Triangle Park, NC. Sponsor: L. Birnbaum.
Xenobiotic efflux transporters expressed at the blood-brain and bloodspinal cord barriers play a neuro-protective role in reducing exposures
to environmental toxicants and therapeutic drugs. Among the efflux
transporters, P-glycoprotein (MDR1-ABCB1) has the broadest substrate
specificity and the highest expression in the CNS barriers. In vivo and
ex vivo studies using isolated rodent brain micro-vessels indicate that
signaling pathways regulate P-glycoprotein gene expression and transport activity. We demonstrate that three important bioactive lipids:
Sphingosine1-Phosphate (S1P), Ceramide 1-Phosphate (C1P) and
Lysophosphatidic Acid (LPA), signal either directly or indirectly for rapid
and reversible changes in P-glycoprotein transport activity. Independent
of transcription, translation, or changes in protein levels, S1P signals
through S1PR1/PIK/AKT to produce rapid decreases in P-glycoprotein
transport activity. Removal of S1P or inhibition of its downstream effectors results in an immediate return to basal transport levels. In direct
opposition, C1P activates the PGE2/EP2 signaling pathway and elicits
rapid increases in P-glycoprotein transport. Removal of C1P, blocking
PGE2 synthesis or binding to its EP2 receptor causes an immediate
return to basal transport levels. Additionally, we show that the bioactive phospholipid, LPA, signals through a distinct LPA1R-mediated
pathway that requires G-protein coupling, Src kinase, and ERK 1/2 to
reduce the basal P-glycoprotein transport activity in rat brain capillaries.
In summary, these studies identify and characterize lipid signaling pathways involved in the dynamic regulation and selective permeability of
the blood-brain barrier. Identification and characterization of these new
signaling pathways not only identify potential targets for perturbations
in xenobiotic transport but also elucidate new pharmacological targets
for improvements in CNS protection and drug delivery.
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B. Bediako, A. Ishaque, and A. Elnabawi. University of Maryland
Eastern Shore, Princess Anne, MD.

1745 Mitochondrial Bioenergetics following Ozone

Exposure in Rats Maintained on Coconut, Fish,
and Olive Oil-Rich Diets

D. Freeborn, J. M. Valdez, A. F. Johnstone, S. J. Snow, H. Tong, J.
Schmid, U. P. Kodavanti, and P. R. S. Kodavanti. US EPA, Research
Triangle Park, NC.
Mitochondria are central regulators of energy homeostasis and may play
a key role in mechanisms of neurodegenerative disorders and chemical-induced neurotoxicity. However, mitochondrial bioenergetic parameters have not been systematically evaluated under identical physiological conditions within multiple brain regions in rats maintained on
different diets with subsequent exposure to environmental pollutants.
In the present study, we measured complex I, complex II and complex
IV enzymes using kits from Abcam® in the frontal cortex (FC), cerebellum
(CER), hypothalamus (HYP), and hippocampus (HIP) of male Wistar
Kyoto rats (N = 5 per group) that were fed either a normal diet (ND), or a
diet enriched with fish oil (FO), olive oil (OO), or coconut oil (CO) starting
at 4 weeks of age for 8 weeks followed by ozone (O3) exposure (0 or 0.8
ppm O3 for 4 h/day for 2 days). Immediately following O3 exposure, rats
were sacrificed, brain regions were dissected on ice, quick frozen on dryice, and stored at -80oC until analysis. Complex I enzyme activity (NADH
dehydrogenase, EC 1.6.5.3) was significantly lower in the CER, HIP, and
HYP but not in FC of rats maintained on CO, FO and OO when compared
to ND.O3 exposure decreased complex I activity only in the CER of rats
maintained on ND. Complex II enzyme activity (succinate dehydrogenase, EC 1.3.5.1) was significantly lower in FC and CER but not in HIP and
HYP in rats maintained on all test diets when compared to ND. O3 exposure had a significant effect in decreasing complex II enzyme activity in
FC and CER of rats maintained on ND. Complex IV enzyme activity (cytochrome c oxidase, EC 1.9.3.1) was significantly lower in all brain regions
of rats maintained on all test diets when compared to ND. The decrease
by O3 exposure was significant only in FC and HYP of rats maintained
on ND. These results indicate that brain mitochondrial bioenergetics
were significantly altered in rats maintained on different test diets and
O3 exposure had effects only on rats maintained on ND but not on rats
maintained on FO, OO or CO. This suggests an interaction of diet and O3
effects on brain mitochondrial bioenergetics parameters. (This abstract
does not necessarily reflect US EPA policy).
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1746 Corticosterone-Primed Neuroinflammatory
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Response to AChE Inhibitors Is Not Related to
Brain Acetylcholine Concentration

J. V. Miller, K. A. Kelly, L. T. Michalovicz, J. P. O’Callaghan, and D.
B. Miller. CDC-NIOSH, Morgantown, WV.
Roughly 30% of veterans from the 1991 Gulf War (GW) suffer from a
persistent and heightened form of sickness behavior, which has been
classified as Gulf War Illness (GWI). Previous GWI studies have suggested
that exposure to acetylcholinesterase inhibitors (AChEIs) in-theater,
such as sarin, a chemical warfare agent and irreversible AChEI, as well
as other pesticides and insecticides, may have contributed to the symptomatology of GWI. In addition to exogenous chemical exposure, concomitant high physiological stress in-theater may have contributed to
the initiation of the GWI phenotype. While inhibition of AChE leading
to the accumulation of acetylcholine (ACh) will activate the cholinergic
anti-inflammatory pathway, the exaggerated sickness behavior that is
characteristic of GWI has been shown to be associated with neuroinflammation. To investigate the relationship between AChE inhibition
and neuroinflammation, we used our previously established mouse
model of GWI, which combines an exposure to a high physiological
stress mimic, corticosterone (CORT), with GW-relevant AChEIs. Adult
male C57BL/6J mice were exposed to CORT (400mg/L) in drinking water
for 4 days. On the 5th day, mice were exposed to a single intraperitoneal
(i.p.) dose of an AChEI: diisopropyl fluorophosphate (DFP; 4.0mg/kg),
an irreversible AChEI and sarin surrogate, chlorpyrifos oxon (CPO; 8mg/
kg), the active metabolite of chlorpyrifos, an irreversible AChEI insecticide used in-theater, and physostigmine (PHY; 0.5mg/kg), a reversible
AChEI similar to pyridostigmine bromide, which was used as a prophylactic against nerve agents in-theater. After AChEI exposure, mice
were sacrificed and ACh concentrations for cortex (CTX), hippocampus
(HIP), and striatum (STR) were determined using hydrophilic interaction
liquid chromatography (HILIC) with ultra-performance liquid chromatography (UPLC)-tandem-mass spectrometry (MS/MS). CORT pretreatment ameliorated the DFP-induced ACh increase in HIP and STR but not
CTX. These effects were similar for CPO and PHY, but not as pronounced
as DFP. qPCR of mRNA biomarkers for neuroinflammation revealed an
exacerbated CORT+AChEI response, which does not correspond to ACh
measured in the brain. This suggests that GWI may be due to off-target
or secondary mechanisms of AChEI exposure via organophosphorylation of unknown biomolecular targets and not AChE inhibition.

1747 An 8-Week Educational Program Improves

Mental Health of Individuals Exposed to Toxins

F. E. Ramirez2, N. Nedley2, S. Seo3, and P. E. Ganey1. 1Institute for
Integrative Toxicology, East Lansing, MI; 2Nedley Clinic, Weimar,
CA; and 3Sahmyook University, Seoul, Korea, Republic of.
Exposure to toxins has been associated with a depressed mood and
major depression. We document the effect of common toxins on participants of an 8-week non-medical intervention in 5 continents. The
educational program ran once a week for 8 weeks, the first 45 minutes
participants viewed a DVD video followed by small group discussion
together with weekly practical assignments. The program taught various
healthy habits (diet, exercise, control of thoughts, etc). The Depression
and Anxiety Assessment Test (registration TX 7-398-022) was applied
at baseline and at the end. It assessed depression, demographics and
asked about possible toxin exposure (intake of toxin-prone fish, lead
exposure, etc). The program uses toxic exposure as one the many triggers of depression. The participants qualified as having the toxic exposure if they have: high lead levels, high mercury levels, high arsenic,
bismuth, or other toxin levels or by having a high risk of exposure to
these toxins. The depression was classified according to the DSM-5 [The
Diagnostic and Statistical Manual of Mental Disorders Volume 5] into 4
categories as none (0-6), mild (7-10), moderate (11-19) or severe (20 or
more). One session of the program educated participants about toxins
and practical strategies to decrease exposure. Participants from 2008
to 2016 that finished the program were included, n=5757, in the retrospective study. Mean age 52.5 SD 15, 70% were females and 85.7% were
Caucasians. At baseline those that had toxic exposure, n=1756, had a
mean group depression of 13.2 SD 7.4 (SEM .17) mode 21, median 13
and those not exposed to toxins, n=4001, had a mean group depression of 11.9 SD 7.6 (SEM .12), mode 0, median 12. At baseline the toxin
exposed group had 1.2 higher mean difference which was statistically
significant (p<.001). By the end of the intervention, the group that had
the toxin exposure at the beginning, had a mean group depression of
6.8 SD 6, mode 0, median 5 while the no toxin group had a mean group
depression of 6.4 SD 5.9, mode 0, median 5. It seems toxin exposure
increases depression levels in this population but the intervention is
effective for both groups. The program is an effective tool to educate
communities about toxins. A control group needs to be evaluated and a
long-term follow-up is planned.

1748 Toxicity and Resilience Mechanisms in Luhmes
3D Model Exposed to Rotenone

G. Harris, A. Maertens, D. Pamies, H. Hogberg, L. Zhao, T.
Hartung, and L. Smirnova. Johns Hopkins University, Bloomberg
School of Public Health, Baltimore, MD.
Introduction: Cellular “anastasis,” Greek for resurrection, is a concept
which is not implemented in current in vitro toxicological testing,
however is relevant to mechanistic toxicology and adverse outcome
pathways (AOPs). We hypothesize that not the primary hit, but the
ability of the cells to cope with the stress (cellular recovery and resilience) determines organ selectivity. Alongside genetics, low dose exposures, can lead to disease in the long term. 3D cultures now allow for
these studies in vitro. Objectives: Here, we expose an in vitro 3D dopaminergic model (3D LUHMES) to known mitochondrial toxicant rotenone,
to compare molecular perturbations after primary hit (day 8 of differentiation), delayed effects 7 days after compound wash-out (day 15 of differentiation) and after secondary hit (day 16 of differentiation). We aim
to study cellular recovery, delayed effects after low-dose exposures and
molecular pathways involved in neurodegeneration such as Parkinson’s
disease. Methods: We treated organoids with 50 and 100 nM rotenone
and analyzed perturbations in transcriptome on day 8 and day 15. We
further studied functional endpoints such as DNA damage and repair,
neurite outgrowth, ATP level, mitophagy, alpha-synuclein accumulation
and dopamine production at both time points. Results: We analyzed
acute and delayed response of 3D LUHMES to rotenone to identify
early pathways of toxicity vs. defense; recovery vs. adverse outcome.
This encompasses, for example, the early activation of the Notch signaling pathway vs. later perturbations in energy metabolism, oxidative
stress and delayed induction of α-synuclein (PD hallmark) expression.
Increased DNA damage and repair were observed after compound withdrawal in 100 nM treated samples. In the same experiments, pro-apoptotic mir-16 was induced only on day 15 (delayed); while miR-7, known
to play a neuroprotective role in Parkinson’s disease models, was significantly downregulated after acute exposure and upregulated on day
15 (reversible). Perturbations in ATP production and neurite outgrowth
were concentration-dependent and partial reversible after rotenone
withdrawal. Conclusion: This study illustrates on a molecular level, how
chemical exposure alters cellular responsiveness, including the induction of protective means, but also molecular scars possibly associated
with late hazard manifestations and disease manifestation.

Few Activity Alterations in Ovariectomized
Female Mice

S. A. Ferguson2, A. R. Allen1, J. E. Anderson1, and T. J. Flanigan2.
1University of Arkansas for Medical Sciences, Little Rock, AR; and
2US FDA/NCTR, Jefferson, AR. Sponsor: J. Bowyer.
Breast cancer chemotherapeutic treatment typically involves drug combinations. However, patients often describe post-chemotherapy cognitive impairments characterized by memory, concentration, and attention problems, which can be long-lasting. Here, adult ovariectomized
C57BL/6 mice were used to model the early abrupt menopause that
commonly occurs with many chemotherapeutic regimens. Each was
injected (iv via tail vein) once weekly for 4 consecutive weeks with saline,
2 mg/kg doxorubicin (DOX), 50 mg/kg cyclophosphamide (CYP), or the
combination (DOX+CYP) (n=20/group). Doses were selected based on
typical human chemotherapeutic doses (e.g., the 50 mg/kg CYP dose
for a mouse (150 mg/m2) is equivalent to a human dose of 4.1 mg/kg
(151 mg/m2)). Beginning the day after the last injection and continuing
for the next 10 weeks, mice were repeatedly assessed for locomotor
activity in an automated open field (30 min sessions, post-injection days
1-2, 30-31, 56-57), motor coordination (rotating rod test, post-injections days 3, 32, 60), home cage activity (automated categorization of
24 hr videotaped behavior, post-injection days 4-5, 28-29, 58-59) and
performance in a buried food test (no food restriction, post-injection
days 16, 43, 71) using standard procedures. There were no significant
effects involving treatment in the analyses of open field activity, motor
coordination, or buried food test performance. In the first home cage
activity test, CYP-treated mice were approximately 47% more active
than saline-treated mice (p<0.03). That increased activity was apparent
during the light and dark phases of the 24 hr test, but was not different
from the saline-treated group during the subsequent two tests (post-injections days 28-29, 58-59). Because increased activity was not apparent
in the open field assessment, this particular effect requires replication.
Most endpoints indicated significant effects of test/age indicating that
behavior differed at the different test times due to age or familiarity with
the assessment. These results would indicate that at the doses tested
here, DOX and CYP have relatively few effects on measures of activity,
motor coordination, and olfaction or motivation for food reinforcement.
(Supported by NCTR Protocol E7581)

1751 Antioxidant Defense Genes Respond

Differentially to a Hepatotoxic Dose of
Acetaminophen in Male and Female Mouse Brain
Barriers

K. M. Flores, J. Renfro, and J. E. Manautou. University of
Connecticut, Storrs, CT.
The choroid plexus (CP) and blood-brain barrier (BBB) control the movement of drugs and metabolites between the brain and systemic circulation. Gender differences in drug excretion and detoxification can affect
therapeutic and toxic responses. For example, male mice are more susceptible to acetaminophen (APAP) induced hepatotoxicity. The nuclear
factor erythroid-2-related factor (Nrf2) plays an important role in the
hepatic detoxification of xenobiotics and the oxidative stress response
including the susceptibility to APAP induced hepatotoxicity in males.
Our aim was to examine gender differences in expression of Nrf2 and
related stress genes (NAD(P)H quionine oxidoreductase-1, Nqo1, heme
oxigenase-1, Ho-1 and Gclc) in the brain and CP. We also analyzed
Cyp2e1, an enzyme responsible for the bioactivation of APAP to reactive intermediates. We hypothesized that hepatic/renal gender-specific
patterns of this array of antioxidant genes would also be present in the
blood brain interfaces. We examined the differences in mRNA expression of antioxidant genes at the brain interfaces of WT and Nrf2-/- mice
following a hepatotoxic dose of APAP (400mg/kg). qRT-PCR analysis
revealed higher basal expression of Nqo1 and Ho-1 in the female in both
brain interfaces, but no differences in the expression of Cyp2e1 and Gclc
in WT mice. APAP enhanced the expression of Nqo1, Cyp2e1 and Gclc in
male brain but not female. In the CP Nqo1 was enhanced in male mice
following APAP but Cyp2e1 or Gclc were unchanged. In contrast Ho-1
was upregulated in male mouse CP after treatment with no changes
in expression in brain. Nqo1, Ho-1 and Gclc showed lower expression
in Nrf2-/- after APAP administration in BBB, although expressions in CP
were unchanged. Nrf2-/- females exhibited higher CP mRNA expression of Cyp2e1 and Nqo1 following APAP. Nrf2 target genes regulate
drug metabolism and disposition, and gender dependent expression
can potentially impact the response to oxidants/toxicants. These data
suggest that the oxidation of APAP by Cyp2e1 may not contribute to
gender-specific APAP toxicity. Due to the induction and gender dependent expression of stress response genes (Nqo1 and Ho-1), they may
play an important role in detoxification of APAP. Transcription factors
other than Nrf2 may be responsible for their regulation in the female
brain.

1750 Chemotherapeutic Agents Doxorubicin and

Cyclophosphamide Fail to Produce Learning
and Memory Impairments in Ovariectomized
C57BL/6J Mice

T. J. Flanigan3, J. E. Anderson2, A. R. Allen2, C. D. Law1, and S. A.
Ferguson1. 1National Center for Toxicological Research, Jefferson,
AR; 2University of Arkansas for Medical Sciences, Little Rock, AR;
and 3US FDA/NCTR, Jefferson, AR. Sponsor: J. Bowyer.
A number of reports describe cognitive impairments in cancer patients
following chemotherapy, both immediately following treatment and
long-term. However, ethical constraints limit the study of those effects in
clinical populations. We set out to better describe the specific nature of
such deficits, their time course, and the effects of individual chemotherapeutic agents and their combination, as drug cocktails are commonly
used clinically. Ovariectomized C57BL/6J female mice were used here
to model human breast cancer patients. Animals were ovariectomized
at the Jackson Laboratory (Bar Harbor, ME) on postnatal day (PND) 56
and delivered to our laboratory on PND 63. Animals received iv tail vein
injections of 2 mg/kg doxorubicin (DOX), 50 mg/kg cyclophosphamide
(CYP), a combination of 2 mg/kg DOX and 50 mg/kg CYP (DOX+CYP), or
saline (n = 20/group) on PNDs 77, 84, 91, and 98. Behavior was assessed
for the next 10 weeks. Mice were tested for water maze performance
on PNDs 105-109 and 133-137, object location recognition memory on
PNDs 115-116 and 170-171, Barnes maze performance on PNDs 119-123
and 147-151, and novel object recognition memory on PNDs 142-143.
Mice in all treatment groups displayed strong learning in the water and
Barnes mazes, and all animals exhibited memory for the platform location in a probe trial of the water maze. Object location and novel object
recognition was poor across all groups, including saline controls. While
statistical analyses revealed no effects of drug treatment, there were significant effects of test/age for all repeated assays, suggesting the tests
were effective at measuring learning and memory. Finding no treatment
effects in this inbred strain of mice might suggest that C57BL/6J mice
harbor protective genetic elements against the cognitive effects of chemotherapy. Given that cognitive impairments are seen in some but not
all cancer patients following chemotherapy, the testing of additional
inbred strains of mice may be warranted. (Supported by NCTR Protocol
E7581)

1752 Metformin Prevents Cigarette Smoke ExposureInduced Cerebrovascular Impairment In Vitro
and In Vivo

S. Prasad, R. Sajja, M. A. Kaisar, T. Liles, H. Villalba, and L. Cucullo.
Texas Tech University Health Sciences Center, Amarillo, TX.
Chronic cigarette smoke exposure (CSE) compromises brain microvascular system and greatly increases the risk and cerebral damage due to
stroke. Metformin (MF), a first line anti-diabetic drug, is recently shown
to alleviate ischemia-induced brain injury by promoting the activation
of Nrf2 dependent redox homeostasis. Since Nrf2 has BBB protective
effects, this study examined the time dependent effects of CSE on Nrf2
signaling pathway and explored the protective effects of MF against
CSE-induced BBB toxicity. Immunofluorescence and western blot analyses demonstrated that CSE in mouse primary BBB endothelial cells
enhanced the expression of HO-1 and PECAM-1 (oxidative/inflammatory stress markers) with concomitant loss of tight junction proteins,
ZO-1 and occludin (vs. controls). Notably, these adverse changes were
ameliorated by MF (0- 20µM) pretreatment in concentration-dependent
manner. Further, we noticed a time-dependent (bi-phasic) brain Nrf2
response following 2-4 week CSE in male C57BL/6J mice. While, 2-week
exposure resulted in an increased expression of Nrf2-regulated anti-oxidant enzymes (HO-1, NQO1) and inflammatory adhesion molecules
(VCAM1, ICAM1), prolonged CSE (4 weeks) significantly down-regulated
mouse Nrf2 and BBB integrity. In addition, we observed a striking increase
in GFAP (reactive astrocytosis) in mouse brain indicating an enhanced
oxidative stress following chronic smoke exposure. Interestingly, GLUT1
expression followed a similar decline with Nrf2 after 4 week CSE and
further studies (gene silencing and pharmacological activation of Nrf2
by sulforaphane) revealed a novel regulatory mechanism of BBB GLUT1
expression and glucose uptake by Nrf2. Pretreatment with MF (100 mg/
kg and 200mg/kg, i.p. once daily for 4 weeks) significantly reduced CSE
induced Nrf2 down-regulation and oxidative stress (vs. controls), possibly through activation of AMPK-Nrf2 signaling axis. In summary, our
data demonstrate that MF significantly attenuated cigarette smoke-induced oxidative stress and endothelial toxicity. Therefore, prophylaxis with metformin could be a viable strategy to prevent cigarette
smoke-induced cerebrovascular complications.
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1749 Common Chemotherapeutic Regimens Cause

1753 Persisting Effects of Stress or Cocaine on LTP in
the Ventral Hippocampus of Mice

C. Preston, and J. J. Wagner. University of Georgia, Athens, GA.
1. Department of Physiology and Pharmacology, University of Georgia,
Athens, GA 30602 2. Interdisciplinary Toxicology Program, University
of Georgia, Athens, GA 30602 Intraperitoneal injection is a common
route of administration for drugs, such as cocaine, in mice. This technique can induce unwanted stress effects that may be intertwined with
drug effects. We investigated the effects of two different cocaine dosing
schedules and the stress of saline control injections on behavioral locomotor sensitization (LMS) and conditioned place preference (CPP) as
well as long-term potentiation (LTP) in the ventral hippocampus (vH).
C57BL/6J mice were handled for 3 days before pre-treatment place
preference was assessed. The next day, locomotor activity was monitored in an open field chamber for 90 minutes with the mice receiving
saline or cocaine (10 mg/kg) injections after 30 minutes. CPP was established over the subsequent 4 days with saline mice receiving saline and
cocaine mice receiving either a fixed-dose (13 mg/kg) or escalating-dose
(4,8,16,24 mg/kg) in their least preferred side. Post-treatment CPP was
recorded the day after conditioning and post-treatment locomotor
activity was recorded 1 week after the last conditioning day. Slices were
prepared from the vH of these mice and field EPSPs were recorded in
the CA1 region either 1 or 4 weeks after their last exposure to cocaine.
Littermates were handled intermittently throughout this process as
“non-behavior/naïve” controls to establish baseline LTP and the effects
of acute cocaine exposure. Either escalating or fixed dosing schedules
produced LMS & CPP in these mice. Following the induction of LTP
(100Hz/1sec*3), normalized fEPSP values were increased from baseline
in behaviorally naïve mice (1.56 +/- 0.07, n= 5(15)) 60 minutes post-induction. In comparison, the fixed (1.75 +/- 0.06, n = 5(11)), escalating
(1.87 +/-0.06, n = 3(11)), and saline (1.82 +/- 0.07, n = 3(10)) groups had
significantly elevated LTP 1 week after last cocaine exposure. In contrast,
after 4 weeks LTP was not significantly larger in any of these 3 groups
as compared to the behaviorally naïve controls. These results indicate
that the stress effects of intraperitoneal injections and the associated
behavioral protocols on LTP in the vH are evident 1 week after the last
injection, but dissipate by 4 weeks after the last injection. These protocol
effects should be accounted for in the interpretation of resulting measurements by also including a behaviorally naïve group in experimental
designs.
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1754 Exposure to Acrylamide Reduces Noradrenaline
Level, Noradrenergic Axons, and Adult
Neurogenesis in Brain of Rats Similarly to
Exposure to 1-Bromopropane

K. Morita3, L. Zhang3, S. Hara2, H. Ichinose2, M. Sakai3, Y. Wakayama3,
H. Katano3, T. Sakurai3, S. Ichihara1, and G. Ichihara3. 1Mie
University, Tsu, Japan; 2Tokyo Institute of Technology, Yokohama,
Japan; and 3Tokyo University of Science, Noda, Japan.
Purpose: Human cases intoxicated with acrylamide and 1-bromopropane (1-BP) showed commonly gait disorder, memory impairment or
paresthesia. Given that both of acrylamide and 1-BP belong to soft electrophiles, we hypothesize that exposure to acrylamide induces the same
biological effects as exposure to 1-BP induces. The present study investigated effects of exposure to acrylamide on noradrenaline level, density
of noradrenergic axons and adult neurogenesis in rats, which are known
to be induced by exposure to 1-BP. Method: Four groups of 12 male
Wistar rats each were exposed to acrylamide by gavage at 0, 0.2, 2 and
20mg/kg body weight, 7 days/week for 5 weeks. Six rats of each groups
were injected with 5-bromo-2’-deoxy-uridine (BrdU) after five-week
exposure to examine neurogenesis in the dentate gyrus and density
of noradrenergic and serotonergic axons using immunohistochemistry.
The other 6 rats were decapitated after the last exposure and brains
were dissected out to measure monoamine level in different brain
regions. Result: Exposure to acrylamide for 5 weeks decreased noradrenalin level in prefrontal cortex and hippocampus, as well as decreasing
the density of noradrenergic axons in the prefrontal cortex and Brd-U
positive neurons in the dentate gyrus at 20mg/kg. Conclusion: The study
shows effects of exposure to acrylamide on the central nervous system
similar to those of exposure to 1-BP, suggesting the common mechanism for the toxicity of soft electrophiles to the central nervous system.

1755 Sex Differences in Drug Responses in the Colon
of WT and TpH-1 KO Mice

A. D. Alicea, and J. J. Galligan. Michigan State University, East
Lansing, MI.
The enteric nervous system (ENS) is a complex and independent
network embedded in the gut walls that controls autonomous gastrointestinal function from the direct connections with the central nervous
system. Understanding the ENS physiology will help us develop better
approaches to counter attack diseases as Irritable Bowel Syndrome (IBS),
a chronic gastrointestinal disease. The present study seeks to identify
sex differences in wild type mice treated with BETH, 5-HT and ACh, in
mouse colon, this to further expand our knowledge on gut physiology
and the etiology of IBS. Our experimental procedure consists of comparing, male and female colon motor reflexes by isometric tension isolated organ bath and fecal output assay. For comparison, we will also
study tryptophan hydroxylase 1 (the enzyme that synthesized 5-HT) KO
mice sex differences, during different drug treatments. As a result, sex
does not affect in vitro drug reactivity in the colon of male and female
mice and male TpH-1 KO mice showed intestinal dysmotility compared
to female TpH-1 KO mice. This suggests that a decrease in 5-HT synthesis
in males by EC cells leads to increase in fecal output.

1756 Food Allergen-Induced Behavioral Abnormality
Is Correlated with Mast Cell Accumulation
and Glial Cell Activation in the Murine Central
Nervous System

D. Germundson, L. P. Vendsel, A. V. Kelsch, C. K. Combs, and K.
Nagamoto-Combs. University of North Dakota, Grand Forks, ND.
Sponsor: D. Sens.
Food sensitivity is often reported by patients and their caregivers to
exacerbate neuropsychiatric symptoms such as depression, anxiety,
attention deficit disorder, and autism. Although a growing amount of
scientific evidence has emerged in recent years to support these observations, underlying mechanisms by which peripheral allergic responses
lead to aberrant behavior are yet to be elucidated. We hypothesized
that mast cells, a major type I allergy mediator, would migrate from the
periphery to the central nervous system and contribute to increased
inflammatory cytokine levels. Furthermore, these mediators may activate microglia and further amplify the immune response in the brain.
To test this hypothesis, we examined changes in the number of mast
cells and activated microglia in whey protein (WP)-sensitized mice
as a milk allergy animal model. Male and female C57BL/6 mice were
subjected to intragastric sensitization for five weeks with WP in the
presence of cholera toxin as an adjuvant followed by an oral WP challenge. Behavioral analysis revealed that the WP-sensitized male but not
female mice had significantly less digging activity when compared to
their respective sham injected controls. This indicated that the allergen
challenge affected typical exploratory/nesting behavior in a gender-selective fashion. The number of mast cells identified by metachromatic
staining with toluidine blue were increased predominantly in the meningeal layer as well as parenchyma of the hippocampus in WP-sensitized
mice. In addition, major histocompatibility complex-II immunoreactive, activated microglia were increased not only in the hippocampal
parenchyma, but also in various limbic-associated regions such as the
amygdala and striatum. Our results confirm that food allergy induces
behavioral abnormality and demonstrates concomitant increases in the
overall number of mast cells and activated microglia in the brain, providing a potential mechanism by which peripheral allergic responses
may evoke behavioral dysfunction.

1757 To Vape or Not to Vape: Addressing

Some E-Cigarette Safety Concerns at the
Cerebrovascular Level

M. A. Kaisar, A. E. Sifat, T. J. Abbruscato, and L. Cucullo. Texas Tech
University Health Sciences Center, Amarillo, TX.
The electronic cigarette (e-Cig) is a battery powered device, designed
to vaporize a solution of nicotine and/or flavorings (e-liquid) in edible
solvents (propylene glycol, vegetable glycerin) into an aerosol/vapor.
The users inhale e-Cig aerosol like tobacco smoke (TS) in a noncombustible manner known as vaping. Although the popularity of e-Cig is
booming, very little data are available to assess their safety. In particular,
cerebrovascular effects of e-Cig vaping, have never been addressed to
date. In fact, several preclinical studies have shown that nicotine can
cause exacerbation of cerebral ischemia and secondary brain injury.
Likewise, chronic e-Cig vaping could be prodromal to cerebrovascular
impairment and promote the onset of stroke and post-ischemic brain

1758 Acetaminophen (APAP) Overdose Decreased
Dopamine Levels in the Main Brain Areas
Involved in Locomotor Regulation in Rats

M. B. Vigo1, M. J. Peréz2, D. F. Fernanada2, J. E. Manautou3, and C.
I. Ghanem2. 1University of Buenos Aires, Buenes Aires, Argentina;
2University of Buenos Aires, Buenos Aires, Argentina; and
3University of Connecticut., Storrs, CT.
APAP overdose is theleading cause of acute liver failure (ALF) in the
USA. We previously reported a reduction in locomotor activity (~50%)
in rats with APAP-induced liver damage, but without ALF. The aim of the
present study was to evaluate the effect of acute APAP intoxication on
the dopamine (DA) system in brain areas regulating locomotion. For this
purpose, male Wistar rats were dosed with APAP (1g/kg) or vehicle. 24h
later, pre-frontal cortex (Pfc), N. Accumbens (Ac), striatum (St) and cortex
(Cx) were processed to measure DA levels by HPLC. Another cohort of
rats was used to evaluate protein expression of a mastrocyte marker
(Glial fibrilar protein; Gfap), a neuronal marker (Neurofilament heavy;
NF200) and nuclear translocation of Nrf2 as indicator of response to
oxidative stress. APAP significantly decreased DA levels in Pfc and St
by 80% and 50%, respectively, with no changes detected in Ac or Cx.
DOPAC, the main metabolite of DA, was increased by 117% in St, while
decreased in Pfc and Ac by 63% and 83%, respectively. GFAP protein
expression was significantly increased by 70%, 202% and 9% in St, Ac
and Pfc, respectively, with no changes in Cx. By contrast, Nf200 expression significantly decreased 66%, 70% and 39% in Pfc, Ac and St, respectively, with no changes in Cx. APAP also increased nuclear localization
of Nrf2 by 150%, 140% and 42% in Pfc Ac and Cx, respectively, with no
changes in St. Our results demonstrate that hepatotoxicity by APAP not
resulting in ALF occurs concurrently with decreases in DA levels in brain
areas involved in locomotor regulation. This suggests that impairment
in DA signaling may be responsible for APAP-induced hypolocomotion.
We also propose that this response could involve activation of endocannabinoid system by AM404, the principal APAP metabolite in brain.
We also demonstrated that APAP produces astrogliosis and a decrease
the marker of neurons processes, suggesting neuronal damage too. The
absence of ALF in these rats strongly support the idea that these are
direct toxic effects of APAP in the brain.

1759 Development of a High-Throughput Assay for

Identification of Acetylcholinesterase Inhibitors

Li1,

S.
S. F. Michael2, Y. Liu2, S. Solomon1, R. Huang1, and M. Xia1.
1NCATS, Rockville, MD; and 2US FDA, Laurel, MD.
Acetylcholinesterase (AChE) is an enzyme responsible for the metabolism of acetylcholine, a neurotransmitter that regulates muscle movement, cognition, and other neurobiological processes. Inhibition of AChE
activity is a key mechanism of toxicity, and is associated with adverse
effects including gastrointestinal upset, vomiting, and muscular paralysis. A variety of pesticides, phytochemicals, and drugs can inhibit AChE;
however, many substances in foods, plants, and the environment have
unknown effects on AChE, and there are no cell-based high-throughput
screening methods available for the identification of AChE inhibitors.
Therefore, in the present study, a fluorescence-based AChE inhibition
assay was developed using a human neuroblastoma cell line (SH-SY5Y)
in 1536-well plates. This assay was then validated by screening 1368

compounds, which includes a commercially available library of pharmacologically active compounds (LOPAC). From the screening, 20 potent
inhibitors (IC50 ≤10 µM) were identified, followed by 53 weaker inhibitors (IC50, 10-50 µM). Moreover, a group of known AChE inhibitors were
identified such as (-)-physostigmine (IC50, 0.31 µM), pyridostigmine
bromide (IC50, 1.19 µM), tacrine (IC50, 0.84 µM) and phenserine (IC50,
0.85 µM), consistent with previous reports. Several novel AChE inhibitors
were also identified from this study including chelerythrine chloride, a
plant alkaloid, and cilostazol, a drug used to treat peripheral vascular
disease. Overall, this assay can be used to identify chemicals that inhibit
the activity of AChE, a key metabolic enzyme involved in neurotoxicity.
In the future, a 10,000-compound library containing drugs, phytochemicals, food additives, and industrial pollutants will be screened with this
method, which will identify new AChE inhibitors that can be a concern
to human health.

1760 Toxicology and Pharmacology of Zika Virus

Evaluated by Creating Virus Pathophysiology in
a Brain Organotypic Model

D. Pamies, L. Gama, C. Monteiro Abreu, P. Searson, T. Hartung, C.
Pardo-Villamizar, P. Barreras, M. Knight, and H. Hogberg. Johns
Hopkins University, Baltimore, MD.
Organotypic cultures prove their utility by replicating organ-pathophysiology. The current outbreak of Zika virus infections in South, Central
and North America in most infected adults shows no symptoms, though
it can cause neurological disorders such as Guillain-Barre syndrome.
However, infection during pregnancy has been linked to miscarriage
and microcephaly, a potentially fatal congenital brain condition. Zika
belongs to the flaviviridae virus that is related to the Dengue virus. Two
different linages (the African and the Asian) with different potency have
been identified. Our laboratory has developed and extensively characterized a 3D human induced pluripotent stem cell (iPSC)-derived organotypic brain model. In this study we have studied the toxic effects of different strains of Zika (from Uganda, Brazil, Thailand and Colombia) and
Dengue virus in both immature and mature brain models. In addition, a
model of the blood brain barrier (BBB) has been incorporated. Different
endpoints, such as cell viability, gene expression, cytokine release, mitochondria dysfunction, and BBB integrity (TEER) were analyzed. All viruses
tested induced effects in the 3D brain models. However, the immature
model was more sensitive than the mature brain model as cell death
was observed at earlier time points. Furthermore, the Zika strain from
Thailand and Brazil had a stronger effect on the BBB integrity than the
other viruses. The use of a 3D human in vitro model has the potential to
give new mechanistic information about Zika induced developmental
neurotoxicity. This also adds confidence to the assessment of neurodevelopmental effects of chemicals studied in parallel.

1761 The Metabotropic Glutamate Receptor Agonist

2-chloro-5-hydroxyphenylglycine (CHPG)
Increases BDNF and Myelin Proteins While
Improving Motor Coordination after CuprizoneInduced Demyelination

K. S. Saitta3,1,, Y. Huang2, C. Varghese1,2,, and C. F. Dreyfus1. 1Robert
Wood Johnson Medical School, Piscataway, NJ; 2Rutgers Robert
Wood Johnson Medical School, Piscataway, NJ; and 3Rutgers
University, Piscataway, NJ.
The demyelinating agent cuprizone (0.2%) causes a decrease in
brain-derived neurotrophic factor (BDNF), myelin proteins, and motor
coordination in mice after 4-6 weeks of treatment. Similarly, patients
with relapsing-remitting multiple sclerosis have decreased levels of
BDNF in addition to decreased myelin proteins. Therefore, an intriguing
therapeutic approach for these types of demyelinating diseases may
be to enhance the endogenous source of BDNF. The aim of this study
was to enhance endogenous BDNF through the selective mGluR Group I
agonist, 2-chloro-5-hydroxyphenylglycine (CHPG), by using the clinically
relevant approach of a peripheral injection. Cuprizone or identically
processed control feed was fed to mice for 4 or 6 weeks starting at 8
weeks of age prior to intraperitoneal injections of saline vehicle or CHPG
(20 or 40 mg/kg). Western blot was used to analyze the levels of BDNF,
myelin proteins, and oligodendrocyte progenitor cell markers after 4
weeks of cuprizone. CHPG increased levels of BDNF and myelin proteins
24 hours after injection and this effect lasted up to 3 days. Additionally,
cuprizone treatment causes an increase in oligodendrocyte progenitor
cell markers NG2 and PDGFRα, which were reduced after CHPG administration. Interestingly, CHPG did not alter these proteins or myelin proteins in control-fed mice. Furthermore, deficits in motor coordination
were evident after 6 weeks of cuprizone as assessed by the Rotarod
test, which were reversed after CHPG administration. Taken together,
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injury. Defective Nrf2-dependent redox signaling, hence lack of neuroprotective role has been implicated in cerebrovascular dysfunction
associated with TS exposure. Based on these premises, we tested the
hypothesis that by promoting cerebrovascular inflammation and loss of
BBB integrity through impairment of the Nrf2-ARE antioxidant response
system chronic e-Cig vaping may also enhance the risk of ischemic stroke
and post-ischemic secondary brain injury. Primary human and mouse
brain microvascular endothelial cells were exposed to e-Cig vapor
and TS extracts for 24 hours. Similarly to TS, e-Cig extracts downregulated the tight junctional accessory protein ZO-1 suggesting an overall
impairment of BBB integrity. Western blot analysis demonstrates that
both TS and e-Cig exposure promoted BBB endothelial inflammation
evidenced by the up-regulation of PECAM-1. Nrf2 was also strongly activated in acute exposure. This is clearly evident by the upregulation of
its downstream signaling molecule NQO-1. Preliminary in vivo results
have also shown that both TS and e-Cig significantly downregulate circulating level of thrombomodulin, suggesting a procoagulant pre-disposition in C57BL/6 mice. Surprisingly, we observed increased percent
of brain infarct area (2, 3, 5-triphenyltetrazolium chloride-TTC staining)
and neurological deficits in both TS and e-Cig exposed mice subjected
to 30 min of transient middle cerebral artery occlusion (tMCAO) and 24 h
of reperfusion compared to control animals. These data clearly suggest
that from a cerebrovascular perspective e-Cig vaping poses a risk for
stroke similar to tobacco smoking.

these data suggest that selective mGluR Group I agonists such as CHPG
may be a therapeutic approach for treating demyelinating diseases
by increasing the levels of BDNF and myelin proteins possibly by promoting differentiation of oligodendrocyte progenitor cells. (Supp: NIH
NS036647; T32ES007148; and NMSS RG 4257B4/1)

1762 Dendrobium nobile Lindl Alkaloid Induce

Autophagy Flux in Hippocampus Primary
Neurons of Rats

L. Li2, Y. Lu2, J. Nie2, Y. Xu2, W. Zhang2, W. Yang2, Q. Gong2, Y. Lu2, Y.
Lu1, and J. Shi2. 1Shanghai Jiao Tong University, Shanghai, China;
and 2Zunyi Medical University, Zunyi City, China.
Macroautophagy (hereafter referred to as autophagy) is a complex chain
of intracellular process in which cargo such as damaged mitochondria,
ribosomes, misfolded proteins and some long-lived molecules are transported to lysosomes for degradation. The principal role of autophagy
is the recycling of nutrients for survival and degradation of cargo by
lysosomal enzymes for maintaining intracellular homeostasis in physiological and pathological events. To inhibit or induce the autophagy
have been considered as a promising target for new drugs development
to therapy cancer or degeneration diseases of central nervous system.
Dendrobium nobile lindl alkaloid (DNLA) is mainly active ingredients
extracted from Dendrobium nobile lindl, which is a well-know traditional
Chinese medicine as a tonic and antipyretic since ancient days. In the
present study, we evaluated the effects of DNLA on autophagy flux in
hippocampus primary neurons of rats in vitro. To visualize formation of
autophagosome, GFP-LC3B was overexpressed in hippocampus primary
neurons of rats, and treatment with DNLA provoked an increase of GFPLC3B dots and enhancement of SQSTM1/p62 degradation in a dose- and
time-dependent manner. Colocalization of GFP-LC3B with Lyso-Tracker
Red showed that DNLA treatment facilitated autophagosome-lysosome
fusion. Furthermore, dequenching of DQ Red BSA happened in neurons
treated with DNLA due to activation of lysosomal cathepsin B and D
activity by acidifying lysosomal compartments. These results suggest
that DNLA induces autophagy flux in hippocampus primary neurons of
rats by promoting the formation and degradation of autophagosomes.
Token together with our previous publication, DNLA might represent a
potential benefit for the treatment of Alzheimer’s Disease.

1764 Farnesoid X Receptor Activation Decreases

Nitrite Production following Cytokine Exposure
of Immortalized Mouse Astrocytes

S. Burchfield1, B. Kong2, G. Guo2, and J. Richardson1. 1Northeast
Ohio Medical University, Rootstown, OH; and 2Rutgers University,
Piscataway, NJ.
In neurodegenerative diseases, pro-inflammatory cytokines such as
TNF-α and IL-1β are released by microglia. This increase in cytokines also
activates astrocytes, which produce reactive molecules, such as nitric
oxide, leading to deleterious effects on neighboring neurons. The farnesoid X receptor (FXR), a ligand-gated transcription factor of the nuclear
receptor superfamily, is expressed in many tissues including the liver and
intestine. In the livers of FXR-/- mice, spontaneous tumorigenesis and
inflammation has frequently been observed. Furthermore, stimulation
of FXR with synthetic agonists such as GW4064 (GW) and WAY-362450
(WAY) has been shown to be protective against inflammation in several
liver and gastric inflammation models. We have previously demonstrated that FXR is also present in the brain, where it is predominantly
found in astrocytes and certain neuron populations, but not basally
expressed in microglia. Furthermore, FXR-/- mice exhibit neuroinflammation as evidenced by induction of reactive astrocytes, suggesting
FXR may regulate inflammatory pathways in the brain as well. To assess
the role of FXR during inflammation, immortalized mouse astrocytes
(IMA 2.1) were treated with a cytokine mixture (CM) of 10 ng/mL TNF-α,
10 ng/mL IL-1β, and 20 ng/mL IFN-γ in the presence or absence of the
FXR agonists GW or WAY (0.1-10 µM) for 24 hr. AlamarBlue reagent was
used to determine cell viability, and media levels of nitrite, as an index
of astrocyte activation, were measured using Griess reagent. Cell viability was not significantly decreased following any treatment. CM treatment caused a significant increase in nitrite production compared to
untreated cells (248%, p < 0.01). This was significantly attenuated by
co-treatment with 1 or 10 µM of GW (p ≤ 0.01) and 0.1, 1, or 10 µM of
WAY (p ≤ .03). These data suggest that FXR may play a role in the inflammatory response of astrocytes and could be a novel therapeutic target
for reducing neuroinflammation linked to neurodegenerative diseases
such as Parkinson’s Disease. (Supported in part by NIH R01ES021800 and
R01GM104037)

1764b MEIS1 Genetic Association with Restless Legs
Syndrome
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1763 Aversive Impact of Chemical Irritants on Main

Olfactory Epithelium Structure and Function in
Mice Lacking TRPM5-Expressing Microvillous
Cells

K. Lemons, J. Sun, T. Ogura, J. Chang, and W. Lin. University of
Maryland Baltimore County, Baltimore, MD. Sponsor: J. Rayner.
The main olfactory epithelium (MOE) in the nasal cavity detects inhaled
odorants with high sensitivity. However, harmful microorganisms, pollutants, and irritants may also enter the MOE on inhaled air, adversely
impacting MOE structure and function. Mechanisms for maintaining
MOE integrity and protectively regulating olfactory activity are poorly
understood. We previously demonstrated that a set of microvillous cells
(MCs) in the MOE expressing transient receptor potential channel M5
(TRPM5) are responsive to harmful stimuli and capable of releasing acetylcholine (ACh), which alters intracellular calcium levels in neighboring
sensory neurons (Ogura et al 2011, J Neurophysiol. PMID 21676931). We
hypothesize that TRPM5-MCs play a role in protecting olfactory function during irritant exposure. To test this, we continuously exposed male
Skn-1a knockout mice (Skn-1a-/-) lacking TRPM5-MCs and male wild type
mice (WT) to a mixture of odorous chemical irritants (propionic acid,
triethylamine, ethyl acetate, and ammonium hydroxide) for two weeks.
We then monitored morphological changes in the MOE using immunohistochemistry and observed thinning in the anterior MOE of irritant-exposed mice. To evaluate functional deficits, we performed olfactory
behavior assays to assess general olfactory detection (buried food test),
social odor discrimination (block test), and odor preference (T-maze).
Irritant-exposed Skn-1a-/- mice displayed an increased latency to locate
a buried food stimulus, decreased investigation of a social odor from a
novel male, and lacked an appreciable preference for female urine (an
attractive stimulus) over water compared to vehicle-exposed Skn-1a-/control mice. Conversely, performance in these assays was comparable
between vehicle and irritant-exposed WT mice after exposure. These
results suggest that TRPM5-MCs play an important role in maintaining
olfactory function after irritant exposure. (Funded by NIH/NIDCD 012831
to W. Lin)

R. Nitin4, S. Patton2, P. Chen1, W. Welch4, A. Andersron3, K. Bagai4,
J. Connor2, A. Walters4, M. Aschner1, and A. B. Bowman4. 1Albert
Einstein College of Medicine, Bronx, NY; 2Penn State University
College of Medicine, Hershey, PA; 3Vanderbilt University, Nashville,
TN; and 4Vanderbilt University Medical Center and Vanderbilt
University, Nashville, TN.
Primary Restless Legs Syndrome is a neurologic sensorimotor disorder
with an intense need to move one’s legs to ease the discomfort. RLS
is prominent in people of European descent and has a strong genetic
component (~60%), being either familial or idiopathic. Clinical observations have indicated a role of the dopaminergic system and iron homeostasis - since dopamine agonists alleviate certain symptoms, and there
is a marked systemic iron deficiency in patients. We hypothesize that
manganese an essential divalent co-factor with shared neural distribution and transporters with Fe is also dysregulated in RLS. Fe and Mn
biology is inversely linked such that Fe deficiency leads to excessive Mn
retention, which in turn can lead to dopaminergic neurotoxicity; potentially explaining RLS pathophysiology. MEIS1 and BTBD9 SNPs have
been identified by GWAS as the highest odds ratio associated with RLS.
The MEIS1 risk SNP carries a 50% increased RLS occurrence, and affects
Fe levels, even without a RLS diagnosis. Patients carrying the MEIS1 risk
SNP also show reduced MEIS1 mRNA and protein levels. Here we report
on a clinical study underway at Vanderbilt, the sampled population of
RLS patients show an enrichment of the risk allele (compared to controls) for BTBD9, allele frequency 0.75 (control 0.56), and MEIS1, allele
frequency 0.2 (control 0.1). MEIS1 is a homeobox gene, whose functional
loss has been shown to affect Fe homeostasis. To explore the role of
manganese, we used a CRISPR knockout approach in a human cell line
and observed a significant increase in the Mn uptake in MEIS1 loss-offunction compared to control. Further we are testing if BTBD9 also has
an effect on Mn uptake using a similar CRISPR approach and confirming
our findings using human neuronal cell lines. This work is aimed at delineating the roles of MEIS1 and BTBD9 genetic contribution to RLS pathophysiology, manganese homeostasis and neurotoxicity. Supported by
ES010563 (MA and AB)

the Epiocular Eye Irritation Test

K. Y. Ko, M. Hong, G. Lee, T. S. Kim, J.-S. Yi, I. Y. Ahn, J. H. Kim, H.-K.
Park, S. J. Sohn, and J. K. Lee. Korea Ministry of Food and Drug,
Chungju-Si, Korea, Republic of. Sponsor: M. K. Sohn.
The EpiOcular Eye Irritation Test (EIT) is an alternative to the Draize
rabbit eye test to predict acute eye irritation potential of chemicals by
measuring their cytotoxic effect on the 3D reconstructed human cornea-like epithelial (RhCE) model. The EpiOcular EIT approved as OECD
TG 492 is used for identifying chemicals not requiring classification and
labelling for eye irritation or serious eye damage. The objective of this
study was to establish the EpiOcular EIT in our lab and then predict eye
irritation potential of several test chemicals using the method. We prepared the Standard Operating Procedure (SOP) for the EpiOcular EIT on
the basis of the procedures suggested by OECD TG 492 and MatTek.
Also, we performed a proficiency test with 15 chemicals suggested by
TG 492 to demonstrate our technical proficiency in the method. Finally,
we evaluated eye irritation potential of 12 chemicals, which were consisted of 3 UN GHS category 1, 5 UN GHS category 2 or 2A, 4 UN GHS no
category. In the proficiency test, we confirmed that the results for the 15
chemicals including controls were accordant with the UN GHS classification and were within the range of acceptance criteria. In the predictive capacity evaluation, eye irritation potency of the 12 substances was
also identified to be accordant with the UN GHS classification and to be
within the range of the acceptance criteria suggested by the method.
This research was funded by the Korea Ministry of Food and Drug Safety in
2016 (16181MFDS521).

1766 CON4EI: Consortium for In Vitro Eye Irritation
Testing Strategy

A. R. Van Rompay7, E. Adriaens1, N. Alépée5, L. Blakeman1, B.
Meyer1, J. A. Willoughby2, H. Kandarova6, A. Drzewiecka4, P.
Fochtman4, K. Gruszka4, R. Guest3, G. Maglennon3, J. Schofield3,
and S. Verstraelen7. 1Adriaens Consulting bvba, Aalter, Belgium;
2Cyprotex US, LLC, Kalamazoo, MI; 3Envigo, Derbyshire, United
Kingdom; 4Institute of Industrial Organic Chemistry, Pszczyna,
Poland; 5L’Oréal Research & Innovation, Aulnay-sous-Bois, France;
6MatTek In Vitro Life Sciences Laboratories, Bratislava, Slovakia;
and 7VITO NV (Flemish Institute for Technological Research NV),
Mol, Belgium.
Measurement of ocular irritancy is a necessary step in the safety evaluation of industrial and consumer products. Assessment of the acute
eye irritation potential is therefore part of the international regulatory
requirements for testing of chemicals. The objective of the CON4EI
project is to identify strategic combinations of alternative test methods
within a tiered-testing strategy in order to replace the in vivo Draize
eye test. Therefore, a set of 80 reference chemicals covering the most
important in vivo drivers of classification, balanced according to the
physical form (38 liquids and 42 solids) and representing different chemical classes, was tested in eight in vitro test methods. The set was composed of 15 chemicals not requiring classification (No Cat) and 65 chemicals requiring classification (27 Cat 2 and 38 Cat 1). The performance with
regard to the in vivo drivers of classification of the following methods
was evaluated individually: BCOP and BCOP-LLBO, ICE, EpiOcular EIT,
EpiOcular ET-50, HCE EIT, STE and SMI test method. In a second step,
two by two agreement between test methods was evaluated to identify similarities between methods. Finally, different test methods were
combined into a testing strategy and the performance was evaluated.
This analyses provided evidence that different testing strategies are possible. For example, a combination of the BCOP and HCE EIT test method
resulted in an accuracy of 81% with a Cat 1 sensitivity of 86.3%, Cat 2
sensitivity of 63% and 100% specificity. Furthermore, none of the Cat
1 chemicals were identified as No Cat. This was an improvement over
the stand alone assays that cannot differentiate between the different
categories. Similar results were obtained when the BCOP was combined
with HCE EIT or EpiOcular EIT. (This research is funded by CEFIC-LRI. We
acknowledge Cosmetics Europe for their contribution in chemical selection).

1767 CON4EI: EpiOcular Eye Irritation Tests (OECD TG
492 and ET-50 Protocols)

H. Kandarova7, S. Letasiova7, E. Adriaens1, N. Alépée6, A.
Drzewiecka5, P. M. Fochtman5, K. D. Gruszka5, R. Guest4, G.
Maglennon4, J. Schofield3, J. A. Willoughby2, S. Verstraelen8, and
A. R. Van Rompay8. 1Adriaens Consulting BVBA, Aalter, Belgium;
2Cyprotex US, Kalamazoo, MI; 3ENVIGO, Cambridgeshire, United
Kingdom; 4ENVIGO, Derby, United Kingdom; 5Institute of Industrial
Organic Chemistry Branch Pszczyna, Pszczyna, Poland; 6L’Oréal
Research & Innovation, Aulnay-sous-Bois, France; 7MatTek In
Vitro Life Science Laboratories, Bratislava, Slovakia; and 8VITO NV,
Applied Bio & Molecular Systems, Mol, Belgium.
Assessment of the acute eye irritation potential is part of the international regulatory requirements for testing of chemicals. The objective
of the CON4EI (CONsortium for in vitro Eye Irritation testing strategy)
project is to develop tiered testing strategies for eye irritation assessment for all drivers of classification. For this, a set of 80 reference chemicals (38 liquids and 42 solids) was tested with eight different alternative
methods. Here, the results obtained with reconstructed human cornea-like epithelium (RHCE) EpiOcular and the EpiOcular Eye Irritation
Test (EIT) -adopted as OECD TG 492 - are shown. The primary aim of this
study was an evaluation of the performance of the test method to discriminate chemicals not requiring classification for serious eye damage/
eye irritancy (No Category) from chemicals requiring classification and
labelling (Category 1 and 2). In addition, the predictive capacity in terms
of in vivo driver of classification was investigated. In a second step, it was
investigated whether the EpiOcular EIT can be used as part of a tieredtesting strategy for eye irritation assessment. The chemicals were tested
in two independent runs by MatTek IVLSL. For the EpiOcular EIT (OECD
TG 492), a sensitivity of 96.9% and specificity of 86.7% with an accuracy of 95% was obtained overall and for both runs separately (100%
concordance). For the EpiOcular ET-50 method, the overall accuracy of
74.5%, an FNR of 3.1% (Classified versus Not classified) and FPR of 3.4%
(Classified versus Not classified) were achieved. Furthermore, about 79%
of the Cat 1 liquids and 69% of the Cat 1 solids and 68% of the Cat 2
liquids and about 61% of the Cat 2 solids were identified correctly. The
results of these studies seem promising with regard to the evaluation
of inclusion of these test methods in an integrated testing strategy (ITS)
for eye irritation assessment. (This research is funded by CEFIC-LRI. We
acknowledge Cosmetics Europe for their contribution in chemical selection).
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1768 Partial Reversal of Retinal Effects in the Recovery
Phase of a Chronic Monkey Toxicity Study

L. Mueller, B. Jacobsen, N. Denk, S. Kustermann, and A. Poirier. F.
Hoffmann-La Roche, Basel, Switzerland.
During a chronic toxicity study in cynomolgus monkeys of a heterocyclic compound derived from a substituted coumarin chemotype,
retinal degeneration was observed during and at the end of daily oral
dosing for 39 weeks. During the in life phase, multifocal peripheral retina
degeneration in the photoreceptor layer and microcystic spaces in the
inner retinal layers were detected by optical coherence tomography
(OCT). This was associated with a depressed B-wave which was more
obvious in a scotopic (rod-driven) than a photopic (cone-driven) light
setting in the electroretinogram (ERG). Histopathologically, the most
affected layers were the outer nuclear layer (ONL) and photoreceptor
layer with vacuolation of the inner nuclear layer (INL). Incidence and
severity were dose dependent and mostly located in the periphery.
A no effect level for the retinal findings was established. In a 22-week
recovery phase after 39 weeks of treatment, retinal degeneration with
peripheral photoreceptor loss remained present. In OCT, however,
microcystoid macular degeneration decreased significantly and areas
of white speckled hyperfluorescence became less dense. In the previously treated animals, ERG amplitudes noticeably increased by the end
of the recovery phase showing normal ERGs in 3/4 recovery animals.
Histologically, retinal degeneration with photoreceptor loss and retinal
pigment epithelium (RPE) hypertrophy were still present, but the vacuolation of the INL had reversed with the latter being likely the reason for
recovery from depressed ERG responses. Experimental evidence give
reasons to assume that the effect on the retina is not directly associated
with effects on tissue proliferation but related to in vitro evidence of
high melanin binding and tissue retention in the retina and impairment
of lysosomal/autophagosomal function in retinal pigmented epithelial
cells.
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1765 Predictive Capacity Evalution of Chemicals Using

1769 Repeated-Dose Ocular Instillation Toxicity

1771 Circulating miR-96-5p, -124-3p, and -183-5p As

M. Kurata, Y. Yamagiwa, Y. Haranosono, and H. Sakaki. Senju
Pharmaceutical Co., Ltd., Kobe, Japan.

D. Kakiuchi, Y. Taketa, E. Ohta, Y. Fujikawa, K. Nakano, S. Asakura,
and S. Hosokawa. Eisai. Co., Ltd., Tsukuba-shi, Ibaraki, Japan.

A repeated-dose ocular instillation toxicity study is one of general toxicity studies. The study has unique characteristics of its study design
such as species selection and the administration methods, because
the test article as eye drop formulation is directly administered to the
pharmacological target tissues. The present survey was carried out
in order to grasp the current status of study design of repeated-dose
ocular instillation toxicity studies. The information was collected from
the common technical documents (CTDs) of approximately 20 eye-drop
drugs which were approved in the last decade in Japan. The CTDs were
ones issued from 8 companies including a few global companies. The
species most frequently employed was rabbits, followed by monkeys,
and by dogs. Regarding rabbits, the most frequently used breed was
New Zealand white rabbits, and followed by Dutch-belted rabbits. Both
sexes were used in almost all studies. In most cases, the maximum concentration of test articles was set as 3 to 10 folds high against the clinical
doses, and dosing frequency per day was set as 1.5 to 2 folds of the
clinical usages. In many cases, the test articles were instilled with one
or two drops or a fixed volume (e.g., 0.050 mL/eye in rabbis, 0.030 mL/
eye in monkeys, and 0.030 to 0.100 mL/eye in dogs). As optional ophthalmology examinations, measurements for intraocular pressure and
corneal thickness were integrated frequently. In conclusion, the present
survey revealed characteristics of the study design in repeated-dose
ocular instillation toxicity studies. In some aspects, the study designs
were different from those of systemic dose toxicity studies. The present
result of survey would be a baseline to consider the study design of
repeated-dose ocular instillation toxicity studies.

Drug-induced retinal toxicity can result in loss of vision and significantly
decrease quality of life. It is important to detect retinal toxicity as early
as possible to avoid severe damage to vision. However, there is a paucity
of available circulating biomarkers to detect retinal toxicity. Recently, it
is reported that several circulating microRNAs can serve as predictive
biomarkers for drug-induced retinal injury. In the present research, we
investigated the use of circulating microRNAs as specific biomarkers to
detect different types of retinal toxicities. Serum was collected from rats
at 6, 24 and 48 hours and 1 week after dosing of drugs known to induce
different types of retinal toxicities. Six microRNAs (miR-96-5p, -124-3p,
-183-5p, -184, -204-5p, and -211-5p) highly expressed in the eye were
measured by quantitative RT-PCR. N-methyl-D-aspartate (NMDA: 200
nmol/eye, intravetreal injection) was used to induce death of retinal
ganglion cells, N-methyl-N-nitrosourea (MNU: 10, 30, and 50 mg/kg, i.p.)
to induce photoreceptor cell death, and sodium iodate (NaIO3: 10 and
30 mg/kg, i.v.), degeneration/necrosis retinal pigment epithelial cells.
All resulted in retinal dysfunction as measured by ERG. In rats given
NMDA, serum miR-124-3p was significantly increased at 6 hours after
administration which was associated with retinal ganglion cell death.
Rats given MNU at 50 mg/kg showed elevations of serum miR-96-5p and
-183-5p as well as -124-3p at 24 hours which was associated with photoreceptor cell death. The published distribution of these 3 microRNAs in
the retina corresponded to the lesion. On the other hand, in rats given
NaIO3, degeneration/necrosis of pigment epithelium was observed
without obvious death of neuronal cells or changes in the examined
microRNAs. These results suggest that measurement of circulating miR96-5p, -124-3p, and 183-5p can be used to characterize the distribution
of neuronal cell death in the retina. Further research will be needed to
detect damage on other components of retina.

Study: A Survey of Study Design on the Basis of
CTD in Japan

1770 Improvement of the Predictability for Drug-

Induced Retinopathy by Functional Analysis of
the Retinal Pigment Epithelial Cells
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S. Ike, A. Yamashita, M. Kochi, J. Deguchi, T. Yamada, I. Miyawaki,
and K. Bando. Sumitomo Dainippon Pharma Co., Ltd., Osaka,
Japan.
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Introduction: Drug-induced retinopathy (hereafter called “retinopathy”)
is a severe safety problem in drug development. As it manifests generally when the drug is chronically dosed to animals, a novel method
is required to evaluate the potential of retinopathy in the early drug
discovery stage. Phagocytosis of the photoreceptor outer segment by
retinal pigment epithelial (RPE) cells contributes to the maintenance of
the visual function, and hence dysfunction of the RPE cells is one of the
causes of retinopathy. Some cationic amphiphilic drugs (CADs), such
as chloroquine, are reported to cause retinopathy in mammals by disturbing lysosomal function of RPE cells. Therefore, an in vitro assay for
retinopathy using RPE cells was recently introduced; but its specificity is
still controversial. Thus, we tried to improve the predictability of the assay
by focusing on the potential to induce lysosomal dysfunction in RPE
cells. Method: The human RPE cell line, ARPE-19 (4000 cells/well), were
exposed to drugs (3 to 100 μM: CADs inducing retinopathy in mammals
or not) for 24h, subsequently the intracellular amounts of lysosome
(LYS) and LC3B (autophagosome marker) were measured using fluorescent probe or immunofluorescent staining, and high content imaging
system. Then, the effective concentration (EC) increasing 10-fold from
vehicle control level of LYS or LC3B was determined. Subsequently, we
considered the usefulness of EC values as parameters for retinopathy
prediction. Results and Discussion: Significant increases of LYS and
LC3B were induced by all CADs applied in this study. Moreover, CADs
inducing retinopathy showed specifically lower EC values compared
to CADs not inducing that, and suggesting that the retinopathy could
be estimated by the potential to disturb lysosomal function. There is a
room for improvement in the previous method, since the results of the
evaluation were highly depending on the physicochemical properties of
drugs. On the other hand, this new method, assessing EC values which
indicate the potential to induce lysosomal dysfunction, showed higher
specificity in the evaluation of CADs. These results indicated that our
evaluating method could be a useful screening assay for retinopathy.

Specific Biomarkers for Drug-Induced Retinal
Toxicity

1772 Cyp1b1 Expression Regulates Proliferation and
Migration of Retinal Astrocytes

J. M. Falero Perez, C. M. Sorenson, and N. Sheibani. University of
Wisconsin, Madison, WI.
Astrocytes are the most abundant cells in the central nervous system
and their dysfunction contribute to pathogenesis of various neurovascular diseases. In the eye, retinal astrocytes (AC) play an important role
in maintaining the integrity of the retinal neurovascular function during
development and diabetic stress, and their dysfunction contributes
to pathogenesis of diabetic retinopathy. Recent studies have demonstrated the expression of Cyp1b1 in the neurovascular structures of
the central nervous system including AC. We have shown that Cyp1b1
expression in vascular cells is a key regulator of oxidative stress and its
deficiency in mice results in attenuation of angiogenesis in vivo and the
pro-angiogenic activity of retinal vascular cells in vitro. AC, as a major cellular component of retinal vasculature, contribute to the development
and the integrity of blood-retinal-barrier and neuronal function of the
retina. How Cyp1b1deficiency affects these functions of AC needs investigation. Using retinal astrocytes prepared from wild type (Cyp1b1+/+)
and Cyp1b1-deficient (Cyp1b1-/-) mice we have determined the impact
of Cyp1b1-deficiency on retinal AC function. The Cyp1b1 -/- retinal AC
were more proliferative and migratory, and exhibited altered adherent
properties. Cyp1b1-/- retinal AC were also defective in their ability to
form a network when cultured in Matrigel. This may impact proper formation of the primary vascular network in the retina. Currently, we are
determining the impact of targeted deletion of Cyp1b1 in retinal AC
on retinal vascular development and neovascularization. Collectively
our results demonstrate the important impact of Cyp1b1 expression on
retinal AC function, and retinal vascular development and neovascularization.

1773 Exposure of Sodium Iodate in Aquarium Do Not

Induce Histopathological Changes in the Retina
of Larval, Juvenile, and Adult Zebrafish

K. Sadamoto, M. Kurata, Y. Yamagiwa, and H. Sakaki. Senju
Pharmaceutical Co, Ltd, Kobe, Japan.
It is now generally accepted that zebrafish (ZF) is a useful organism
for drugs discovery. The use of ZF, especially larval ZF, for early safety
assessment has been increasing recently because of its relatively good
throughput property related with their small body size and rapid
growth. In ophthalmological research, ZF is expected to be a good
useful organism, because the visual system of ZF is basically similar to

1774 The Effects of Different Anesthesia and

Viscoelastic Substances on Ocular Hypertension
Model in Rabbits

M. Mei, X. Liu, X. Qiao, and Y. Wang. Wuxi AppTec (Suzhou) Co.,
Ltd., Suzhou, China.
Ocular hypertension model in New Zealand white rabbits are commonly
used to evaluate anti-glaucoma drugs in preclinical pharmacology.
Open angle glaucoma in acute stage can be simulated by intracameral
injection of viscoelastic substance. Successful animal model should
demonstrate ocular hypertension with a lasting plateau stage. Apart
from injection skill, various factors can affect the modeling success. This
study investigated the effects of different anesthesia and viscoelastic
substances on this model in rabbits. Two viscoelastic substances (Iviz
40~80uL/eye, and Viscoat 50 uL/eye) with two anesthesia methods
(Pentobarbital 30~40mg/kg iv, and Ketamine 30mg/kg + Xylazine
10mg/kg im), were injected intracamerally in New Zealand white
rabbits. Intraocular pressure (IOP) was measured at pre-injection, 1h, 2h,
4h, 6h, 8h, and 24h post-injection. With anesthesia of Pentobarbital, Iviz
(40~50uL/eye) induced ocular hypertension peaking at 1h post-injection (more than 30mmHg), but the hypertension dropped down quickly
with no lasting plateau stage. With anesthesia of Ketamine + Xylazine,
both Iviz (60~80 uL/eye) and Viscoat (50uL/eye) induced ocular hypertension peaking at the 4~6th hour post-injection, and the hypertension
demonstrated a lasting plateau stage. In conclusion, anesthesia method
plays an important role in ocular hypertension rabbit model induction. In this study, ocular hypertension with a lasting plateau stage was
induced with anesthesia of Ketamine + Xylazine but not Pentobarbital.
The viscosity of injection substance also plays a certain role in ocular
hypertension induction. Smaller volume of Viscoat (bigger viscosity)
induced longer lasting plateau than bigger volume of Iviz (smaller viscosity).

over the subsequent 22hr, and the other was treated with 1 drop of
Restasis 2 times over the same period. The 2 control groups were unexposed corneas and unexposed, but Restasis-treated corneas. After the
22hr incubation, some corneal organ cultures were embedded in OCT,
sectioned, and H&E stained to evaluate histology. Others were used to
isolate corneal RNA for cDNA synthesis and PCR analyses. Our results
showed that naïve corneas and corneas treated with Restasis alone
(controls) retained greater than 95% epithelial-stromal integrity while
in culture. Corneas exposed to NM for 2 hr retained only ~50% of their
epithelial-stromal integrity at 22 hr post exposure. When treated with
Restasis after NM exposure, epithelial-stromal integrity was improved
to ~85 %. Restasis also reduced the level of IL-1α expressed in corneas
after NM exposure to 50% of that in NM-exposed corneas receiving no
therapy. Supported by NIAMS U54AR055073; NIEHS P30ES005022 and
T32ES007148.

1776 Development and Application of a Protocol for

Following Up on Elevated Urinary Arsenic Levels
in Biomonitoring California Study Participants

S. Iyer1, D. Kauffman2, C. Steinmaus1, and S. Hoover1. 1CalEPA,
Oakland, CA; and 2California Department of Public Health,
Richmond, CA.
The California Environmental Contaminant Biomonitoring Program,
or Biomonitoring California, is required to return individual results and
consult with study participants for whom measured chemical levels
indicate a “significant known health risk.” We developed a protocol to
identify and follow up with participants who had elevated urinary inorganic arsenic, which includes inorganic arsenic and its major metabolites, dimethylarsinic acid and monomethylarsonic acid. Inorganic
arsenic is the form most commonly linked with health effects of concern,
including neurotoxicity, cardiovascular disease, and cancer. CDC
(Centers for Disease Control and Prevention) has published a level of
concern of 50 µg/L for total urinary arsenic. To flag samples for arsenic
speciation, we used a cut-off level of 20 µg/L total urinary arsenic, which
corresponds approximately to the 95th percentile of the sum of urinary
inorganic arsenic species from the 2003-2004 National Health and
Nutrition Examination Survey and was reported in a CDC publication.
By speciating samples at or above 20 µg/L total arsenic, we identify individuals with elevated inorganic arsenic. We contact these individuals
by telephone to inform them of their speciated results and invite them
to participate in a survey we developed to identify possible sources of
exposure. We also provide their results by mail. Here we describe what
we learned about possible sources of inorganic arsenic exposure from
applying our protocol to four Biomonitoring California studies. For
participants with elevated inorganic arsenic levels who completed our
exposure survey, we identified rice and rice products, certain types of
seaweed (e.g., hijiki), some alcoholic beverages, drinking water, and
some occupational exposures as possible sources. We contacted 28 participants in the Expanded Biomonitoring Exposures Study who had elevated levels of inorganic arsenic to offer retesting. Fifteen participated
in the retesting, and we found that only five still had elevated levels. We
discuss possible factors for these observed changes in inorganic arsenic
levels. This protocol has been shared with other state biomonitoring
programs as one way to identify and follow up with participants who are
highly exposed to inorganic arsenic.

1777 Accumulation of P62 Due to Inhibition of
1775 Healing of Nitrogen Mustard-Exposed Corneal
Organ Cultures Is Improved by Restasis
Treatment

M. K. Gordon, R. A. Hahn, P. Zhou, S. Shah, J. Mango, M. Choi, P.
Gallo, E. Choi, Y.-C. Chang, and D. R. Gerecke. Ernest Mario School
of Pharmacy, Rutgers University, Piscataway, NJ.
Sulfur mustard is a terrorist agent used in WWI. It was also used in
the 1980s Iran-Iraq conflict, and in an ISIS attack on Syrians in August,
2015. The agent injures the eyes, lungs, and skin. It causes extreme
eye pain, tearing, and blepharospasm (uncontrolled blinking), compromising sight. The US government considers SM a potential terrorist
agent. Despite its use on and off over the last 100 years, there are no
US FDA approved drugs available for treating ocular mustard injury.
Recurrent corneal erosions (localized epithelial-stromal separations, i.e.,
microblisters) are one of the adverse consequences that can occur after
ocular mustard exposure. The same type of injury is seen in Dry Eye,
an ocular disease stemming from over-activity of the immune system.
Since Dry Eye is treated with the US FDA-approved drug Restasis, we
tested Restasis on corneas injured by nitrogen mustard (NM). Corneal
organ cultures were exposed to NM for 2hr, then split into two groups.
One NM-exposed group was treated with 1 drop of medium 2 times

Autophagic Flux Plays a Crucial Role in ArsenicInduced Malignant Transformation of Human
Keratinocytes

Y. Xu. China Medical University, Shenyang, China.
Arsenic is a common environmental and occupational toxicant. Chronic
exposure to arsenic has been associated with increased risk of skin
cancers. Accumulating evidence suggests that autophagy is fundamental to tumorigenesis, however, the role of autophagy in arsenic carcinogenesis remains elusive. In the present study, HaCaT human keratinocytes were exposed to 100 nM of sodium arsenite. After 30 weeks,
cells were malignantly transformed as evidenced by increased invasion
and colony formation capacity, which is consistent with previous report.
Elevated protein levels of LC3II (2.1-fold of passage matched control)
and p62 (2.0 fold) in arsenic-transformed cells were observed, indicating
the inhibition of autophagic flux in arsenic-induced cancers. Inhibition
of autophagic flux occurred much earlier than malignant transformation, within 6 h in response to 100-nM-arsenic exposure, as evidenced
by increased number of autophagysomes and increased protein levels
of LC3II and p62, and was further confirmed with choloroquine pretreatment. At the same time, the upstream autophagic pathways such as
mTORC1 and Beclin 1 were not altered. Immunofluorescence of LC3 and
lysotracker showed that arsenic hampered colocalization of autopha-
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that of humans. Yet, it is not well investigated the significance of ZF
in ocular toxicity evaluation and its screening. Sodium iodate (SI) is a
typical retinal toxicant, which induces outer retinal degeneration in
mammalian animals. In this study, we examined SI-induced histopathological changes in larval, juvenile, and adult ZF retina, together with
exposure assessment. Larval ZF were exposed to SI in aquariums from
3 days post fertilization (dpf) to 8 dpf (total 5 days), and juvenile and
adult ZF were exposed for 7 days. In addition, to examine long-term toxicity, adult ZF were exposed for 30 days. After treatment, ZF were euthanized, and retinal specimens stained with HE or PCNA were prepared.
The concentrations of iodine in the blood and the eyeballs of adult ZF
were measured to estimate the exposure levels of SI. As the result, no
histopathological change was observed in the larval, juvenile, and adult
ZF even at the maximal tolerated dose levels. PCNA-positive cells were
found not only in the ciliary marginal zone but also in the outer nuclear
layer in ZF. Although the concentrations of iodine in blood and the eyeballs increased in treated groups compared to the vehicle group, the
exposure likely did not reach to the toxic level calculated from the literatures using mammalians. In conclusion, we could not detect SI-induced
histopathological changes in the retia of different developmental stage
of ZF. This was likely due to tolerance of organism partially including
regeneration abilities of ZF retina, and/or to relatively low exposure in
aquariums. Further studies integrating with a sensitive method (e.g.
functional and visual acuity tests) would be necessary to establish retinal
toxicity assessment using ZF.

gysome and lysosome. In addition, arsenic exposure lead to decreased
levels of LAMP1 and LAMP2, the key membrane proteins for lysosome
fusion, and meanwhile increased pH value of lysosome as indicated by
lysosensor. Of note, knockdown of p62, a protein accumulated due to
inhibition of autophagic flux and always implicated in tumor development, reversed enhanced invasion capacity and suppressed Nrf2 activity
in arsenic-transformed cells. Knockdown of Nrf2 abolished acquisition
of malignant phenotypes and partially inhibited p62 overexpression in
chronic arsenic-exposed cells. Our findings suggest that exposure to
an environment relevant dose of arsenic inhibits autophagic flux by
interference with lysosome function, resulting in p62 accumulation. The
latter triggers self-amplifying autoregulatory loop for p62 overexpression and Nrf2 activation, which contributes to arsenic-induced malignant transformation.

sure to 50 and 500 nM monomethyarsonous acid (MMA+3). To explore
a potential human erythroid cell line model, we evaluated the effects
of As+3 on K562 cells. We found that the proliferation of K562 cells was
significantly suppressed by exposure to 500 nM As+3 after 48 and 72 h.
As+3 exposure also significantly altered erythroid differentiation of K562
cells induced by hemin, an iron containing porphyrin. Collectively, these
results show that low levels of As+3 suppress the development of early
erythroid cells in vivo and in vitro, likely by combined effects on proliferation and differentiation. Future studies will characterize mechanisms
responsible for arsenic-induced alterations of erythroid progenitor cell
development.

1780 Arsenic Induces Functional Changes of ZRANB2
and Expression of hsa-miR-186

1778 Inorganic Arsenic and Its Methylated

Metabolites Inhibit Calcium Influx and CalciumDependent Mechanisms Regulating GlucoseStimulated Insulin Secretion in Pancreatic Islets

M. C. Huang, C. Douillet, and M. Styblo. University of North
Carolina at Chapel Hill, Chapel Hill, NC.
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Millions of people worldwide are exposed to inorganic arsenic (iAs)
through drinking water and diet. Chronic iAs exposure has been associated with an increased incidence and prevalence of type 2 diabetes
in diverse populations. However, the exact mechanisms underlying
the diabetogenic effects of iAs are unclear. Our population studies
have found that iAs exposure correlates negatively with plasma insulin,
suggesting beta cell dysfunction. Laboratory studies have shown that
arsenite (iAsIII) and its methylated trivalent metabolites, methylarsonite
(MAsIII) and dimethylarsinite (DMAsIII), inhibit glucose-stimulated insulin
secretion (GSIS) by pancreatic beta-cells. Insulin secretion by beta-cells
is essential for maintenance of blood glucose levels and for prevention
of diabetic hyperglycemia. The goal of this study was to identify mechanisms by which trivalent arsenicals inhibit GSIS. Calcium influx is a key
step in GSIS. It is triggered by depolarization of the beta-cell membrane,
due to increased ATP production in glucose-metabolizing pathways.
Calcium activates the exocytotic machinery that facilitates the release
of insulin into the blood. In the current study, exposure to non-cytotoxic concentrations of iAsIII, MAsIII or DMAsIII for 48 hours decreased
glucose-stimulated calcium influx and inhibited GSIS in isolated murine
pancreatic islets. Calcium influx was still diminished even after depolarization of the cell membrane by potassium chloride, a potent insulin
secretagogue. Treatment of islets with Bay K8644, a calcium channel
agonist, did not restore GSIS in islets treated with arsenicals. MAsIII,
an intermediary metabolite of iAs, was more potent than either iAsIII
or DMAsIII, effectively inhibiting calcium influx and GSIS at sub-micromolar concentrations. Our results suggest that chronic iAs exposure
inhibits GSIS in beta cells, in part, by targeting calcium channels and/or
the downstream, calcium-dependent steps that are involved in insulin
vesicle exocytosis. Incomplete iAs methylation (e.g., due to genetic polymorphism or a dietary methyl donor deficiency) resulting in accumulation of MAsIII may increase the risk of diabetes in iAs-exposed individuals. (Funding: 1R01ES022697 and T32 ES007126)

1779 Environmentally Relevant Exposures to Arsenite
Suppress the Development of Early Bone
Marrow Erythroid Progenitors In Vivo and In
Vitro

S. Medina2, S. C. Wang1, H. Xu2, F. T. Lauer2, K. J. Liu2, and S. W.
Burchiel2. 1Chinese Academy of Medical Sciences and Peking
Union Medical College, Tianjin, China; and 2University of New
Mexico, Albuquerque, NM.
Arsenic is a widespread environmental toxicant with well documented carcinogenic, immunosuppressive, and hematotoxic effects.
Epidemiological studies in chronically exposed individuals report an
association between arsenic exposure and anemia in men and women
who are predisposed to anemia. The mechanisms by which arsenic
causes anemia have not been elucidated. The purpose of these studies
was to determine whether a 30 day drinking water exposure of adult
C57BL/6J mice to 0, 100, and 500 µg/L (ppb) arsenite (As+3) alters the
development of early erythroid progenitors in the bone marrow. As+3
exposure at 100 and 500 ppb for 30 days caused a significant suppression in the development of colony-forming unit erythroid cells (CFU-E).
There was also a change in erythroid cell subsets defined using flow
cytometry and CD71 and Ter119 expression. In vitro experiments with
primary mouse bone marrow cells demonstrated a significant dose-dependent suppression in burst-forming unit erythroid cell (BFU-E) colony
formation at concentrations as low as 100 nM As+3. Further in vitro
studies showed a significant reduction in BFU-E colonies with expo-

C. Stocke. University of Louisville, Louisville, KY. Sponsor: D. J. C.
States.
Background: Chronic exposure to arsenic is a worldwide issue that leads
to the development of cancers. While the exact mechanism behind
arsenic-induced malignant transformation of cells remains to be determined, proposed mechanisms of carcinogenesis include epigenetic
dysregulation, such as changes in microRNA expression, and promotion of aneuploidy. We have collected microRNA expression data from
human tissue samples of malignant squamous cell carcinomas (SCC)
and pre-malignant hyperkeratosis (HK), hsa-miR-186 was increased in
SCC tissue versus HK tissue. When immortalized human keratinocytes
(HaCaT) cells were transfected with a vector constitutively expressing
hsa-miR-186, the cells showed signs of increased chromosomal instability. Hsa-miR-186 is embedded in intron 9 of ZRANB2 which encodes
a zinc finger protein involved in RNA alternative splicing. Zinc can be
displaced by arsenite on these types of proteins and disrupt their function, suggesting a linkage between ZRANB2 function and hsa-miR-186
induction. Hypothesis: Chronic arsenic exposure disrupts ZRANB2 function leading to an increase in transcription of ZRANB2 and consequently
an increase in hsa-mir-186. Methods: Quadruplicate HaCaT cell cultures
were maintained for 32 weeks in either 0 or 100 nM NaAsO2. At 4-week
time intervals starting with week 3, total RNA was purified from cell cultures. Analysis by RT-qPCR was used to determine expression of ZRANB2
mRNA and hsa-miR-186 and changes in the ratios of two alternatively
spliced mRNAs produced from genes targeted by ZRANB2 (ACAP1,
WDR78). Results: Changes in transcription levels of ZRANB2 mRNA
exhibit a +/- 20% fold change difference between arsenic exposed and
unexposed groups over the course of the first 23 weeks of exposure.
However, levels of hsa-miR-186 did exhibit an initial slight increase at 3
weeks’ exposure in arsenic treated groups (1.6 fold increase) with a significantly increased expression starting at week 28 compared to earlier
weeks (over 2 fold increase). Ratios of alternatively spliced mRNA targets
of ZRANB2 are generally decreased in arsenic treated cultures and are
also correlated with changes in ZRANB2 mRNA levels. Conclusions:
Arsenic exposure does cause fluctuation in ZRANB2 mRNA levels. This
exposure results in disrupted function of ZRANB2 in the form of significantly different alternative splicing patterns of mRNAs targeted for processing by ZRANB2. Additionally, by 28 weeks, arsenic exposure results
in a significant increased expression of hsa-miR-186.

1781 Arsenicals May Inhibit Glucose-Stimulated

Insulin Secretion through an Impairment of
Mitochondrial Function

E. N. Dover, M. C. Huang, C. D. Douillet, and M. Styblo. University
of North Carolina, Chapel Hill, NC.
The incidence of diabetes is increasing dramatically worldwide, and
although obesity is a large influencing factor, the contribution of environmental contaminants may also be important. Inorganic arsenic
(iAs), a pervasive groundwater contaminant, has been shown to impair
glucose homeostasis and increase the incidence of diabetes in both
human populations and rodent models. Our previous studies have
shown impairment in insulin secretion from isolated murine islets following exposure to iAsIII and its methylated metabolites, methylarsonite
(MAsIII) and dimethylarsinite (DMAsIII); however, the mechanism for this
dysfunction remains unknown. The goal of the present study was to
identify the molecular mechanism for arsenic-induced β-cell impairment by examining mitochondrial function in a pancreatic β-cell line,
INS-1 832/13, and in isolated murine islets. Following exposure to iAsIII,
MAsIII, or DMAsIII, glucose-stimulated insulin secretion (GSIS) was measured along with mitochondrial oxygen consumption rates (OCR) using
a Seahorse XF Analyzer. A strong inhibition of GSIS was observed in
INS-1 cells exposed to iAsIII and MAsIII, with mild inhibition after exposure to DMAsIII. Mitochondrial function, assessed by OCR, decreased in
response to MAsIII exposure in INS-1 cells and after exposure to arsenicals
in murine islets. Decreased OCR is likely to be associated with decreased

1782 Geographic Association Study of Arsenic in

Drinking Water, Correlating Cancer Statistics,
and Sources of Contamination

P. Srinivas, J. Tian, and D. E. Johnson. UC Berkeley, Berkeley, CA.
Inorganic arsenic (As) is a contaminant in ground and surface water,
with high concentrations in drinking water in Bangladesh, China, West
Bengal (India), and areas of Japan, Mexico, Thailand, Brazil, Australia, and
US. Contamination occurs by weathering of arsenic-bearing rocks, forest
fires, volcanic activity, geochemical reactions, industrial discharge of
wastewater, lumber treatment, and the use of arsenical pesticides, herbicides, and fertilizers. As is classified by IARC as Carcinogenic to humans
(Group 1) and has been associated with skin, bladder, and lung cancer
when As exposures are at high levels. The Maximum Concentration Limit
(MCL) of As in drinking water has been established at 10 ug/L. Of interest
is the potential of natural gas extraction procedures (hydraulic fracturing) to contribute to As water contamination. A study of water quality
near natural gas extraction sites in the Barnett Shale Formation in Texas
found 1/3 of wells tested exceeded the As MCL; no direct linkage to
health issues were identified. A study of As water concentrations in US
indicated no increased lung cancer risk for As exposures below 100-150
ug/L. A 2016 report indicated that certain US populations with chronic
low-level arsenic exposure (<1 ug/L) are at risk for skin cancer. One of
the limits of As-health association studies is the difficulty of establishing
exposure levels in individuals over long periods of time; biomonitoring
is by hair and nail samples for chronic exposure and blood and urine
samples for acute exposure. As reported by several studies, the genotype of an individual may provide the signature of toxic fate. This
includes polymorphisms in AS3MT affecting the methylation of As and
the joint effect of high urinary total arsenic and VEGF-A risk halotypes
that may influence the risk of renal cell carcinomas. In this current study,
we sought to study existing and new (future) hydraulic fracturing sites
(such as in India) by establishing geographic correlations with reported
As water contamination levels, current cancer incidences in the same
areas, current contamination sources, estimated exposure levels in
normal and affected populations, and ethnic or population differences
in genetic makeup. Resources used included IARC, WHO, CDC, CTD,
Toxnet, PubMed, STITCH, and T3DB. These geographic-health-exposure
associations are expected to provide a continual updated resource for
As-related health association studies.

1783 Fetal-Sex Dependent Expression of Immune

Genes in the Circulating Lymphocytes of ArsenicExposed Pregnant Women in New Hampshire

P. A. Bommarito5, E. Martin5, L. Smeester5, E. R. Baker2,1,, M.
Karagas3, and R. C. Fry5,4,. 1Children’s Environmental Health
and Disease Prevention Center at Dartmouth, Hanover, NH;
2Dartmouth-Hitchcock Medical Center, Lebanon, NH; 3Geisel
School of Medicine at Dartmouth University, Lebanon, NH;
4Univeristy of North Carolina School of Medicine, Chapel Hill, NC;
and 5University of North Carolina at Chapel Hill, Chapel HIll, NC.
Exposure to inorganic arsenic (iAs) during pregnancy has been previously associated with a range of health outcomes both present at birth
and emerging later in life. At the molecular level, prenatal iAs exposure
is related to epigenetic and genomic alterations, particularly for genes
involved in innate and adaptive immune functioning. We conducted
a targeted analysis of immune-related gene expression in pregnant
women from the New Hampshire Birth Cohort Study to determine
whether there was differential gene expression associated with urinary
arsenic levels. A set of 31 unique genes were identified in association
with urinary total arsenic (U-tAs; n=3), urinary iAs (U-iAs; =28), urinary
monomethylated arsenic (U-MMAs; n=1) and urinary dimethylated
arsenic (U-DMAs; n=19). Notably, when analyses were stratified based
on the sex of the infant, maternal gene expression signatures differed
across the groups. Women carrying male infants showed a robust inflammatory gene expression response in association with U-tAs (n=307),

while women carrying female infants showed a moderate change in
association with U-MMAs (n=11). Further, genes differentially expressed
in association with urinary arsenic measures were significantly related to
birth outcomes, such as birth length, birth weight, and gestational age
and positively associated with the ponderal index. This study highlights
the sex-dependent nature of the maternal iAs-induced inflammatory
response and its relationship to fetal outcomes.

1784 MicroRNAs As Candidate Mechanistic Links

between Arsenic Exposure and Insulin Secretion
Defects

R. Beck, P. Sethupathy, and M. Styblo. University of North Carolina
at Chapel Hill, Chapel Hill, NC.
Type 2 diabetes (T2D) is a complex metabolic disorder characterized by
hyperglycemia that is generally caused by defects in insulin production,
secretion, and/or systemic function. While both genetics and lifestyle
choices such as diet and physical activity can significantly alter the risk
of T2D, chronic exposure to environmental toxins is less studied in the
context of T2D etiology. Exposure to inorganic arsenic (iAs), a common
drinking water and food contaminant, has been associated with
numerous adverse health outcomes, including diabetes. The precise
means by which iAs exposure leads to metabolic dysfunction is poorly
understood, but microRNAs (miRNAs) have emerged as candidate
mechanistic links. miRNAs are short non-coding RNAs that act post-transcriptionally to negatively regulate gene expression. Some miRNAs previously linked to T2D have also been shown in independent studies to
be sensitive to iAs exposure in several different cell lines and tissues.
We hypothesize that dysregulation of these miRNAs contributes to T2D
phenotypes in individuals exposed to iAs. To test this hypothesis, we
focused on iAs-associated defects in glucose-stimulated insulin secretion (GSIS). Specifically, rat insulinoma cells (INS-1 832/13) were treated
with 0, 0.5, of 1.0 µM arsenite (a trivalent iAs) for 24 hours. We found
that arsenite significantly inhibited GSIS in a dose-dependent manner.
Furthermore, we observed concomitant significant (P < 0.01) changes
in the expression of three miRNAs: miR-29b (+1.7-fold), miR-146a (+1.7fold), and miR-217 (-2.1-fold). Although miR-217 is not well-studied in
the context of islets and could thus represent a novel finding, miR-146a
and miR-29b have been implicated previously in the control of islet beta
cell survival and insulin secretion, respectively. We propose that dysregulation of these three miRNAs may be at least partially responsible for
the inhibition of GSIS in INS-1 cells exposed to arsenite. To evaluate this
further, we are performing gain- and loss-of-function studies in INS-1
cells to determine whether miR-217 over-expression and miR-29b/miR146a suppression mitigate the negative effect of iAs on GSIS. The results
of this study will help characterize the roles of miRNAs in iAs-induced
islet dysfunction.

1785 Prenatal Arsenic Exposure and Sexual

Epigenetic Dimorphism: Sexual Dimorphism of
5-Methylcytosine Alterations in Newborn Cord
Blood from the Bear Cohort

J. Clark2, E. Martin2, L. Smeester2, M. Rubio-Andrade1, M. Stýblo2,
G. García-Vargas1, and R. C. Fry2. 1Universidad Juarez del Estado
de Durango, Gómez Palacio, Mexico; and 2University of North
Carolina at Chapel Hill, Chapel Hill, NC.
Prenatal exposure to inorganic arsenic (iAs) has been demonstrated
to cause detrimental health outcomes and increase the risk of disease
development later in life. It has been previously shown that many of the
health effects observed at birth and later in life associated with prenatal
iAs exposure occur in a sex-specific manner. Additionally it has been
shown that iAs exposure results in differential DNA methylation patterns
in male and female newborn cord blood. However, no study has analyzed whether baseline sexual dimorphism might underlie differential
methylation patterns associated with iAs exposure. Here we examined
a subset of newborn cord blood leukocyte samples (n=46) collected
from subjects enrolled in the Biomarkers of Exposure to iAs (BEAR)
pregnancy cohort from Gómez Palacio, Mexico. iAs in drinking water
ranged from 0.456 to 236 µg/L. Changes in 5-methylcytosine methylation were assessed across 424,935 CpG sites representing 18,761 genes
with respect to infant sex. Additionally, CpG methylation was assessed
in relationship to iAs exposure stratifying by sex. In the context of infant
sex, a total of 16,534 probes were identified as differentially methylated
(DM) (p<0.05, q<0.1). In relation to iAs exposure, a total of 65 DM probes
(n=54 genes) were identified in females while only two probes (n=1
gene) were significant in males. Interestingly one gene that displayed
iAs-associated in females DM, was also sexually dimorphic, namely
UPF3 Regulator Of Nonsense Transcripts Homolog B (UPF3B). UPF3B has
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production of ATP in the pathway of oxidative phosphorylation and
decreased energy output from the mitochondria. In these analyses, the
methylated intermediary product of iAs metabolism, MAsIII, appears to
be more potent than iAsIII by causing greater decreases in glucose stimulated insulin secretion and OCR. The observed decrease in mitochondrial respiration may be, at least in part, responsible for the inhibition
of insulin secretion by iAs and its methylated metabolites, since the oxidative phosphorylation pathway generates ATP necessary for closure
of the voltage-gated potassium channels and for depolarization of the
β-cell membrane, thus stimulating exocytosis of insulin-containing vesicles. Overall, this study identified a potential molecular mechanism for
iAs-induced diabetes, and provides evidence that metabolites of iAsIII
may significantly contribute to the diabetogenic effects of iAs exposure.

been previously linked to intellectual disabilities and autism due to its
role in neuronal differentiation, and has also been associated with iAs
exposure. In conclusion, we demonstrate that underlying sexual dimorphisms exist, and methylation in association with prenatal iAs exposure
occurs in a sexually dimorphic manner.

1786 Maternal Genotype for Arsenic (+3 Oxidation

State) Methyltransferase Is Associated with Cord
Serum Levels of Methylated Arsenicals

G. Gallo3, E. Martin3, Z. Drobná1, C. Douillet3, K. S. Kim3, M. RubioAndrade2, G. García-Vargas2, M. Stýblo3, F. Zou3, and R. C. Fry3.
1North Carolina State University, Raleigh, NC; 2Universidad Juarez
del Estado de Durango, Gómez Palacio, Mexico; and 3University of
North Carolina at Chapel Hill, Chapel Hill, NC.
Prenatal exposure to arsenic is a public health concern as it is known to
be associated with a number of adverse perinatal and later life health
outcomes. Furthermore it has been shown that methylation capacity
is linked to differences in susceptibility to prenatal arsenic exposure.
However, very little is known about whether arsenic and its metabolites cross the placenta or are metabolized by the fetus. Furthermore
as we have shown genotype of arsenic (+3 oxidation state) methyltransferase (AS3MT) is a determinant of urinary methylated arsenical in
pregnant women, we set out to investigate the relationship between
fetal genotype for AS3MT and fetal iAs cord blood metabolites. We
assessed 197 mother-infant pairs from the Biomarkers of Arsenic
Exposure (BEAR) Cohort in Gomez Palacio, Mexico for associations
between 7 AS3MT single nucleotide polymorphisms and levels/percent
of methylated arsenicals in cord serum. The arsenicals assessed were
inorganic arsenic (iAs), monomethylated arsenic (MMAs) and dimethylated arsenic (DMAs). Overall, we found that maternal AS3MT genotype,
rs3740400 and rs3740393, were associated with %MMAs in cord serum.
Interestingly, no significant associations between fetal genotype and
arsenicals in cord serum were observed. Additionally, we found that
arsenicals in fetal cord serum and maternal urine were strongly correlated. Taken together these data suggest that maternal genotype, but
not fetal genotype, for AS3MT is predictive arsenical levels in fetal cord
serum.
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1787 Proteomic Analysis of Maternal Circulating

Blood Reveals That Mothers Pregnant with
Males Have More Arsenic-Associated Protein
Alterations Than Mothers Pregnant with
Females

E. Martin2, L. Smeester2, M. Rubio-Andrade1, G. García-Vargas1,
M. Stýblo2, R. C. Fry2, and R. C. Fry2. 1Universidad Juarez del Estado
de Durango, Gómez Palacio, Mexico; and 2University of North
Carolina at Chapel Hill, Chapel Hill, NC.
Prenatal exposure to arsenic is a public health concern as it is known to
be associated with a number of adverse perinatal and later life health
outcomes. Additionally, it has been noted across multiple cohorts that
males tend to be more susceptible than females to arsenic exposure in
utero yet, little is known about what might drive sex-based differences.
Interestingly, few studies have been conducted that investigate the
effect between mothers pregnant with males as compared to mothers
pregnant with females to determine if fetal sex modifies maternal
response to exposure. As maternal hormones and proteins can cross the
placenta, a modified maternal stress or inflammatory response could
contribute to sex-based outcome differences observed in response
to arsenic exposure. Therefore we set out to investigate differences in
arsenic-associated proteins in mother pregnant with male and female
infants. We assessed the protein profiles of circulating blood for 49
mothers pregnant and exposed to arsenic enrolled in the Biomarkers
of Arsenic Exposure (BEAR) cohort, in Gomez Palcio Mexico. Overall, we
found that mothers pregnant with males we found 115 proteins that
were altered in association with arsenic, specifically urinary total arsenic,
while in females we found none. Interestingly the majority of proteins
we identified play a role in cytokine interaction and regulation, as well as
other inflammation based processes. Taken together these data suggest
that mothers pregnant with male infants may be associated with a
stronger inflammatory response in response to arsenic exposure.

1788 Cell Cycle Pathway Dysregulation in Human

Keratinocytes during Chronic Exposure to Low
Arsenite

L. Al-Eryani, S. Waigel, S. Jenkins, V. Arumugam, and J. C. States.
University of Louisville, Louisville, KY.
Background: Arsenic is a metalloid naturally prevalent in the earth’s
crust and widely distributed in air and water. Chronic arsenic exposure
is associated with a several cancers, especially skin cancer. Epigenetic
alteration is one mechanism proposed for arsenic-induced carcinogenesis. Immortalized human keratinocytes (HaCaT) are an in vitro model
for normal human keratinocytes and are commonly used to study epidermal carcinogenesis. Chronic exposure to low levels of arsenite malignantly transforms HaCaT cells in vitro. Combined expression profiling
of mRNAs and small RNAs has not yet been performed in human keratinocytes during chronic arsenite exposure or in arsenite-transformed
keratinocytes. Hypothesis: Arsenic causes exposure- and time-dependent mRNA and miRNA expression changes that drive carcinogenesis.
Methods: HaCaT cells were exposed to 0/100 nM NaAsO2 for 32 wks.
Total RNA was purified from exposed/unexposed cells after 3 and 7
wks as well as HaCaT transformed at NIEHS (0/100 nM NaAsO2 for 28
wks). Small RNA and mRNA expression was assayed using Affymetrix
microarrays. Differential expression with fold change ≥|1.5| and p-value
≤0.05 was determined using Partek Genomic Suite and pathway analysis
using MetaCore software (FDR ≤0.05). Results: Growth rates of NaAsO2exposed cells were slower at earlier times and faster at later times (19
wks and up). Forty-seven small RNAs were differentially expressed at
3 wks; 116, at 7 wks. Two miRNAs, miR-548a-3p and miR-1254, differentially expressed at both time points are reported to be dysregulated
in breast and early stages of non-small cell lung cancers respectively.
Fourteen mRNAs were differentially expressed at 3 wks; 723, at 7 wks.
Cell cycle/cell cycle regulation pathways associated with G1 and G1/S
and epithelial to mesenchymal transition regulation pathways were
induced. Conclusions: Arsenite exposed cells grow faster at later times
which is consistent with transformation. Arsenite exposure induced
gene expression changes at early times suggest G1 phase delay, which
is consistent with the slow growth of arsenite exposed cells at early
times, and suggests that transformation related changes likely occur
after 7 weeks exposure. (Supported in part by NIH grants R21ES023627,
P20GM103436 & P30GM106396)

1789 Arsenic Exposure Induces Oxidative Stress and
DNA Damage and Perturbs the Carbohydrate
Metabolism in Gut Microbiome

L. Chi2, X. Bian1, B. Gao1, P. Tu2, and K. Lu2. 1University of Georgia,
Athens, GA; and 2University of North Carolina at Chapel Hill,
Chapel Hill, NC.
Gut microbiota plays an important role in energy production, immune
system development, xenobiotics biotransformation and so forth.
Environmental factors, like antibiotics, can cause gut microbiome dysbiosis and alter its metabolism pattern, which is frequently associated
with a number of human diseases. Likewise, arsenic, as a widely distributed environmental contaminant, has also been demonstrated to alter
the gut microbiome in our previous study. Here, we further investigate
how arsenic can affect the functional genes of gut bacteria. We applied
16S rRNA gene sequencing and metagenomics sequencing to explore
arsenic-induced disturbance of gut microbiome compositions and
functional genes. The compositions of gut microbiome have been significantly altered in both 100ppb and 100ppm arsenic-treated C57BL/6
mice. Metagenomics results reveal that multiple genes involved in
oxidative stress response and DNA damage repair increased after high
arsenic exposure. In addition, carbohydrates metabolism related genes
have been widely altered by arsenic treatment. Some critical genes
in short-chain fatty acids metabolism pathways and starch-utilization
system decreased in high arsenic-exposed mice. In conclusion, our
results indicate that arsenic exposure increases the oxidative stress and
causes DNA damage in gut bacteria, which not only perturbs the normal
composition but also influences some key metabolism functions of gut
bacteria.

1790 Modulatory Role of Chromolaena odorata L.

(Asteraceae) Leaf Extract on Sodium ArseniteInduced Haemotoxicity and Genotoxicity in Rats

1792 Poly-Adenylation of Histone H3.2 Promotes Cell

Proliferation and Migration in Human Osteoblast
Cells

O. E. Ola-Davies, T. O. Ajibade, and O. S. Olawuwo. University of
Ibadan, Ibadan, Nigeria.

Y. Zhu, H. Sun, and M. Costa. New York University School of
Medicine, New York, NY.

Chromolaena odorata widely used in the Western and Central African
ethnopharmacy contains high levels of antioxidant phytochemicals.
This study investigated the probable protective role of ethanol leaf
extract of Chromolaena odorata on some important toxicological effects
associated with arsenic poisoning in vivo. Twenty-five male Wistar rats
were randomly divided into five groups (distilled water, 2.5 mgkg-1
b.w. sodium arsenite, 200 mgkg-1 Chromolaena odorata leaf extract,
2.5 mgkg-1 sodium arsenite plus 100 mgkg-1 C. odorata extract, and 2.5
mgkg-1 sodium arsenite plus 200 mgkg-1 C.odorata extract). Qualitative
photochemical analysis of the extract confirmed the presence of carbohydrates, alkaloids, cardiac glycosides, tannins, flavonoids, saponins,
steroids and phenols. Haematological evaluations revealed positive
dose-dependent modulatory effects of the extract on the haemotoxic
effects of sodium arsenite in rats. The leaf extract of C. odorata significantly (p<0.05) reduced the frequency of micronucleated polychromatic erythrocyte induction in bone marrow of sodium arsenite-treated
rats. Abnormalities of the liver commonly associated with the acute
exposures to sodium arsenite such as increased activities of the liver
enzymes, alanine aminotransferase, aspartate aminotransferase, and
alkaline phosphatase, which are biomarkers for hepatocellular and
biliary functioning were also significantly reduced (p<0.05) following
treatment with C. odorata. Histological examinations showed that
the extract at tested dosages protected against NaAsO2 induced liver
damage. Our findings suggest that the leaf extract of C. odorata possesses a remarkable ameliorative effect against sodium arsenite induced
toxicity. Inclusion of the leaf of C. odorata as feed supplement may be
beneficial for humans and animals at risk of arsenic exposure, particularly in the developing countries.

Arsenic exposure was associated with a variety of adverse health effects
in humans and it is known to cause oxidative DNA damage and alter
cell cycle progression. In our previous study, arsenic exposure induced
accumulation of poly-adenylated mRNA of canonical histone H3.1 by
down-regulation of stem-loop binding protein (SLBP). Like H3.1, H3.2 is
also a canonical histone, which is replication dependent and is mainly
synthesized during S phase. H3.1 and H3.2 differs by only one amino
acid, Ser96 on H3.2 compared with Cys96 on H3.1, and both of them
have a Cys110. Cysteine (C) has a reactive thiol side chain. When oxidized, it easily forms a dimer containing disulfide bridge, a covalent
bond between two cysteines. This feature is very important for the structure of proteins. Thus here we hypothesize that some features of H3.2
may differ from H3.1 by lacking the C96. To test this hypothesis, we generated three H3.1 mutants, in which one or two cysteine residues were
replaced by alanine (A) or serine (S). The wild type H3.1, H3.2 and H3.1
mutants were expressed in the human osteoblast cell line, HOS TE-85.
Interestingly, HOS cells ectopically expressing poly-adenylated H3.2 and
H3.1 C96 mutated to S exhibited higher growth rate in the cell proliferation assay. Further scratch assay revealed that poly-adenylated H3.2
and H3.1 mutations promoted cell migration. These findings suggest an
essential role of C96 in histone H3.1. Future studies will focus on investigating the differences of H3.1 and H3.2 in cell function and responses
to arsenic exposure.

1793 Nrf2 Regulates Arsenic-Induced Changes to the
Mitochondrial Network

M. Dodson, and D. Zhang. University of Arizona, Tucson, AZ.
Signaling and Impairs Glycogen Synthesis in
Murine Hepatocytes

C. Zhang, E. M. J. Fennell, and M. Styblo. University of North
Carolina at Chapel Hill, Chapel Hill, NC.
The association between inorganic arsenic (iAs) exposure, a common
drinking water and food contaminant, and risk of type 2 diabetes has
been demonstrated extensively in numerous epidemiological studies.
However, the molecular mechanisms underlying the diabetogenic
effects of iAs, particularly its effects on the liver, are not well understood.
Previous studies have found that exposure to arsenite (iAsIII) or one of
its methylated metabolites, methylarsonite (MAsIII), impaired insulin
signaling in adipocytes, contributing to insulin resistance–a key step
in diabetes pathogenesis. The liver is also sensitive to insulin and is
an important regulator of blood glucose through glycogen synthesis/
decomposition and gluconeogenesis. Thus, we hypothesize that arsenic
exposure interferes with insulin signaling in the liver, causing hepatic
insulin resistance and impairment of hepatic glucose homeostasis. To
test this hypothesis, we treated primary murine hepatocytes for 4 hours
with submicromolar, non-cytotoxic doses of iAsIII or MAsIII. We found
that iAsIII and MAsIII inhibited insulin-stimulated phosphorylation of
PKB/Akt, a central molecule involved in insulin signaling transduction.
Additionally, both iAsIII and MAsIII reduced insulin-stimulated glycogen
content. Exposure to these arsenicals increased phosphorylation of
glycogen synthase (GS), meaning an inhibition of glycogen synthesis.
MAsIII were more effective than iAsIII at affecting many of the measured
endpoints, implying an individual’s ability to methylate iAs may play a
role in determining their susceptibility to iAs-associated diabetes. To
further determine how arsenical exposure decreased glycogen content,
future studies include measuring enzyme activity of GS and glycogen
phosphorylase (GP), the enzyme that catalyzes glycogen decomposition. In summary, these results indicate that arsenic exposure may exert
its diabetogenic effects by contributing to hepatic insulin resistance and
glycogen synthesis.

Chronic exposure to inorganic arsenic, via drinking water or contaminated food, is a global health concern linked to an increased risk of
developing cardiovascular disease, kidney disease, type II diabetes, and
cancer. Among the pathologies associated with prolonged exposure
to arsenic is metabolic syndrome, which is defined by a group of risk
factors including dyslipidemia, insulin resistance, and inflammation.
Two major contributors to metabolic syndrome are mitochondrial dysfunction and increased oxidative stress. One of the main antioxidant
defense pathways is the NRF2 pathway; however, emerging evidence
also supports a possible role for NRF2 in mediating mitochondrial structure and function as well. While the role of NRF2 in metabolic syndrome
is controversial, it has been shown that KEAP1-knockdown (KEAP1-KD)
mice, which have constitutively active NRF2, exhibit increased markers
of metabolic syndrome when fed a high fat diet, inferring prolonged
activation of NRF2 could play a key role in the progression of this syndrome. Previously, our group has shown that arsenic inhibits autophagy,
also resulting in the prolonged activation of NRF2. Here, we show that
arsenic-induced activation of NRF2, or constitutive activation of NRF2
in KEAP1 knockout cells, results in fragmentation of the mitochondrial
network. Interestingly, NRF2 knockout cells exhibit fused mitochondria
that are resistant to arsenic-induced fragmentation, indicating NRF2
may regulate changes to the mitochondrial network. Arsenic treatment
also prevents the mitophagic removal of fragmented mitochondria.
Furthermore, pretreatment with rapamycin, an autophagy activator,
prevented arsenic-mediated autophagy inhibition, and restored NRF2
to basal levels. These findings indicate that NRF2 levels directly affect
the mitochondrial network, which could play a key role in mediating
mitochondrial function and cellular metabolism during chronic arsenic
exposure. Furthermore, pharmacological activation of the autophagy
pathway to restore NRF2 homeostasis, or pharmacological inhibition
of mitochondrial fission could be viable therapeutic strategies to treat
metabolic syndrome.

1794 Aerobic Microbes Community and

Necrophagous Insects Associated with
Decomposition of Pig Carrions Poisoned by Lead

I. A. Aneyo. Yaba College of Technology, Mainland, Lagos State,
Nigeria.
The use of biological indicators such as insects and microorganisms in
forensic science is relatively new inspite of its enormous benefits.. This
current study investigated the rate of decomposition of lead poisoned
pig carrion and also assessed method of arrival of aerobic microbes
and necrophagous insects community associated with above ground
decomposing pig (Sus scrofa) carrions, to explore the possibility of their
use in post mortem interval (PMI) determination. Microbial and insect
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1791 Arsenic Exposure Interferes with Insulin

identification were carried out via conventional methods while fungi
were identified by sub-culturing on prepared solidified PDA at room
temperature. The rate of decomposition of the 0.18ppm and 0.2ppm
lead poisoned carrions fall of hair due to early arrival of insects; hence this
carcass was largely skeletonized at day 35.Aerobic bacterial communities suspected to be associated with the decomposition process include
Bacillus spp Staphylococcus aureus, and Salmonella paratyphi while fungi
identified include Aspergillus spp, Fusarium spp, Cephalosporium spp,
Scopolariopsis sp, Mucor sp, Circinella spp, Cylindrocladium spp, Phythium
spp, Penicillium spp, Trichoderma spp, Phythophthora spp, Geothricum spp
and Saccharomyces spp. The major necrophagous insects collected cuts
across three orders with species such as Musca domestica, Chrysomya
chloropyga, Sarcophaga exuberans, Dermestes maculatus, Necrobia
rufipes, Camponotus sericeus and Camponotus perrissi being the most
predominant necrophagous insect. Insect activity was similar in both
treated and untreated pigs while variation was observed in the duration
of decomposition between the lead treated and untreated pigs. The
detection of Lead (Pb) in larvae collected from the decomposing pig
carrions indicates the potentials of the use of insects in field of forensic
entomotoxicology. The presence of these microbes at various stages of
decomposition can be a useful tool in forensic investigation associated
with lead poisoning.

1795 Dynamic Changes in Soil and Blood Lead on

Public and Private Properties in New Orleans
Pre- vs. Ten Years Post-Hurricane Katrina

H. Mielke, C. Gonzales, and E. Powell. Tulane University School of
Medicine, New Orleans, LA.
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Background: This study is unique because it tracks community conditions ten years after the 29 August 2005 Hurricane Katrina compared
with conditions before the storm. At the city scale of New Orleans, a
disparity exists in soil Pb (SPb) and children’s blood Pb (BPb), highest in
the core and lowest in outer areas and best explained by historic lead
residues of gasoline additives. Objectives: To compare pre- and ten years
post-Hurricane Katrina soil Pb and children’s blood Pb at public and
private residential properties in the core and outer areas of New Orleans.
Methods: Data on private and public properties are stratified from a large
SPb and BPb database of New Orleans. The data subset includes 916
and 922 SPb and 13,379 and 4,830 BPb results respectively, from preand post-Katrina on public and private residential properties within core
and outer areas of New Orleans. The Louisiana Healthy Housing and
Childhood Lead Poisoning Prevention Program data from pre-Katrina
(2000-2005) and post-Katrina (2010-2015) was the source for the children’s BPb (µg/dL) results. SPb and BPb data were stratified by public
and adjoining private residential properties within core and outer areas
of New Orleans. Statistical analysis was by Multi-Response Permutation
Procedures. Results: Pre- and post-Katrina, SPb medians on core private
properties decreased from 710 to 291 mg/kg while SPb medians on
public properties decreased from 285 to 55 mg/kg. In outer areas preand post-Katrina, SPb medians on private lands decreased from 109 to
56 mg/kg while SPb medians on public lands decreased from 88 to 55
mg/kg. In core areas the pre- Katrina prevalence of children’s BPb ≥ 5
µg/dL was 67.5% and 63.2% respectively on private and public properties, and declined to 20.2% and 7.6%, respectively in post-Katrina.
Conclusions: Hurricane Katrina contributed to SPb and BPb reductions
on all private and public lands in core and outer areas of New Orleans.
Cleanout of residential housing, re-building public properties plus landscaping with low Pb soil improves the quality of the environment and
decreases children’s exposure response.

contained P at a nutritionally sufficient level (0.3% w/w) or at a higher
level (1.2%). Mice had free access to diets and water for 8 days before
collection of tissues for measurement of Pb concentrations. Relative bioavailability of Pb in the high P diet was estimated as ratios of the slopes
of regression lines for relations between cumulative Pb intake and concentration of Pb in tissues of mice that received Pb in high P or sufficient
P diets. There was a strong correlation (r >0.91) between the level of Pb
in tissues and levels of Pb in blood, the proximate source of Pb available
for tissue uptake. Tissue Pb levels were also strongly correlated (r > 0.95)
with cumulative intake of Pb. Point estimates of relative bioavailability
of Pb in the high P diet for different tissues were kidney (0.67), liver
(0.36), blood (0.47), and bone (0.27). These results suggest that increased
dietary P reduced the bioavailability of ingested Pb and is consistent
with earlier work on the antagonistic effect of P on Pb bioavailability in
a variety of species, including humans. The mouse model may be useful
for the systematic study of the effect of addition of P-containing amendments of bioavailability of Pb from contaminated soils and in studies of
the mechanistic bases for interactions between P and Pb in the gastrointestinal tract. (This abstract does not reflect US EPA policy).

1797 Involvement of Calsyntenin-2 and Calsyntenin-3
in Hippocampus and Cerebral Cortex in Lead
(Pb)-Induced Neurotoxicity in Mouse Pups after
Maternal Exposure

N. Li1,2,, and W. Zheng2. 1Henan Agriculture University, Zhengzhou,
China; and 2Purdue University, West Lafayette, IN.
Calsyntenin-2 (Clstn2) and calsyntenin-3 (Clstn3) are the members of the
cadherin superfamily and function to regulate the postsynaptic activity.
Both proteins are known to play an important role in memory and
learning. Children exposed to lead (Pb) has been associated with cognitive deficit and neurobehavioral alterations. This study was designed
to test the hypothesis that mothers exposed to Pb in drinking water
resulted in the altered expression of Clstn2 and Clastn3 in offspring,
which may contribute to Pb-induced learning deficiency. Pregnant rats
were exposed to Pb as Pb acetate in drinking water at the concentration of 0% (control), 0.1%, 0.2% or 0.5% Pb acetate from gestation to
weaning. At the postnatal day 21, blood and brain tissues from pups
were collected for subsequent analyses. The Pb concentrations in
blood and brain tissues of were determined by GFAAS. Data showed
that maternal exposure to 0.1%, 0.2% and 0.5% Pb in drinking water
significantly increased the Pb concentration by 6.6-, 14.1- and 19.9-fold
in blood, by 1.7-, 4.2-, and 7.2-fold in hippocampus, and by 2.1-, 5.0-,
8.2-fold in cerebral cortex, respectively, in offspring animals as compared to controls (p<0.05). Both immunocytochemical and Western
blot analyses revealed a striking difference in the expression of Clstn2
vs. Clstn3 following maternal Pb exposure. The expression of Clstn2
in 0.1%, 0.2% and 0.5% maternal Pb exposure groups showed a Pb
dose-related decrease by 39.2%, 76.5% and 96.1% in hippocampus and
by12.5%, 59.4%, and 78.1% in cerebral cortex, respectively, in the offspring (p<0.05). In contrast, the Clstn3 expression in these brain regions
was significantly increased (p<0.05) following maternal Pb exposure.
The nature of the Pb differential effect on Clstn2 and Clstn3 remains
unknown, nor is the function of both calsyntenins in synaptic plasticity.
However, these observations suggest that Clstn2 and Clstn3 may have
different roles in synaptic development and differentiation. Pb-induced
learning defects may partly relate to the altered expression of calsyntenin proteins.

1798 Inverse Correlation of Blood Lead Levels with
1796 Evaluation of Lead and Phosphate Interactions

in a Mouse Model for Oral Bioavailability of Lead

Elek1,

B.
P. Alava2, J. Misenheimer2, C. Nelson2, K. Bradham2, and D.
J. Thomas2. 1SSC, US EPA, Research Triangle Park, NC; and 2US EPA,
Research Triangle Park, NC.
Exposure to lead (Pb) in early life has deleterious effects on neurodevelopment. Pb in soil and dust are important sources of exposure for
children. The extent of exposure to Pb through ingestion of soil or dust
depends on its bioavailability in these media. Bioavailability, the fraction
of metal present in ingested material that crosses the gastrointestinal
barrier, determines the amount that is available for systemic distribution and metabolism and toxic action. A model that uses young adult
female C57BL/6 mice has been developed to assess the bioavailability of
Pb in ingested soil. This mouse model which provides estimates of bioavailability of Pb comparable to those obtained in the well-established
juvenile swine model was used to examine effects of dietary phosphate
(P) on Pb bioavailability. Here, mice received powdered AIN-93G purified rodent diet amended with Pb (as Pb acetate) at levels ranging from
about 3 to 30 parts per million. AIN-93G diets used in these studies

Zinc and Growth Indices: Significance for
Toxicodynamics in Stunted Nigerian Children

J. I. Anetor2, E. O. Adebolu1, I. O. Omotosho2, and I. A. Ayede2.
1University College Hospital, Ibadan, Nigeria; and 2University of
Ibadan, Ibadan, Nigeria.
The contribution of lead to stunting in environments with a combination of malnutrition and metal pollution is unexplored. One hundred
and ninety-eight children, aged 5-15 yrs comprising of 100 stunted and
98 non-stunted children were investigated. Participants were further
classified into three age- groups; group 1 (5-8 yrs), group 11 (9-12 yrs) &
group 111 (13- 15 yrs). Lead levels, Zn, Cu, total and bone specific alkaline phosphatase (T-ALP; BSAP) and bone metabolism were evaluated in
all participants, using AAS and standard biochemical methods as appropriate. Similar BLLs were exhibited in both stunted and non-stunted, as
well as groups I-III. Levels of Zn, Ca (signaling molecule), Cu, were significantly lower in stunted than non-stunted (p<0.000). Strikingly, BLLs
were inversely correlated with growth indices, Zn, Cu, proteins (r - 0.27,
p = 0.006; r - 0.27, p = 0.007; r - 0.38, p = 0.039; r - 0.34, p = 0.000; r - 0.33,
p = 0.001; r- 0.21, p = 0. 38 respectively). Osteoblastic activity (index
of bone formation), reflected by BSAP was significantly higher in non-

1799 Muti-Omics Reveals Lead Exposure Disturbs Gut

Microbiome Development, Key Metabolites, and
Metabolic Pathways

B. Gao. University of North Carolina, Chapel Hill, NC. Sponsor: K. Lu.
Lead remains as a global health concern even though public efforts
have been made to reduce environmental lead exposure. Flint water
crisis has brought the awareness of lead toxicity to the public again.
This study aims at investigating the functional impacts of lead exposure on gut microbiome in C57BL/6 female mice by multi-omics
approaches including 16S rRNA sequencing, whole genome metagenomics sequencing and gas chromatography-mass spectrometry
(GC-MS) metabolomics profiling. 16S rRNA sequencing revealed that
lead exposure altered the gut microbiome trajectory and phylogenetic diversity. Metagenomics sequencing and metabolomics profiling
showed that vitamin E and bile acids abundance, nitrogen metabolism,
energy metabolism, oxidative stress and defense/detoxification mechanism were disturbed by lead exposure. These perturbed molecules and
pathways may have important implication in lead toxicity in the host
and lead-induced diseases.

1800 Lead-Induced Inhibition of Hepatic and Brain
Microsomal Paraoxonase and Arylesterase
Activities in Male Albino Rats

E. O. Abam1, O. O. Ogunrinola4, A. D. Wusu4, O. K. Afolabi3, O.
A. Dosumu2, O. B. Onunkwor2, E. A. Balogun5, O. O. Odukoya2,
and O. Ademuyiwa2. 1Bells University of Technology, Ota, Nigeria;
2Federal University of Agriculture, Abeokuta, Nigeria; 3Ladoke
Akintola University of Technology, Ogbomosho, Nigeria; 4Lagos
State University, Ojoo, Nigeria; and 5University of Ilorin, Ilorin,
Nigeria.
In the past, research on the antioxidant enzyme paraoxonase (PON) has
focused majorly on plasma and HDL levels of the enzyme. However, the
bulk of PON activity, measured by the hydrolysis of paraoxon (PONase)
and phenylacetate (AREase) is confined to liver intracellular microsomes
and a fraction is further released to circulating HDL. In investigating the
effect of lead on PONase and AREase activities, male albino rats were
exposed to 200ppm, 300ppm and 400ppm lead as lead acetate in their
drinking water for 4, 8 and 12 weeks. Lead was also assayed in whole
blood, liver and brain tissues. PONase and AREase activities in hepatic
and brain microsomal fractions were assayed. Liver microsomal PONase
activity decreased significantly (p<0.05) after 4 weeks of lead exposure
(40%, 55% ands 30% in 200ppm, 300ppm and 400ppm respectively).
After 8 weeks, this decrease was sustained in 200 and 300 ppm doses
(15% and 41% respectively). This trend was also sustained after 12 weeks
of lead exposure. Liver microsomal AREase activity also decreased after
4 weeks of lead exposure (45% in 200 and 400 ppm doses and 67% in
300ppm dose). After 8 weeks, decreases amounted to 64%, 81% and
49% in 200, 300 and 400 ppm doses respectively. At 12 weeks, the trend
was sustained only in the 400ppm group with significant decrease
(p<0.05) of 47% while there was no significant difference (p>0.05) in
200 and 300 ppm doses. Brain microsomal PONase and AREase also
decreased to various degrees after 4, 8 and 12 weeks of lead exposure.
Blood lead correlated inversely with the microsomal enzymes studied.
The result of this study might indicate a down-regulation in the gene
producing these enzymes or a leakage of the enzymes into the blood as
a result of lead-induced membrane damage.

1801 Differential Effects of Cromolyn Sodium

Treatment on Hepatic and Renal Cysts in
Polycystic Kidney (PCK) Rats

L. Jiang, P. Fang, U. Apte, and M. Pritchard. University of Kansas
Medical Center, Kansas City, KS.
Autosomal recessive polycystic kidney disease (ARPKD) is a monogenic
disease characterized by development of constantly proliferating renal
and hepatic cysts, pericystic fibrosis, and inflammation. The treatment
options for ARPKD are very limited. Previous studies show that mast cell
(MC) mediators such as histamine, induce proliferation of cholangiocytes, which are the precursors of the cyst wall epithelial cells (CWEC)
in ARPKD. We observed MCs infiltration in the hepatic periportal areas,
but not in the kidneys, in polycystic kidney (PCK) rats (an animal model
of ARPKD). We hypothesized that MCs contribute to hepatic cyst growth
in PCK rats. To test this hypothesis, we treated PCK rats with cromolyn
sodium (CS, 50mg/kg), a mast cell stabilizer that decreases release of
MC mediators, or saline from postnatal day (PND) 15 to PND30. CS
treatment decreased MC degranulation in liver, assessed by toluidine
blue staining, by 40% along with 50% reduction in serum tryptase, a
MC granule component. Interestingly, we observed an increase in liver/
body weight ratio after CS treatment paralleled by a significant increase
in individual cyst size. Ki67 immunostaining revealed that CS treatment
increased CWEC proliferation by 80%. In vitro, treatment with CS did not
affect proliferation of isolated hepatic CWECs from PCK rats, suggesting
CS treatment does not have a direct effect on hepatic cyst growth in PCK
rats. In contrast, we saw a decreased kidney/body weight ratio paralleled by a significant decrease in individual cyst size. Furthermore, Ki67
immunostaining revealed that CS decreased non-CWEC proliferation by
30% in the kidney. This indicates that MCs may promote renal cyst formation from non-CWECs. Taken together, these data demonstrate that
hepatic and renal cysts are differentially regulated by MC granule contents in PCK rats. This is in contrast to the role MCs play in cholangiocyte
proliferation during cholestasis and likely reflects inherent differences
in biliary epithelial cell structure and function in health and disease. CS
and other MC-targeted drugs may have beneficial therapeutic effect on
renal cystic disease, but they may also exacerbate hepatic cystic growth
in ARPKD.

1802 Kidney In Vitro Models for the Improved

Prediction of Chemical-Induced Nephrotoxicity

Bauch1,

Ravenscroft1,

Fowler2,

Scott2,

Russel2,

C.
S.
P.
S.
P. J.
and
P. Walker1. 1Cyprotex, Cheshire, United Kingdom; and 2Unilever
Safety and Environmental Assurance Centre, Sharnbrook, United
Kingdom. Sponsor: C. Strock.
The kidney is the most important organ involved in the elimination of
chemicals and their metabolites as such they are a common site for toxicity. Chemical induced nephrotoxicity is one of the leading causes of
acute kidney injury (AKI) worldwide. Here we show the characterisation
and evaluation of three kidney in vitro models. Renal proximal tubular
epithelial cells (RPTEC) grown in 2D, RPTEC spheroids grown in ultralow
adhesion plates (ULA) and kidney multi-cellular microtissues (MTs) consisting of RPTEC, renal fibroblasts (RF) and endothelial cells (EC). The
spheroids and MTs display uniform size, shape, longevity and more
accurately reflect the complex in vivo microenvironment compared with
traditional 2D cell cultures. Known nephrotoxicants were exposed to
these tissues for either 72h or over repeat dose exposures of 9 and 14
days. Following exposure confocal high content screening (HCS) analysis of mitochondrial dysfunction, glutathione content, and reactive
oxygen species was determined combined with a measure of cellular
ATP. The lowest minimum effective concentration (MEC) was selected
for each compound. The aminoglycoside gentamicin responds (239-385
µM) in all three models but only following a 9-day exposure with comparable sensitivity. Diclofenac the most commonly implicated NSAID
reported to cause nephrotoxicity exhibited glutathione depletion at
3-fold (9 days) and 6-fold (14 days) greater sensitivity over 2D RPTEC
cultures, responding within 5x human Cmax levels. Camptothecin and
cyclosporine A respond in all three models within 1x human Cmax levels
(0.01-0.02 µM and 0.1-6 µM respectively). The chemotherapy agent cisplatin was shown to only respond in 3D models within 5 x human Cmax
(13.7-19.5µM). Further endpoints will be evaluated using HCS to identify other potential early markers of nephrotoxicity such as lysosomal
lesions as would be expected to occur following gentamicin exposure.
We show the use of in vitro kidney MTs with confocal HCS, following
repeat dosing, allows for improved in vitro to in vivo extrapolation of
potential chemical induced kidney liabilities.
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stunted than in stunted (p = 0.000). Collectively, these data suggest that
even subtoxic levels of Pb may have significance for toxicodynamics as
reflected by BLLs’ inverse correlation with Zn and Cu; which combined
with altered signaling, reflected by significantly reduced Ca may be permissive of stunting. Demonstrated higher T-ALP and BSAP levels in the
non-stunted than stunted may reflect the pivotal role of Zn (antagonized by Pb) in growth. Combination of inverse correlations of BLL with
Ca, Cu, Zn, and depressed T-ALP and BSAP, may serve as affordable and
reliable panel of stunting and risk assessment in resource limited communities.

1803 Evaluation of Urinary microRNAs As Potential

Biomarkers of Sub-Acute Drug-Induced Kidney
Injury in Rats

S. Glineur, S. Dremier, S. Snelling, P. De Ron, E. Hanon, and A.
Nogueira da Costa. UCB BioPharma SPRL, Braine L’Alleud, Belgium.
Sponsor: J.-P. Valentin.
Drug-induced kidney injury (DIKI) is one of the leading causes of acute
kidney injury (AKI), which is a frequent concern in the clinic. While US
FDA endorsed the use of urinary biomarkers for the detection of AKI
during non-clinical development, sensitive and nephron segment specific biomarkers are urgently needed. Hence, there is a considerable
interest surrounding the application of micro-RNAs (miRs) in the renal
biomarker space. In this work, a 28 day toxicity study was conducted
in Wistar rats with the aim to evaluate the performance of a panel of
68 miRs selected from the literature. Nephrotoxic drugs known to
affect different kidney regions - cisplatin (proximal tubule), puromycin
(glomerulus) and N-phenylanthranylic acid (NPAA) (collection ducts) were administered individually to independent groups of 24 animals
each. Urine samples were collected twice per day, prior to compound
administration and at days 2, 4, 8, 15, 22 and 29. Histopathology findings confirmed region specificity of each administered compound.
Conventional gold-standard biomarkers such as clusterin, alpha-glutathione S-Transferase (a-GST) and kidney injury molecule-1 (KIM-1) were
assessed with the Meso Scale Discovery immunoassay and the miR
profiling of urine rat samples was performed using the Firefly particle
technology. In cisplatin treated rats, clusterin levels increased by day
4, with a subsequent decrease to near baseline level by day 8. Similarly,
KIM-1 levels increased from day 2 to day 14, with a peak at day 4. For
puromycin treated rats, an increase in levels of clusterin and KIM-1 were
observed from day 8 and were maintained until day 29. In NPAA treated
animals, a-GST levels decreased from day 2. Out of 68 selected miRs,
our data revealed 14 and 29 miRs dysregulated after cisplatin and puromycin treatment respectively, while NPAA administration altered the
expression profile of the majority of miR candidates. Evaluation of these
miRs according to changes induced by treatment amidst the consideration of pre-dosing and vehicle will allow us to assess their robustness compared to the conventional biomarkers. Overall, these data will
improve our understanding of the utility of urinary miRs as DIKI biomarkers in a sub-acute DIKI preclinical setting.
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1805 Tissue Distribution of Compound X and Its

Metabolites in jck Mouse Polycystic Kidneys
Using Mass Spectrometry Imaging (MSI)

J. Stauber1, H. Liu3, G. Hamm1, C. Silvescu3, M. Cromwell3, K. Keefe3,
L. Quigley3, S. Sudsakorn3, S. Nsereko3, Y. Guo3, L. Smith3, T. Natoli3,
D. Bangari2, S. Linehan1, A. Tomezyk1 , R. Legouffe1, D. Bonnel1, and
T. O’Shea3. 1ImaBiotech, LOOS, France; 2Sanofi, Framingham, MA;
and 3Sanofi, Waltham, MA. Sponsor: D. Bonnel.
Autosomal dominant polycystic kidney disease is characterized by the
formation of multiple cysts in kidneys that ultimately leads to renal
failure. No disease-modifying therapy is currently available in the US.
A well tolerated therapy that slows the rate of disease progression and
maintains kidney function is needed to improve patient outcomes.
Compound X showed efficacy in jck mouse, a murine model of ADPKD
by retarding cyst growth and preserving kidney function. In this study,
we employed matrix assisted laser desorption ionization FTICR imaging
to determine the distribution of compound X and its metabolites in
jck mouse polycystic kidneys. Male jck mice, were treated with compound X or vehicle by 1daily oral gavage for 4 days, and were sacrificed
24h after. The left kidney was collected for compound X concentration
determination using LC-MS/MS on Acquity® UPLC coupled with API5000
mass spectrometer. The right kidney was snap-frozen in cryo-molds for
imaging analysis using 7T SolariX FTICR. 6 matrixes were screened prior
to imaging analysis. Sections were cut at 10 mm and collected on ITO
slides. After drying the slides, selected matrix containing the deuterated
internal standard was deposited by SunCollect automated device spray.
By spot analysis, compound X was detected in each of the 3drug-treated
kidneys but not in the 2vehicle samples. Compound X metabolites were
detected based on accurate mass analysis and prior metabolite profiling
data. Compound X detection was further validated by fragmentation
in the treated kidney sections in comparison with the reference standard. From imaging analysis at spatial resolution of 120 mm, compound
X, M18, M19 and M29 were detected in the drug-treated kidney sections but not M25 due to tissue interferences. Co-localization was found
between the drug and its M29 metabolite followed by M18 and M19.
From overlay of the MSI of mouse kidney and the haematoxylin eosin
staining picture, compound X and its metabolites were found to be
localized in the specific regions of the polycystic kidney section. Further
analysis of the high spatial resolution mass spectrometry and histology
images were performed for signal co-localization at the tissue sub-compartment and cellular levels.
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1804 Utilization of the Exvive Human Kidney Tissue

Model of the Proximal Tubule to Assess
Nephrotoxicity across a Diverse Set of Chemical
Classes

T. R. Smith, S. King, E. Paffenroth, C. Fairbairn, and D. G. Nguyen.
Organovo, San Diego, CA.
Due to its exposure to high concentrations of xenobiotics, the kidney
proximal tubule is the primary site of nephrotoxicity which results in
late-stage attrition during drug development. We have developed a 3D
bioprinted, fully human in vitro model of the proximal tubulointerstitial interface to enable more accurate prediction of tissue-level clinical
outcomes. We challenged this model with a diverse set of known renal
toxicants and assessed their impact using biochemical and histologic
endpoints. Treatment of 3D proximal tubule tissues with the chemotherapeutic agent cisplatin induced dose- and time-dependent loss
of tissue viability and epithelial function over the 14 day time-course
evaluated. Temporal evaluation of the soluble biomarkers N-acetyl-β-Dglucosamindade (NAG) and lactate dehydrogenase (LDH) demonstrated
maximum NAG release earlier than maximum LDH release. Histologic
assessment of the tissues showed primarily epithelial cell-specific effects
at the 2.5 uM and 5 uM doses, while additional toxicity in the interstitium
was observed at the 10 uM dose. Co-treatment of the tissues with 5uM
cisplatin and the OCT2 inhibitor cimetidine (1mM) attenuated the cisplatin-induced toxicity. To assess another class of nephrotoxin, bioprinted
tissues were treated with the aminoglycoside antibiotics amphotericin
B and gentamicin. Amphotericin B induced a dose-dependent decrease
in epithelial function without a corresponding decrease in overall tissue
metabolic activity, while gentamicin treatment resulted in decreases
in both epithelial function and tissue metabolic activity. Examination
of the soluble biomarkers NAG and LDH showed a rapid response of
the tissues to even low concentrations of amphotericin B early in the
treatment period. Consistent with the biochemical findings, histologic
assessment of the amphotericin B-treated tissues demonstrated a flattening of the epithelial cells with no observable impact on the other
cells within the tissue. These collective results suggest bioprinted kidney
tissues are well suited to assess multiple mechanisms of nephrotoxicity
in vitro following biologically relevant dosing regimens, and that both
biochemical and histologic endpoints provide a comprehensive means
of examining the progression of tissue injury on a mechanistic basis.

1806 Effect of GMDTC in Removing Cadmium from
Kidney

Y. Ge2, X. Tang1, J. Zhu2, Z. Zhong1, M. Luo1, G. Li1, and X. Ren2.
1Guangdong Medical Laboratory Animal Center, Foshan, China;
and 2SUNY Buffalo, Buffalo, NY.
Chronic exposure to cadmium compounds (Cd2+) is a significant worldwide public health concern. Cd2+ in the human body accumulates primarily in the kidneys that lead to renal dysfunction and other adverse
health effects. We synthesized a new chemical, sodium (S)-2-(dithioc
arboxylato((2S,3R,4R,5R)-2,3,4,5,6 pentahydroxyhexyl)amino)-4-(methylthio) butanoate (GMDTC), with low acute toxicity based on our preliminary data. In these studies, we sought to further evaluate the toxicity
and efficacy of GMDTC in removing deposited Cadmium from kidney,
and to explore the underlying mechanisms. We investigated the acute
toxicity of GMDTC in mice and rats via both oral gavage and intraperitoneal injection (i.p.) and established acute LD50, and examined the effects
of GMDTC in removing Cd2+ from kidneys on three animal species, mice,
rats and rabbits. Normal kidney cells, HK2 cells, were used for mechanistic study. GMDTC showed a strong chelating capacity with Cd2+, and
forms the GMDTC/Cd complex in a 2:1 ratio. GMDTC could also bind
with other heavy metals, including Pb2+, Hg2+, Tl2+, Cr6+ and Mn2+, but
had little or no complexation with body essential elements, e.g., Ca2+,
Fe2+, Mg2+, Zn2+, Fe3+ and La2+. GMDTC had no cytotoxic effects on HK-2
cells following 24h exposure at the level up to 400 µM, and can reduce
CdCl2-induced HK-2 cytotoxicity at as low as 12.5 µM level. GMDTC has
a very low toxicity with an acute lethal dose (LD50) of more than 10,000
mg/Kg or 5,000 mg/Kg body weight, respectively, via oral or intraperitoneal injection in mice and rats. In vivo settings, up to 94% of Cd2+ deposited in the kidneys of Cd2+-laden rabbits was removed and excreted via
urine following a safe dose of GMDTC treatment for four weeks. Lastly,
we demonstrated that the mechanism of transporting GMDTC and
GMDTC-Cd complex into and out of renal tubular cells was likely assisted
by two glucose transporters, sodium glucose cotransporter 2 (SGLT2)
and glucose transporter 2 (GLUT2). Collectively, our study suggests that
GMDTC is a safe but highly efficient chemical in removing deposited
Cd2+ from kidneys, and thus a promising target could be used for the
prevention and treatment of acute and chronic Cd2+ exposure and the
associated health impacts.

Expression in Human and Rat Kidney Cells after
Chronic Bromate Exposure

R. T. Kolli, S. P. Kaur, T. C. Glenn, and B. S. Cummings. University of
Georgia, Athens, GA.
Bromate (BrO3-) is a drinking water disinfection byproduct formed from
naturally occurring bromide during the ozonation of source water. We
previously showed that BrO3--induced nephrotoxicity in vitro and in
vivo correlated to increased expression of the cyclin-dependent kinase
inhibitor p21. We also showed that the DNA methyltransferase inhibitor 5-aza-2-deoxycytidine (5-Aza) and the histone deacetylase inhibitor
trichostatin A increased p21 expression indicating the role of both DNA
methylation and histone acetylation in its regulation. In this study we
used next-generation sequencing (NGS) to determine the percent methylation at the sis-inducible element (SIE-1), a transcription factor binding
site in the promoter region of human embryonic kidney (HEK293).
Treatment of the cells with 5-Aza decreased DNA methylation by 35%,
however BrO3- failed to significantly alter this value, suggesting that
promoter demethylation at the SIE-1 site is not a major mechanism by
which BrO3- increased p21 expression in kidney cells. In contrast, chronic
exposure of normal rat kidney (NRK) cells to similar concentrations
of BrO3- altered histone acetylation at the promoter region spanning
200bp upstream from the start site, as determined using chromatin
immunoprecipitation (ChIP) assays, in a concentration- and time-dependent manner. Changes in histone acetylation correlated to changes in
p21 protein expression. These data suggest the novel finding that BrO3regulates renal expression of p21 using mechanisms that alter histone
acetylation, and not by inducing de-methylation of its promoter.

1808 Prolonged Exposure to Elevated Levels of

Glucose Induce Pathological Changes in the
Proximal Tubules of the Kidney

B. A. Davis, S. H. Garrett, D. A. Sens, and S. Somji. University of
North Dakota, Grand Forks, ND.
Renal fibrosis is a major consequence of the diabetic nephropathy (DN)
disease progression to end-stage renal disease (ESRD), where prolong
exposure to hyperglycemia induces damage to proximal tubule (PT)
cells of the kidney. Since progression to ESRD correlates to pathological
changes in the tubular segments of the kidney, the effects of hyperglycemia in the PT portion of the nephron may be particularly relevant to
the progression of DN. Epithelial to mesenchymal transition (EMT) of
PT cells may play a role in the disease manifestation and progression.
The goal of this study was to characterize the pathological changes that
occur in human proximal tubule (HPT) cells exposed to hyperglycemia.
For this purpose, cells were exposed to one of the following treatments;
5.5 (control), 7.5, 11, or 16 mM glucose concentrations for 8 days then
consecutively sub-cultured for two more passages. Real-time PCR
and western blot analysis was used to measure the expression levels
of N-cadherin and E-cadherin at the mRNA and protein levels, respectively. The effect of elevated glucose was initially observed at the light
microscope level where it was noticed that cells lost epithelial characteristics. Assessing markers of EMT, it was noted that cells had increased
expression of the mesenchymal marker N-cadherin, whereas the expression of E-cadherin was unchanged when compared to the non-treated
cells. This data is consistent with changes observed in the expression
of transcriptional repressors for these genes. Thus, our data suggests
that hyperglycemic induced damage of the PT in the kidney during the
development of DN occurs through an EMT phenomenon.

ically based kinetic (PBK) modelling could translate in vitro concentration-response curves for AAI and AAII DNA adduct formation detected
in an in vitro model system to the in vivo situation, providing insight in
to what extent possible differences in toxicokinetics may underlie the in
vitro-in vivo discrepancy in the relative potency detected. To achieve this
aim, kidney proximal tubular LLC-PK1 cells were exposed to different
concentrations of a mixture of AAI and AAII (1:1) for 24 hours and DNA
adducts were quantified by LC-ESI-MS/MS. Subsequently, the in vitro
data were used as input for PBK modelling-based reverse dosimetry and
converted to in vivo dose-response curves for AAI- and AAII-DNA adduct
formation in the rat kidney. Results obtained showed that the difference
in DNA binding potential between AAI and AAII observed in vitro is not
reflected in vivo because of differences in their toxicokinetics that result
in slower in vivo clearance of AAII as compared to AAI. As a result, the
higher potency of AAI to generate DNA adducts in vitro is not resulting
in a similar difference in DNA adduct formation in vivo. Based on the
results obtained, it can be concluded that combining the in vitro analysis
with a PBK modelling-based translation of the in vitro data to the in vivo
situation is a promising approach to better predict relative in vivo potencies from in vitro data.

1810 Metabolism of 3,5-Dichloroaniline in Isolated

Renal Cortical Cells (IRCC) from Male Fischer 344
Rats

C. R. Racine, C. Tyree, M. A. Valentovic, and G. O. Rankin. Marshall
University, Huntington, WV.
Chlorinated anilines are important chemical intermediates in the production of a number of industrial and agricultural products. Exposure
to chlorinated anilines can occur in both environmental and occupational settings. The exposure to chlorinated aniline can lead to hematotoxicity, splenotoxicity, hepatotoxicity, and nephrotoxicity. Previous
work in our lab has shown that of the mono- and dichlorinated anilines,
3,5-dichloroaniline (3,5-DCA) proved to be the most nephrotoxic both in
vivo and in vitro. Further studies indicated that bioactivation and renal
metabolism plays a role in 3,5-DCA induced cytotoxicity in isolated renal
cortical cells (IRCC) from male Fischer 344 rats. IRCC were selected as
the model in these studies because it is enriched for proximal tubular
cells, the major target cell type in 3,5-DCA induced nephrotoxicity in
vivo. Studies have also suggested that N-oxidation, phenyl ring oxidation, and acetylation are all potential 3,5-DCA metabolic pathways. In
order to determine the metabolic profile of 3,5-DCA, IRCC were exposed
to 0.5 mM or 1.0 mM 3,5-DCA for 90 minutes. Following exposure,
samples were collected and HPLC analysis detected two minor metabolites and the parent compound, as determined by comparison with
authentic standards of 3,5-DCA and its putative metabolites. The two
metabolites detected were 3,5-dichloroacetanilide and 3,5-dichloronitrobenzene. Since previous studies showed that DEDTCA, a CYP2C
selective inhibitor, can significantly attenuate 3,5-DCA induced toxicity,
addition studies were conducted to determine any changes to the metabolic profile of 3,5-DCA in IRCC following pretreatment with DEDTCA.
Results of those experiments showed a decrease in the production of
3,5-DCNB following DEDTCA pretreatment. These results along with the
previous studies suggest that metabolites formed from N-oxidation, a
minor metabolic pathway of 3,5-DCA in IRCC, contributes to 3,5-DCA
induced nephrotoxicity in IRCC. However, further studies are required
to determine the ultimate toxicant(s) species, as well as the mechanism
of cell death.

1811 Pharmaceutical-Induced Mislocalization and
Accumulation of PTS1 Proteins

1809 Combining In Vitro Data and Physiologically

Based Kinetic (PBK) Modelling to Obtain Insights
in the Discrepancy between the Relative Levels
of In Vitro and In Vivo Kidney DNA Adduct
Formation by Aristolochic Acid I and II

R. Abdullah2,1,, S. Wesseling2, B. Spenkelink2, J. Louisse2, and I.
Rietjens2. 1Universiti Putra Malaysia, Serdang, Selangor, Malaysia;
and 2Wageningen University, Wageningen, Netherlands.
The outcomes from in vitro toxicity studies may not always be applicable
to the in vivo situation due to important differences in the kinetics of
the compound(s) under study in the in vitro and in vivo models applied.
This is for example the case for the relative potential for DNA adduct
formation of aristolochic acid I (AAI) and aristolochic acid II (AAII); both
AAs are well-known genotoxic carcinogens targeted to kidney showing
a remarkably different potential for DNA adduct formation in in vitro
models but rather similar levels of DNA adduct formation in in vivo
models. In this study, we aimed to investigate to what extent physiolog-

M. Maier, L. Luks, and D. R. Dietrich. University of Konstanz,
Konstanz, Germany.
Certain pharmaceuticals (e.g. propiverine) can lead to the accumulation of protein in the cytosol and nucleus of renal proximal tubule
epithelial cells of the rat, primarily consisting of one specific peroxisomal protein, D-amino acid oxidase (DAAO), which is targeted to this
sub-cellular localization via a C-terminal peroxisomal targeting signal
1 (PTS1) motif. It was previously shown that propiverine and DAAO do
not directly interact with each other. Thus, we aimed to identify possible cellular interaction partners that may positively affect nuclear
DAAO localization. Using co-immunoprecipitation, we identified for the
first time DAAO interaction partners in human (HEK293) and rat (WKPT)
kidney cells. These include the PTS1-receptor PEX5, catalase and the
peroxisomal multifunctional enzyme type 2 (MFE-2). Furthermore, we
demonstrate immunohistochemically that in addition to DAAO several
other PTS1 proteins (e.g. MFE-2) accumulate in the nucleus and cytosol
in rat kidney cells after propiverine treatment. In contrast, PTS2- and
peroxisomal membrane proteins remain unaffected. Of note, the PTS1receptor PEX5 was shown to accumulate and colocalize exclusively with
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1807 Epigenetic Mechanisms Mediating Altered p21

cytosolic protein accumulations. In addition, PEX3, important in early
peroxisomal biogenesis, massively accumulates both in the cytosol and
the nucleus. In summary, this study shows that propiverine interferes
with the peroxisomal trafficking of PTS1-cargos but not with PTS2- and
peroxisomal membrane proteins. Moreover, selective interference of
propiverine with PEX5 may result in the mislocalization of PTS1 proteins.

1812 Fibroblast Growth Factor 1 Ameliorates Diabetic
Nephropathy through an Anti-Inflammatory
Mechanism

Q. Lin2, Z. Huang3, L. Song3, Y. Qian3, L. Cai2, M. Mohammadi1, and
Y. Tan2. 1New York University School of Medicine, New York, NY;
2University of Louisville, Louisville, KY; and 3Wenzhou Medical
University, Wenzhou, China.
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A recent study demonstrated metabolic roles for fibroblast growth
factor 1 (FGF1) in glucose homeostasis. But its strong mitogenic activity
hampers its wide use in diabetes. We have recently engineered a FGF1
partial agonist carrying triple mutations (FGF1ΔHS) that exhibited a major
loss in proliferative potential, while preserving the full metabolic activity
of wild-type FGF1 (FGF1WT). In the present study, we tested the potential
of FGF1ΔHS in treatment of diabetic nephropathy (DN). Treatment of db/
db type 2 diabetes (T2D) with FGF1WT and FGF1ΔHS (0.5 mg/kg) every
other day for 2 months, both FGF1WT and FGF1ΔHS significantly reduced
blood glucose, urinary albumin, and prevented glomerular hypertrophy
and renal fibrosis. Similarly, treatment of streptozotocin (STZ)-induced
type 1 diabetes (TID) with FGF1WT and FGF1ΔHS also significantly prevented diabetes-induced renal morphological and functional changes,
but without significant effects on blood glucose levels. These results
imply that the renal protection of FGF1 is independent of their insulin
sensitizing activity. Since renal inflammation is a critical cause of DN,
we hypothesized that the protection of FGF1 against DN is associated
with its anti-inflammatory capability. As expected, both FGF1WT and
FGF1ΔHS treatments significantly reduced the inflammatory cytokines
expressions and CD68+ macrophage infiltration in renal tissues in both
T1D and T2D, which were accompanied by an inhibition of inflammatory signal (JNK/NF-κB) activation. Direct exposure of renal mesangial
cell to high glucose or TNF-α induced similar inflammatory and fibrotic
responses as observed in diabetes, which could be prevented by FGF1WT
and FGF1ΔHS pre-treatment. More importantly, administration of FGF1ΔHS
to 9-month-old db/db mice completely prevented the further development of DN with remarkable amelioration of renal inflammation and
fibrosis. These results demonstrate that FGF1 prevents DN largely via
inhibiting renal inflammation. FGF1ΔHS might be a therapeutic approach
for the treatment of DN without promoting undesired tissue proliferation.

1813 Canagliflozin Interferes with Mitochondrial

Metabolism by Blocking Glutamine Anaplerosis

P. Secker, J. Delp, S. Beneke, and D. R. Dietrich. University of
Konstanz, Konstanz, Germany.
Canagliflozin is a member of the gliflozin class of pharmaceuticals indicated for treatment of type 2 diabetes mellitus. Currently approved
gliflozins specifically inhibit sodium/glucose transporter 2 mainly
expressed in the brush border of proximal tubule epithelial cells thereby
increasing urinary glucose excretion. Although pharmacologically
similar, pre-clinical findings (including renal epithelial carcinomas in
high dose groups) differ strikingly among the three approved and marketed gliflozins thus suggesting distinct off-target profiles. We therefore
asked whether the different gliflozins exhibit distinct off-target toxicities
in a human in vitro setting. In this study, human proximal tubule epithelial cells (RPTEC/TERT1) were exposed to the SGLT2 inhibitors canagliflozin, dapagliflozin and empagliflozin, focusing on the cellular energy
metabolism that is often dramatically changed in renal cell tumors.
Canagliflozin (50 µM) but not the other two gliflozins markedly increased
cellular glucose consumption and lactate secretion rates, indicative of
impaired mitochondrial function. Accordingly, measurements of cellular
oxygen consumption via Seahorse revealed that canagliflozin acutely
reduced mitochondrial respiration suggesting direct interference with
components of the electron transport chain (ETC). Detailed analysis of
mitochondrial respiration in permeabilized RPTEC/TERT1 ruled out inhibition of complexes II, III, IV and V, thus leaving only complex I. However,
quantification of cellular amino acids revealed a pronounced accumulation of - amongst others - glutamine, glutamate and alanine, a finding
unique for canagliflozin and not observed with any other ETC inhibitor.
The latter suggests that canagliflozin disrupts glutamine anaplerosis,

most likely by inhibition of 2-oxoglutarate dehydrogenase complex
(OGDC). Consistent with this, cells relying on glutaminolysis (caused by
pyruvate deprivation) are much more vulnerable towards canagliflozin
induced toxicity. In conclusion, our findings suggest that canagliflozin
inhibits complex I but more importantly blocks glutamine anaplerosis.

1814 Anti-Viral Agent Tenofovir Causes Mitochondrial
Damage and Oxidative Stress in HK-2 Cells

Murphy1,

R.
M. Valentovic1, D. Rodriguez D2, and K. Brown1.
1Marshall University School of Medicine, Huntington, WV; and
2University Of Texas Rio Grand Valley, Harlingen, TX.
Tenofovir disproxil fumarate (TDF) is a highly effective HIV antiviral drug
approved for treating Human Immunodeficiency Virus and Hepatitis B.
It is one of the first line drugs used to treat HIV and is efficacious in both
novel and treatment-experienced patients. Tenofovir (TFV) is administered orally as the prodrug TDF, which is deesterified to the active drug
TFV.TFV is associated with nephrotoxicity TFV can induce decreased glomerular filtration rate (GFR), renal failure, and Fanconi Syndrome. The
exact mechanism of this toxicity remains unknown. TFV, the active form
of TDF, was used for all studies. Our hypothesis is that TFV causes mitochondrial dysfunction including diminished ATP formation and oxidative stress. HK-2 cells were seeded and grown to confluency for 48h followed by 24-72h exposure to 0-28.8uM TFV. The vehicle was phosphate
buffered saline (PBS). Cell viability was assessed using the MTT assay and
Trypan Blue cell counts. Mitochondrial dysfunction was examined by
measuring ATP levels, cytochrome c leakage, and by assessing the Cell
Energy Phenotype and Bioenergetic Health Index of mitochondria using
Seahorse XFp technology. Oxidative Stress was evaluated by studying
protein carbonylation and 4-hydroxynonenal (4-HNE) adducts by
Western blot. All groups had n=6; analysis was performed using a One
or ANOVA with a 95% confidence interval, p<0.05. TFV reduced HK-2 cell
viability at 24-72h as shown by the MTT Assay and Trypan Blue exclusion
cell counts. TFV reduced ATP levels and increased cytochrome c leakage
at 72h compared to PBS-control. Oxygen Consumption Rate (OCR) and
Extracellular Acidification Rate (ECAR) were decreased following 24-72h
exposure to 28.8uM TFV. TFV induced oxidative stress as protein carbonylation and 4-HNE adduct formation were elevated relative to PBS
controls. TFV cytotoxicity was apparent at clinically relevant concentrations in 24-72h exposure of HK-2 cells. TFV mediated oxidative stress,
induced mitochondrial damage as indicated by decreased ATP, OCR,
and ECAR, and cytochrome c leakage. (Supported by Marshall University
Foundation Summer Research Internship for Minority Students Fund, NIH
Grant P20GM103434 and the WV NASA Graduate Research Fellowship to
RM)

1815 Molecular Basis of Resistance to TCDD-Induced
Hydronephrosis in Adult Mice

Yoshioka1,2,,

W.
T. Kawaguchi2, N. Nishimura2, N. Fujisawa2, H.
1
Yanagisawa , and C. Tohyama2,3,. 1The Jikei University School of
Medicine, Tokyo, Japan; 2The University of Tokyo, Tokyo, Japan;
and 3University of Tsukuba, Tsukuba, Japan.
Adults are often less sensitive to chemical insults compared with
embryos, fetuses, and infants. Clarification of mechanisms underlying
the insensitivity will bring out a deeper insight into molecular mechanisms of developmental toxicities. To this end, we here used dioxin-induced hydronpehrosis, one of the typical dioxin toxicities driven by
AhR signaling, as a model. Our previous studies revealed that abnormal
upregulation in prostaglandin E2 (PGE2) synthesis and polyuria are
responsible for the onset of dioxin-induced hydronephrosis in mouse
pups. In this study, adult male C57BL/6J mice were orally administered
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) at a dose of 0, 20, or 80 µg/
kg, and were compared with pups exposed to TCDD via milk from the
dams administered TCDD at a dose of 0, 20, or 80 µg/kg. Abundance
of mRNA of CYP1A1, an indicator of transactivation capacity of TCDDbound AhR, was increased similarly in pups and adults. In contrast,
mRNA abundances of COX-2 and mPGES-1, essential mediators of the
onset of TCDD-induced neonatal hydronephrosis, as well as those of
AQP2, NKCC2, and ROMK, the channel and transporters important for
concentrating the urine, were disrupted by TCDD-exposure in the pups,
but not in the adults. Furthermore, no increase in urine output was
observed in the adults, which is a sharp contrast to the TCDD-exposed
pups. In conclusion, resistance of adults to TCDD-induced hydronephrosis cannot be accounted for the absence of TCDD accumulation
or of transactivation capacity of AhR in the kidney. The PGE2 synthesis
system and its interference with urine concentration system are thought
to be the mechanisms of the developmental-specific onset of TCDDinduced hydronephrosis.

of Nephrotoxicity of Quantum Dot with a
Cadmium/Selenium Core

K. Van Ness, T. Kavanagh, and E. Kelly. University of Washington,
Seattle, WA.
Electronic industry workers exposed to quantum dots (QD) with
cadmium/selenium cores may be at risk to nephrotoxicity due to
cadmium’s propensity to target renal tissue. To investigate whether
potential nephrotoxicity could occur with QD exposure, we exposed
human proximal tubule epithelial cells (PTECs) to a QD with a CdSe/
ZnS core/shell in 2D and 3D microphysiological (MPS) formats. The QD
formulation we analyzed was positively charged, contained a polydiallydimethylammounium chloride coating and was soluble in tissue
culture media allowing for in vitro analyses. We initially conducted a
dose-range finding study in 96-well format with PTECs exposed to multiple concentrations of the CdSe/ZnS QD for 48 hours and evaluated for
cell viability and determined an EC50 concentration to use for the MPS
exposures. PTECs seeded into MPS devices were exposed for 48 hours
to medium (negative control), 25 uM Cd Cl2 (positive control) or 2.5 nM
(ED50 value) of CdSe/ZnS core/shell quantum dots with a PDDA coating.
After exposure, immunocytochemistry (ICC) staining was performed
with the stress response enzyme heme oxygenase (HMOX-1; green),
kidney injury molecule-1 (KIM-1, a cell specific marker that up-regulates
expression during cell injury; red), and nuclei (DAPI blue) fluorescence
markers. MPS effluents were collected at 24 and 48 hours and analyzed
for KIM-1, whose ectodomain is shed allowing for quantification by electrochemiluminescence (Meso Scale Discovery). ICC results indicate that
HMOX-1 fluorescence intensity increased four-fold over control levels
for both CdCl2 and QD exposed PTECs while KIM-1 intracellular fluorescence intensity was two-fold higher than controls for both treatment
conditions.

1817 Evaluation of Antisense Oligonucleotide

Nephrotoxicity Using a 3D Microphysiological
System

K. Lidberg3, P. L. Iversen2, J. Himmelfarb1, and E. J. Kelly3. 1Kidney
Research Institute, Seattle, WA; 2Oregon State University, Corvallis,
OR; and 3University of Washington, Seattle, WA.
Four antisense oligonucleotides (ASOs) are approved by the US FDA,
with approximately 130 in clinical trials and many more in early development. The primary route of elimination is in the urine and ASOs will
accumulate in the renal proximal tubule and can cause cellular dysfunction. However, studying the mechanism(s) of ASO-induced proximal
tubular injury has been a challenge, as in vitro and animal models are
inadequate at recapitulating human renal proximal tubule function.
Here, primary human proximal tubule cells (PTECs) were cultured in a 3D
microphysiological system (MPS) to investigate ASO-induced proximal
tubule injury. Cellular injury was determined by increases in the renal
injury biomarkers HO-1 and KIM-1 as measured by immunocytochemistry and ELISA, respectively. Treatment of MPS cultured PTECs for five
days with 1μM of a phosphorothioate oligonucleotide (PSO) or phosphorodiamidate morpholino oligonucleotide (PMO) caused an average
1.62 and 1.11 fold increase in HO-1 expression compared to controls.
These results are in-line with observations from clinical studies where
PSOs exhibit nephrotoxicity while PMOs do not suggesting that our MPS
cultured PTECs are physiologically similar to an in vivo proximal tubule.
Ongoing efforts include biomarker analysis (effluent KIM-1) and transcriptomic analysis to identify adverse outcome pathways. In addition,
we observed uptake of a FITC-tagged PMO in monolayer cultured PTECs.
While it is thought that ASO uptake is primarily via endocytosis, no candidate proteins responsible for this process have been identified. Taken
together, our MPS will serve as an ideal platform for modeling ASOinduced nephrotoxicity and probing the mechanism of ASO uptake.

1818 Protective Role of Sildenafil against Carbon

Tetrachloride-Induced Nephrotoxicity by
Augmenting the Availability of Nitric Oxide and
Antioxidant Enzymes

S. Goyal3, S. Sharma2, and V. Rani1. 1Himalyan Institute of
Pharmacy, Kala Amb, India; 2R.K.S.D College of Pharmacy, Kaithal,
India; and 3School of Pharmacy & Emerging Sciences, Baddi, India.
Nephropathy is a leading cause of morbidity and mortality and is characterized by impaired renal function, glomerulosclerosis, and declined
glomerular filteration rate (GFR), elevated arterial blood pressure
and fluid retention. Carbon tetrachloride (CCl4) is a colorless and volatile liquid is known to cause hepatotoxicity and nephrotoxicity. The

metabolic transformation of CCl4 results in the generation of free radicals, resulting prominent changes in the morphology of the kidney,
including tubulointerstitial fibrosis and vascular congestion. Wistar
albino rats of either sex (180-260g), were employed in present study.
Nephrotoxicity was induced by administration of CCL4 (0.5 ml/kg, s.c.,)
for 28 days. Serum creatinine, BUN, urinary microprotein, TBARS, nitrite/
nitrate and reduced glutathione estimations were done as hallmarks of
renal functioning. Administration of CCl4 induced prominent changes in
morphology of kidney and increases in serum creatinine, BUN, urinary
microproteins, and renal tissue TBARS levels in comparison to normal
control. It also decreased reduced glutathione and tissue nitrite/nitrate
levels. Sildenafil treatment (0.4 and 0.8 mg/kg) antagonized the effect
of CCl4 induced renal intoxication dose dependently. L-NAME treatment
significantly reversed the effect of Sildenafil treatment. Therefore, it may
be concluded from above findings that Sildenafil has protective effect
in prevention of renal injury by increasing the availability of nitric oxide.

1819 Modulation of Cisplatin Renal Transport by

Concomitantly Prescribed Antinausea Drugs

B. George1, X. Wen1, M. Joy2, and L. Aleksunes1. 1Rutgers
University, Piscataway, NJ; and 2University of Colorado, Aurora,
CO.
Cisplatin is an efficacious therapy for solid tumors, however up to 30%
of treated patients experience nephrotoxicity. Secretion transporters
such as the organic cation transporter 2 (OCT2) and multidrug and toxin
extrusion transporter 1 (MATE1) can modulate cisplatin intra-tubular
concentrations and constitute a primary mechanism responsible for cisplatin-induced kidney injury. Cisplatin is also a highly emetogenic drug
that requires the concomitant use of 5HT3 antagonists to control nausea
and vomiting. Preliminary studies in our laboratories demonstrate that
the 5HT3 antagonist ondansetron compared to other antiemetic drugs,
is associated with greater reduction of estimated glomerular filtration
rate in cisplatin-treated patients (p=0.05, n= 131). Initial reports suggest
that ondansetron can inhibit OCT2- and MATE1-mediated transport.
However, no studies have systematically assessed the interaction of 5HT3
antagonist drugs with cisplatin transporters. The purpose of this study
was to test structurally similar 5HT3 antagonist drugs for their ability to
inhibit the OCT2 and MATE1 transporters. Transport of the fluorescent
cation ASP+ was assessed in HEK293 kidney cells overexpressing OCT2
or MATE1 in the presence and absence of different 5HT3 antagonists
(0-100 μM). The relative order of potency (high to low) for inhibition of
ASP+ uptake by OCT2 was palonosetron > granisetron > ondansetron
> tropisetron > dolasetron and by MATE1 was ondansetron > palonosetron > tropisetron > granisetron > dolasetron. Additionally, all 5HT3
antagonists inhibited MATE1 (max inhibition: 72-92%) more potently
than OCT2 (max inhibition: 56-73%). The inhibition of MATE1 transport
by ondansetron exceeded the 0.1 cutoff for the ratio of maximum serum
concentration/inhibitory concentration50 (Cmax/IC50, 4.3) established by
the International Transporter Consortium, which supports further investigation of drug-drug interactions with this transporter. Inhibition of
MATE1-mediated efflux of cisplatin from human proximal tubule cells
by concomitantly administered antiemetic drugs is an important mechanism that can influence nephrotoxicity. (Supported by T32ES07148,
R21DK093903 and AFPE)

1820 Safety Assessment of Polymyxin B Structural
Variants Using a 3D Nephrotoxin-Sensitive
Microphysiological System

E. Weber4, M. Vaara2, T. Vaara2, T. Neumann3, J. Himmelfarb1,4,,
and E. Kelly4. 1Kidney Research Institute, Seattle, WA; 2Northern
Antibiotics Ltd, Helsinki, Finland; 3Nortis Inc., Seattle, WA; and
4University of Washington, Seattle, WA.
As a major contributor to xenobiotic disposition, the renal proximal
tubule is also a primary site of drug-induced injury. Evidenced by drug
transporters located on the basolateral and apical side of the tubule
structure, drug-induced nephrotoxicity is highly influenced by intracellular accumulation from the transport-mediated process. To further
understand this complicated process of accumulation and injury we will
implore a three dimensional microphysiological system (MPS) that is in
continuous development in our lab. Previously published studies using
the MPS have shown the sensitivity to drug-induced nephrotoxicity
using cadmium while current studies will involve the investigation of
polymyxin-induced nephrotoxicity. As polymyxins remain as a last-line
highly effective therapy when treating drug-resistant bacteria, the frequency of drug-induced injury is significant (~30%) despite mechanisms
of polymyxin-induced nephrotoxicity continuing to remain unknown.
Our goal is to accurately model and assess the safety of polymyxin exposure in the 3D MPS. Additionally, our pharmaceutical collaborators have
developed safer polymyxin-analogues believed to have altered affinity
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1816 Microphysiological System Assessment

to the proximal tubule. Currently, our findings have shown that the MPS
is a sensitive polymyxin-induced nephrotoxic model showing both the
significant induction of urinary biomarkers (kidney injury molecule-1)
as well as cell-associated biomarker (heme-oxygenase-1) induction via
polymyxin exposure. This assessment was achieved using three different human donors and a multitude of platforms all of which displayed
similar findings. Furthermore, the polymyxin-analogues have shown
similar responses to that of the control group in regards to biomarker
induction providing evidence of their safety across multiple human
donors. With a multiplex approach, we will investigate the safety of the
polymyxin-analogues by observing the transcriptional response using
RNA-seq technologies allowing for further clarification of the unknown
mechanisms of drug-induced injury.

1821 Resveratrol Protection of Mitochondria to

Cisplatin Toxicity in HK-2, a Human Proximal
Tubular Epithelial Cell Line

M. Valentovic, K. Brown, A. B. Lamyaithong, and M. Dial. Marshall
University Schl of Medicine, , WV.
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Cisplatin is a cancer chemotherapeutic agent used in treating testicular,
ovarian and cervical cancer. Cisplatin is nephrotoxic. It is estimated that
the incidence of impaired renal function is 33% in patients treated with
cisplatin. Resveratrol (RES) is a polyphenolic compound that possesses
anticancer activity. Part of the mechanism for reducing cisplatin toxicity by RES may be mediated by preserving mitochondrial function and
diminishing cisplatin induced oxidative stress. Our hypothesis is that
RES will prevent mitochondrial impairment by cisplatin in HK-2 cells.
Cisplatin targets the proximal tubule of the nephron. HK-2 cells were
selected as they are a human proximal tubular kidney cell line (HK-2).
Hk-2 cells were plated for 48 followed by a 1 h pretreated with RES or
1% DMSO (vehicle). Renal cells were subsequently exposed to cisplatin
at a final concentration of 0-50 uM for 24 h. Viability was assessed using
MTT release and cell count with an n=6/group and repeated 3 separate
times. Cells pretreated with 10 uM RES were protected from cisplatin
cytotoxicity at 24 h. Cisplatin caused a concentration dependent decline
in MTT viability after 24 h exposure to 0, 7.5 and 15 uM cisplatin. RES
pretreatment for 1 h with 10 or 15 uM RES increased HK-2 viability relative to cells exposed only to RES Vehicle (DMSO). Additional studies
examined whether RES stimulated cell growth as part of the mechanism for cellular protection. RES did not increase cell number as part
of its protective mechanism. Mitochondrial function was evaluated by
measuring ATP levels, cytochrome c leakage and mitochondrial function using a Seahorse XFp analyzer. Basal and uncouples mitochondrial
respiration were monitored in RES and cisplatin treated cells. Additional
studies examined oxidative stress as increased protein carbonylation
and 4-hydroxynonenal adduction (4-HNE) following cisplatin exposure
of HK-2 cells pretreated with DMSO or RES. Western analysis detected
an increase in protein carbonylation with 24 h cisplatin exposure
which was reversed by RES. Mitochondrial function was diminished by
cisplatin and protected by RES. RES protects human proximal tubular
epithelial cells from cisplatin cytotoxicity, preserves mitochondrial
integrity and mitochondrial respiration. (Supported by NIH Grants INBRE
3P20RR016477-09S4; 5P20RR016477 and 8P20GM103434 and a WV NASA
Undergraduate Research Fellowship to MD)

1822 Uptake Characteristics of Diglycolic Acid:

Analyzing the Transport Mechanism of the
Toxic Metabolite of Diethylene Glycol in Human
Proximal Tubule Cells

C. N. Robinson, and K. E. McMartin. Louisiana State University
Health Sciences Center-Shreveport, Shreveport, LA.
Diethylene glycol (DEG) is an industrial solvent and the ingestion of
pharmaceutical preparations adulterated with DEG has resulted in
mass poisonings worldwide. The hallmark sign of DEG toxicity is acute
renal failure as a result of proximal tubular necrosis, which is often fatal.
Recent studies provide strong in vitro and in vivo evidence that diglycolic acid (DGA) is the metabolite responsible for the proximal tubule
damage observed in DEG poisonings. DGA is a dicarboxylic acid, with
a similar structure to several TCA cycle intermediates. It is possible that
DGA is being taken up into the proximal tubule via the same sodium
dicarboxylate cotransport (NaDC) mechanism as these TCA cycle substrates, where it then exerts its toxic effects. Therefore, we hypothesize
that DGA is taken up into the proximal tubule cells of the kidney via
a NaDC mechanism. To test this hypothesis, we analyzed the uptake
of DGA in the presence of apical (NaDC-1) and basolateral (NaDC-3)
inhibitors, anthranilic acid (ACA) and 2,3-dimethyl succinate (2,3-DMS),
respectively. Primary human proximal tubule cells (HPT) were cultured
until confluent, then subcultured onto membrane inserts, allowing for
distinct apical and basolateral uptake. Cells were treated with 14C-DGA

at increasing sub-toxic concentrations from apical and basolateral interfaces, with and without inhibitors and allowed to incubate for 6 hours.
Cells were then rinsed and processed via scintillation counts. A substantial decrease in DGA uptake was observed in the presence of both
apical and basolateral inhibitors. These results suggest a mechanism of
DGA uptake, hence giving rise to a potential target area in the effort to
develop antidotal therapy. Future studies will analyze the toxic characteristics of DGA in the presence of NaDC-1 and NaDC-3 inhibitors.

1823 Metallothionein-3 Protein Interactions Promote
Vectorial Active Transport in Human Proximal
Tubule Cells

A. Slusser-Nore, J. R. Dunlevy, J. Shabb, S. Somji, D. A. Sens, and S.
H. Garrett. University of North Dakota, Grand Forks, ND.
Metallothionein 3 (MT-3) is a small, cysteine-rich protein that binds to
essential metal ions required for homeostasis, as well as to heavy metals
that have the potential to exert toxic effects on cells. MT-3 is expressed
by epithelial cells of the human kidney, including the cells of the proximal tubule. This laboratory has previously shown that mortal cultures
of human proximal tubule (HPT) cells express MT-3 and form domes
in the cell monolayer, a morphological feature indicative of vectorial
active transport, an essential function of the proximal tubule. However,
an immortalized proximal tubular cell line HK-2 lacks the expression of
MT-3 and fails to form domes in the monolayer. Transfection of HK-2
cells with the MT-3 gene restores dome formation in these cells suggesting that MT-3 is required for vectorial active transport. In order
to determine how MT-3 imparts this essential feature to the proximal
tubule we sought to identify proteins that interact either directly or
indirectly with MT-3 in vitro. Using a combination of pulldowns, co-immunoprecipitations and mass spectrometry analysis, putative protein
interactants were identified and subsequently confirmed by Western
blotting and confocal microscopy. Here we show that MT-3 interacts
with myosin, aldolase a, enolase-1, beta-actin, and tropomyosin and
that these interactions occur at the periphery of the apical membrane of
doming proximal tubule cells. Together these observations reveal that
MT-3 interacts with proteins that are involved in cytoskeletal organization, and that these interactions at the apical membrane promote vectorial active transport and cell differentiation in proximal tubule cultures.

1824 An Integrative ‘Omics Approach to Generate
Molecular Networks Regulating Kidney
Pathogenesis

M. Pavkovic2,1,, L. Pantano3, S. Brutus2, R. A. Everley2, S. A. Boswell2,
R. K. Kumar1, J. Shah2,1,, and V. S. Vaidya2,1,. 1Brigham and Women’s
Hospital, Boston, MA; 2Harvard Medical School, Boston, MA; and
3T.H. Chan Harvard School of Public Health, Boston, MA.
To understand the molecular pathogenesis of kidney damage, we
aimed at generating phenotypic maps based on an integrative omics
approach. We used two mouse models: a reversible chemical-induced
injury model (folic acid (FA) induced nephropathy) and an irreversible
surgical-induced fibrosis model (unilateral ureteral obstruction (UUO)).
RNA and small RNA sequencing (Illumina) along with proteomics (MS/
MS with 10-plex tandem mass tags) was performed in kidney samples
obtained temporally from both models (0, 3, 7, and 14 days after 250
mg/kg FA or UUO; n=4/group/time point). RNA and small RNA seq data
were aligned to the mm10 transcriptome using Sailfish and miRbase-21
using Seqbuster, respectively. Normalization along with differential
expression analysis was performed using DESeq2. The proteomics data
set was normalized applying the trimmed mean of M-values method
followed by differential expression analysis with Limma. Significantly
deregulated mRNAs (log2 fold change ±2 with 1% FDR; 1024 and 855
mRNAs in FA and UUO model, respectively) were clustered in an unsupervised way using DIANA. Distinct clusters generated mapped to
injury, repair, and maladaptive repair/fibrosis processes. Cluster profiles were then used for correlation analyses with corresponding proteins and anti-correlation analyses of miRNAs predicted to target the
respective genes (TargetScan). Gene Ontology term analysis of matched
triples (3 for FA and 1 for UUO model, respectively) revealed associations
including acute phase response, extracellular matrix organization and
cell differentiation. These processes are known to play a role in kidney
pathogenesis but our data allows identification of novel components
and connections between mRNAs/proteins and miRNAs that regulate
these processes. Furthermore, we developed an open source online
tool that allows scientists to query for a particular miRNA/gene/protein
and find the corresponding interactome at baseline as well as following
kidney damage. In summary, we have developed a novel integrative
omics approach to generate normal and damaged tissue networks
of correlating mRNA and protein profiles targeted by anti-correlative
miRNAs.

Fibrosis by Modulating the Immune System and
Activating Proteases

P. Trivedi2, R. Kumar2, A. Iyer2, S. Boswell2, C. Gerarduzzi2, Z.
Herbert1, and V. Vaidya2. 1Dana-Farber Cancer Institute, Boston,
MA; and 2Harvard Medical School, Boston, MA.
Kidney fibrosis is the hallmark of chronic kidney disease leading to endstage renal failure. In order to identify druggable targets, we performed
RNA sequencing in mouse model of folic acid (FA)-induced toxic fibrosis
and identified Phospholipase D4 (PLD4) as one of the highly up-regulated genes. Up-regulation of PLD4 was confirmed in three mechanistically distinct mouse models and in patients with biopsy-proven kidney
fibrosis. PLD4 was found to be expressed in the tubular epithelial cells
of mice and human kidneys. Using IP/MS analysis, we identified PLD4
to interact with Calmegin, Lectin Mannose Binding 2, and Suppressor
of Lin-12-Like Protein 1. Genetic silencing of PLD4 significantly (P<0.05)
protected mice from FA- and unilateral ureteral obstruction-induced
kidney fibrogenesis. Mechanistically, we show that PLD4 facilitates fibrogenesis by modulating innate and adaptive immune responses thereby
promoting a TGF-β signaling pathway. Flow cytometric analysis revealed
significantly increased CD8+ and MHC-II+ cells and decreased neutrophils
and monocytes in the kidney of PLD4-/- compared to the PLD4+/+ mice
(P<0.05). Although pro-inflammatory cytokines (IFN-γ, IL-2, IL-6, IL-1β,
IL-17) were significantly higher, TGF-β signaling molecules pSmad2,
Smad2, pSmad3 and Smad3 were lower in the PLD4-/- mice following
fibrosis (P<0.05). Moreover, PLD4 induced the expression of α1-antitrypsin protein (a serine protease inhibitor) resulting in down-regulation
of protease neutrophil elastase (NE) expression, thereby leading to the
extracellular matrix proteins accumulation. Interestingly, therapeutic
targeting of PLD4 using specific siRNA protected mice from FA-induced
kidney fibrosis by inhibiting TGF-β signaling and activating NE. Our findings identified PLD4 as a novel therapeutic target for kidney fibrosis - an
unmet medical need.

1826 MicroRNA-132 Targets RASA1 and SOD2 in

the Kidney to Increase Tubular Epithelial Cell
Sensitivity to Toxicity

C. V. Gerlach2,1,3, M. Pavkovic2,1,, R. A. Everley2, and V. S. Vaidya2,1,3.
1Brigham and Women’s Hospital, Boston, MA; 2Harvard Medical
School, Boston, MA; and 3Harvard T.H. Chan School of Public
Health, Boston, MA.
MicroRNAs (miRNAs) are increasingly shown to regulate multiple signaling pathways that can either promote or resolve disease progression. We previously identified that miR-132 expression positively correlated with kidney tubular injury in mice and humans. To investigate
the functional role of miR-132 in kidney damage we conducted proteomics using tandem mass tags in Human Proximal Tubular Epithelial
Cells (HPTECs) transfected with miR-132 mimic (>1000-fold increase in
miR-132, p < 0.01). Out of the 61 proteins ≥1.5-fold downregulated by
miR-132, nine proteins overlapped as miR-132 targets using five well-established miRNA target prediction algorithms (TargetScan, miRanda,
miRDB, Diana Lab, Gene Set Enrichment Analysis). We confirmed the
interaction of miR-132 with RAS p21 protein activator 1 (RASA1, inhibits
Ras) and Superoxide Dismutase 2 (SOD2, detoxifies mitochondrial reactive oxygen species) in HPTECs. We hypothesized that the miR-132-mediated decrease in RASA1 would lead to increased HPTEC proliferation
as a result of decreased cell cycle arrest. Therefore, we transfected
HPTECs with miR-132 mimic and treated them with TGF-β, a known
inducer of p21-dependent cell cycle arrest. Using quantitative imaging
to count DAPI-positive cells, we found that TGF-β reduced HPTEC proliferation by 62% and increased p21-positive cells by 32% (p < 0.05).
Interestingly, miR-132 mimic in the presence of TGF-β decreased p21
to control levels and rescued the TGF-β-mediated cell cycle arrest.
Conversely, we hypothesized that the miR-132-mediated decrease in
SOD2 could increase HPTEC susceptibility to toxicity. In mouse models
of folic acid-induced nephropathy and unilateral ureteral obstruction,
peak miR-132 expression correlated with maximum tubular injury and
with SOD2 protein decreasing 2.6-fold and 3.1-fold, respectively (p <
0.0001). In addition, we treated HPTECs with cisplatin and found that
miR-132 mimic resulted in ~2.5-fold increase in cell death (p < 0.05).
Taken together, we conclude that miR-132 increases tubular epithelial
cell sensitivity by: 1) downregulating RASA1 and promoting proliferation upon injury, and 2) downregulating SOD2 thereby decreasing the
ability to respond to toxic stress.

1827 Data Visualization and Interface Design for
Human Health Risk Assessment

R. Sandhu1, A. Edginton2, and L. A. Istead2. 1SafeDose Ltd., Oakville,
ON, Canada; and 2University of Waterloo, Waterloo, ON, Canada.
As the scale and complexity of data inputs for risk assessment increases,
so does the need for tools that can help risk assessors make sense of
the data and effectively communicate results to others. Visualization
and visual analytics are well suited for these roles, since they harness
the innate power of the eyes and the brain to identify patterns and
pattern deviations more quickly and easily than can be achieved by
looking at tables or text. In this work, we describe the creation of a risk
assessment E-dashboard containing interactive data visualizations that
enable the user to filter, analyze, illustrate and communicate key aspects
of the risk assessment. Initially, the user enters relevant information
regarding chemical physico-chemistry, existing limits and toxicological
information from experimental studies onto an electronic risk assessment template. Integrated data tables allow suggestions for parameters
such as organism weight, water consumption or feeding rate by commonly used animal strains and species. Key information from the template populates a database that enables comparison of dose-response
data across multiple studies. Units are automatically converted for this
comparison. The visualizations are then generated on the risk assessment e-dashboard. These include a visualization showing all points of
departures (PODs) for all studies on a substance and the relationship
between these PODs and existing limit values and measured exposures.
Other visualizations help identify data gaps and outliers and explore
the sources of uncertainty. In addition to predefined visualizations, the
user can also create their own novel visualizations from the user entered
data. Examples of the same risk assessment on an industrial chemical
and a pharmaceutical show that the e-risk assessment dashboard is far
superior in showing data connections. Greater use of visualization techniques in risk assessment is expected to ease the work of risk assessors,
reduce inter-assessor variability in outcomes and enable effective communication to risk managers.

1828 The Impact of Generalized Informative Priors on
Benchmark Dose Estimation

K.
and A. Shapiro2. 1Indiana University, Bloomington, IN;
and 2National Toxicology Program, Research Triangle Park, NC.
Shao1,

The Bayesian dose-response modeling method has become an
important alternative approach to the traditional frequentist-based
benchmark dose (BMD) analysis. As probabilistic risk assessment has
been prioritized as a future direction to better risk-benefit analysis
based public policy making, the Bayesian modeling method becomes
increasingly important to facilitate probabilistic dose-response assessment. One challenging aspect in Bayesian modeling is prior elicitation/
specification, which also provides a great opportunity to incorporate
existing knowledge on the potential shape of dose-response curves. In
most published Bayesian BMD analyses, flat or non-informative priors
for model parameters were adopted to reflect the situation that prior
information on the value of model parameters is absent. These non-informative priors may have greater flexibility, but may also result in undesirable higher uncertainty in posterior estimations. Therefore, the focus
of this study has two folds: (1) deriving generalized informative priors
(i.e., generally applicable but more informative than flat priors) for the
parameters in commonly used dichotomous models; and (2) evaluating
the impact on BMD estimation of using the derived informative priors
instead of non-informative priors. Using 516 dichotomous datasets
extracted from EPA’s IRIS database, we fit eight models to a random
training set (90% of the data) and use the posterior median estimate of
the model parameters to characterize how the parameter values are distributed. These data-derived parameter distributions are employed as
the generalized informative prior in the same Bayesian models for estimating BMDs on the test datasets; results are compared to counterparts
using non-informative priors. Preliminary results show that the generalized informative priors can generally reduce the width of percentile
interval of the BMD estimates (i.e., the uncertainty in BMD estimates) but
still keep its high generality.

1829 Bmdexpress 2.0: Toxicogenomic Dose-Response
Modeling, Visualization, and Analysis Tool

A. Sedykh. Sciome LLC, Research Triangle Park, NC.
An important goal of toxicogenomic analysis is to provide a measure
of the level of exposure to a chemical at which a biological response is
initiated. The “benchmark dose” concept has been adopted from classical toxicology, and applied to multi-dose differential gene expression
experiments carried out using genomics platforms such as microarray
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or next gen sequencing. Dose-response gene expression data sets may
then be fit by various parameterized curve models to obtain a benchmark dose or other curve metrics such as point of departure. First version
of BMDExpress software was developed by Thomas et al. to provide an
easy to use interface to EPA’s BMDS, an established benchmark dose
software package. Furthermore, it allows the estimation of benchmark
doses for aggregated collections of genes; KEGG pathways, GO terms,
or user defined categories. Recently, NTP has assumed stewardship of
BMDExpress and together with collaborators from Health Canada and
Sciome have further improved the BMDExpress application (Version
2.0). First, the application code is re-architected to enable a more flexible
data model, and to provide a simple means for adding new methods,
features, and visualizations. The application now supports instantaneous
visualizations of BMD values and GO term analysis; and instantaneous
filtration in conjunction with the familiar spreadsheet views providing
enriched browsing flexibility and insight into the data. It also allows the
user to perform bulk operations such as analysis and export to save time
and reduce user error. The new architecture behind BMDExpress 2.0 provides a platform to add new software features and analysis methodologies cleanly and quickly allowing the application to steadily improve
and address new technologies as they emerge. BMDExpress 2.0 now
constitutes an integrated toxicogenomic data analysis platform to easily
derive threshold doses for biological pathway activation.

toxic effects. The combination of these uncertainties makes risk assessment for botanicals a challenging task. Establishing safe botanical exposure levels in the absence of carcinogenicity and genotoxicity data,
which address the most sensitive endpoint becomes a critical and often
rate limiting step in botanical risk assessment. To support the presence
of single chemicals at low exposure levels in consumer products the TTC
based approach can be used in absence of full toxicological characterization (Blackburn et al. 2005). This approach can also serve as a basis for
deriving exposure limits for botanicals. The TTC decision tree approach
starts with the identification and evaluation of possible structural alerts
for genotoxicity and high potency carcinogenicity. This step applies an
exposure threshold of 0.15µg/person/day (Munro, 1996, Kroes, 2004).
We propose to extend the TTC approach to botanicals, relying on
this first TTC exposure limit of 0.15µg/day (0.0025 µg/kg bw/day) and
adjusting it based on the concentration of natural chemical constituents
of concern that are found in plants. An evaluation of over 50 genotoxic/
DNA reactive and carcinogenic chemical constituents found in plants
has been made and the concentration data from several hundred plant
species compiled (over 2300 observations). The distribution of the data
was modeled using a variety of statistical techniques with the Weibull
model providing the best fit. The concentration probability at the 95th
percentile for the concentration of chemical constituents of concern
in plants was used to adjust the TTC. When classical toxicological data
are lacking, we suggest using 15µg/day (0.25μg/kg bw/day) as a health
protective TTC exposure limit for botanicals and their simple extracts.

1830 Acrylamide Perturbs Calcium and Actin

Cytoskeleton Signaling in Rat and Mouse Cancer
Target Tissues

N. Chepelev2, R. Gagné1, T. Maynor2, C. A. Hobbs2, B. Kuo1, C. L.
Yauk1, and L. Recio2. 1Health Canada, Ottawa, ON, Canada; and
2Integrated Laboratory Systems, Research Triangle Park, NC.
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Acrylamide (AA) exposure leads to thyroid tumors in male F344 rats, and
lung and Harderian gland tumors in male B6C3F1 mice, in 2-year cancer
bioassays. We used RNA-sequencing to explore the mechanisms contributing to acrylamide-induced cancers in these rodents. Male F344/
DuCrl rats or male B6C3F1 mice were administered up to 24 mg AA/kg
bw-day through drinking water in five dose groups alongside controls
for 5, 15, or 31 days. Thyroid glands from rats, and lungs and Harderian
glands from mice were harvested. Extracted mRNA was sequenced at
10-20 million reads per sample by RNA-sequencing. Ingenuity Pathway
Analysis was used to explore the molecular perturbations induced by
AA and transcriptional benchmark doses (BMDs) were generated in
BMDExpress. Differentially expressed genes in both species provided
marginal support for the involvement of hormonal or DNA damage in
the carcinogenic mode of action (MOA) of AA. This was consistent with
equivocal results in the Pig-a mutation assay, and marginal changes in
serum thyroid hormone levels. Instead, there was a pronounced effect
on calcium signaling/cytoskeletal genes (e.g., actins, myosins, troponins)
in both species. Strikingly, for each tissue, calcium/actin cytoskeleton
signaling pathways were the top pathways affected by AA. Calcium signaling genes affected in all rodent tissues were also altered in some
human tumors (e.g., human thyroid follicular carcinoma), including
Parvalbumin (PVALB), a marker of malignant thyroid tumors in humans.
The lowest pathway transcriptional BMD values were within 2-fold of the
BMDs derived from analysis of cancer endpoints in the rodent bioassays.
These results demonstrate that AA perturbs calcium/actin cytoskeleton
signaling across tissues and species, providing greater confidence in this
as a novel MOA of AA carcinogenicity in rats and mice. The proposed
MOA is consistent with published effects of AA on cytoskeletal proteins,
and with well-documented perturbations of calcium levels in malignant
rodent and human tumors. Finally, good concordance between cancer
and transcriptomic BMDs, and insight into human relevance of these
findings, support the utility of toxicogenomics for human health risk
assessment. (This work was funded by SNF SAS and Health Canada funds)

1831 Threshold of Toxicological Concern (TTC) for

Botanicals–Data Analysis to Substantiate and
Extend the TTC Approach to Botanicals

McMillan4,

Kosemund2,

Mahony3,

Huber1,

D. A.
K.
C.
M.
and
P. Bowtell3. 1Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH; 2HFC Prestige Service Germany GmbH, COTY
Germany, Darmstadt, Germany; 3The Procter & Gamble Company,
Egham, Surrey, United Kingdom; and 4The Procter & Gamble
Company, Mason, OH.
The presence of botanicals in consumer products has become an
important consumer criterion for the purchase of specific product categories. Botanicals are complex mixtures of mostly unknown natural
chemical constituents and classical toxicological data are often lacking.
While some botanicals are used broadly by humans as food, flavors/
spices, or medicines, other botanicals are also known to cause various

1832 Permitted Daily Exposure (PDE) Values for

Pharmaceutically Active Cross-Contaminants
Based on Severity of Toxic Effects

F. L. Assem1, F. Tencalla1, T. Petry1, I. Nackaerts2, B. Mulier2, and P.
Jacques2. 1ToxMinds B.V.B.A, B-1200 Brussels, Belgium; and 2UCB
Pharma, 1420 Braine-l’Alleud, Belgium.
Health-based safe threshold values (PDEs) were developed to identify
risks at non-dedicated facilities posed by residual active substances
present in manufactured drug products as a result of cross-contamination. For most drugs a significant data package is available on the pharmacology, pharmacokinetics, toxicology and clinical trials, however,
interpreting and effectively utilizing such data (e.g. adverse effects
data in clinical trials and pharmacological effects in target subjects
with specific disease) within the context of cross-contamination risk
assessment is a challenge. Consistent selection of appropriate points
of departure for derivation of a safe level and consideration of associated toxicological effects, while always critical, comes into focus when
comparing and ranking PDEs based on severity of effects. To this end, a
clear and reproducible methodology for attributing a severity ranking to
a given contaminant, by taking into account the toxicology, was developed. PDEs based on animal toxicology data were selected, since these
studies are more standardised and therefore can be more consistently
compared. Both the value itself and type of effects were considered
in a matrix against five severity levels ranging from not significant to
catastrophic. In order to assign a PDE range to each severity level, PDE
values (ranging from > 4 (low) to < 0.004 (high) toxicity mg/kg/day) were
derived from NOAELs from typical doses used in guideline test protocols
for 90-day oral rat studies (i.e. ranging from <0.1 to >1000 mg/kg/day)
by applying an overall default assessment factor of 250 (to account for
sub-chronic exposure, extrapolation from rats to humans and inter-individual variability). Reference health values (e.g. DNELs, RfDs) for wellknown substances of low, medium and high oral toxicity were tested
within the matrix. The second dimension of the matrix relates to the
type of effects observed in the toxicity study used for PDE derivation i.e.
no effect (NOAEL was the highest dose tested) to severe effects (irreversible effects, relevant to humans). The result is a two dimensional matrix
into which a series of pharmaceutically active residues were ranked
according to the PDE and the severity of the associated toxic effect.

1833 Determining the Acceptability of Prior Cargos
in the Bulk Shipment of Food Commodity
Chemicals

C. M. Manning, D. A. Drechsel, B. Winans, F. Louie, K. Unice, and B.
E. Tvermoes. Cardno ChemRisk, San Francisco, CA.
Bulk transportation of food ingredients in non-dedicated vessels can
result in the presence of residual chemicals transported as prior cargo.
Currently, there is no specific guidance from US FDA as to what constitutes acceptable prior cargo in the bulk transport of many food ingredients. The standard four step risk assessment paradigm can be used
to assess the safety of unintended residual chemicals and establish
acceptable prior cargoes. To demonstrate this methodology, the impact
of shipping molasses in non-dedicated vessels was assessed because it
is one of the most commonly consumed food commodities shipped in

1834 Toxicity Evaluation of Chemical Impurities As

Potential Leachables from Apparatuses Used for
Parenteral Products

A. Hirose, M. Takahashi, M. Matsumoto, T. Kawamura, T. Yamada,
and A. Ishii-Watabe. National Institute of Health Sciences, Tokyo,
Japan.
Recently, we developed the general approaches to quality risk management for the application of the Single-Use Systems (SUS) in the manufacture of biologics. As one of the quality-related issues, risk assessment
and control of the chemical impurities are considered to be important for
quality risk management of biologics in order to avoid potential health
hazards by impurities. Because the leachables may include a variety of
chemicals from plastics products, which are used for parenteral products as packages or apparatuses including SUS products. Therefore,
comprehensive risk assessment methods for all the impurities that
might be introduced into the manufacturing process should be developed. We listed 168 extractables/leachables of the SUS from published
reports, and gathered toxicity information of these chemicals. As for a
genotoxicity evaluation, these chemicals were evaluated by three QSAR
softwares. Although eleven chemicals were predicted to be genotoxic
by at least one QSAR software, most of actual genotoxicity data for these
chemicals had been evaluated as negative or inconclusive by national
or public assessment reports. As for a general toxicity evaluation, we
estimated provisional PDEs for non-carcinogenic endpoints for 57 out
of 168 chemicals based on publicly available information. Only one
provisional PDE among the 57 chemicals was evaluated as below 150
µg/day. This threshold value of 150 µg/day is proposed by the Product
Quality Research Institute (PQRI) as no safety qualification threshold
from the viewpoints of general toxicity concern. The provisional PDEs in
this study were assessed based on the oral exposure, and therefore we
further evaluated oral bioavailability information about these chemicals.
Most of oral absorption rates of these chemicals seem to be higher than
50%. Therefore, the adaptation factor from oral thresholds to parenteral
thresholds for general toxicity may not be large. Acknowledgements: This
study was supported in part by a grant-in-aid for Research on Regulatory
Harmonization and Evaluation of Pharmaceuticals, Medical Devices,
Regenerative and Cellular Therapy Products, Gene Therapy Products, and
Cosmetics from AMED.

1835 Development of an Inhalation Unit Risk Factor
for Ethylene Dichloride

J. L. Myers. TCEQ, Austin, TX.
The Texas Commission on Environmental Quality (TCEQ) conducts
up-to-date carcinogenic assessments for chemicals emitted in Texas.
An inhalation unit risk factor (URF) was developed for ethylene dichloride (EDC, CAS 107-06-2) based on tumorigenicity results observed in a
2-year animal inhalation study conducted by Nagano et al. (2006). More
specifically, the incidence of combined mammary gland tumors (adenomas, fibroadenomas, adenocarcinomas) in female rats demonstrated
a statistically significant dose-response relationship, was amenable to

benchmark concentration (BMC) modeling, was ultimately determined
to be the most sensitive tumorigenic effect in the most sensitive species
and sex, and was utilized as the carcinogenic endpoint for the development of the URF. The 95% lower confidence limit of the BMC at the 10%
excess risk level (BMCL10 of 40.1 ppm) was determined for calculation of
the URF. The resulting URF based on increased incidence of combined
mammary gland tumors in female rats is 1.4E-02 per ppm (3.4E-03 per
mg/m3). The lifetime air concentration corresponding to a no significant
excess risk level of 1 in 100,000 is 0.71 ppb (2.9 µg/m3), which is considered sufficiently health-protective for use in protecting the general
public against the potential carcinogenic effects of chronic exposure to
EDC in ambient air.

1836 Exposure Thresholds for Dimethyl Sulfide
S. L. Ball1,2,, R. Nickle1, A. J. Prussia1, and E. Demchuk1. 1ATSDR,
Atlanta, GA; and 2Tufts University, Boston, MA. Sponsor: P. Ruiz.
Dimethyl Sulfide (DMS) is an industrial chemical transported in large
volumes to the sites of olefin plastic precursor production. It is a potent
irritant and may be life-threatening at accidental release. Health effects
caused by DMS depend on exposure concentration and duration. In the
present work, we followed the National Academy of Sciences methodology to develop exposure thresholds for 10 min, 30 min, 1h, 4h, and
8h. Using a database of the American Industrial Hygiene Association
as a starting point, tentative points of departure and associated uncertainty factors were identified. To these, a recently derived ATSDR concentration-time-extrapolation framework was applied, which complies
with a health-protective approach. The developed thresholds were
vetted against the database of clinical and animal health effects caused
by DMS. Using a category plot, it was found that at all durations the
exposure thresholds were positioned intermediary between the known
lowest-observed-adverse-effect and no-observed-adverse-effect levels.
Therefore, emergency responders and health assessors may consider
the developed thresholds as an adjunct to traditional risk assessment
practices when other information is unavailable.

1837 Provisional Advisory Levels (PALs) for
Dimethylamine (DMA)

S. Milanez2, M. McClanahan3, L. Koller1, and J. Lipscomb4.
1Environmental Health and Toxicology, Corvallis, OR; 2Oak Ridge
National Laboratory, Oak Ridge, TN; 3Retired: CDC, Atlanta, GA;
and 4US EPA, Cincinnati, OH.
PAL values developed for hazardous materials by the US EPA represent
general public emergency exposure limits for oral and inhalation exposures for 24-hour, 30-day, 90-day, and 2-year durations corresponding
to thresholds for effects defining three severity levels (1 = mild effects;
2= serious, irreversible or escape-impairing effects; and 3 = lethality or
life-threatening effects). PALs have not been promulgated nor have they
been formally issued as regulatory guidance, but are intended for use at
the discretion of risk managers in emergency situations when site-specific risk assessments are not available. PALs for DMA were derived using
the published SOP for PAL development. DMA is water-soluble, has a
pKa of 10.73, and is a high production volume chemical used as an intermediate in the manufacture of rubber, detergents, and acrylic fibers. It is
on the Toxic Release Inventory and is present in the air, drinking water,
and in many foods, and is a normal component of body fluids. DMA
vapor irritates the eyes, skin, and respiratory tract, and ingested DMA
corrodes the GI tract. Numerous internal organs and the CNS can be
affected following either exposure route at higher concentrations. There
are no guidelines for DMA oral exposures; or for inhalation exposures
beyond eight hours. The PAL protocol was applied to existing toxicity
data to characterize and define the risks from DMA exposures via air and
water. PALs values were developed using animal studies because no
appropriate human data were available; the non-lethal endpoints were
nasal and lung lesions. PALs were not recommended (NR) in some cases
due to insufficient data. Estimated oral PALs (mg/L of drinking water)
for 24-hour, 30-day, 90-day, and 2-year durations are, respectively: PAL
1 = 120, 120, 120, NR; PAL 2 = 780, NR, NR, NR; PAL 3 = 2300, NR, NR, NR.
Estimated inhalation PALs (ppm) for the same durations are: PAL 1 =
0.50, 0.50, 0.50, 0.060; PAL 2 = 5.0, 0.89, 0.89, 0.89; PAL 3 = 67, NR, NR, NR.
The views expressed in this paper are those of the authors and do not necessarily reflect the views or policies of the Agency. Mention of trade names or
commercial products does not constitute endorsement or recommendation
for use.
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bulk in the US. Acceptable residual chemical concentrations were estimated for benzyl alcohol, monochlorobenzene (MCB) and n-heptane.
Maximum acceptable residue concentrations for these chemicals were
calculated using the estimated dietary intake of molasses and healthbased guidance values and toxicity thresholds identified for benzyl
alcohol, MCB and n-heptane. Health risk-based residue concentrations
for benzyl alcohol, MCB and n-heptane were calculated in adults to be
162 ppm, 28 ppm, and 3,280 ppm, respectively. For benzyl alcohol and
n-heptane, maximum acceptable residue concentrations were limited
to 100 ppm as concentrations above this value are not expected and
would not be considered trace contaminants. In addition, the potential
for the detection of an undesirable odor associated with the presence
of benzyl alcohol, MCB and n-heptane in molasses was considered. For
n-heptane, it is possible that a gasoline-like odor may be detected at
residual levels < 1 ppm. For MCB, an almond-like odor may be detected
at residual levels < 4 ppm. For benzyl alcohol, the detection of an undesirable odor in an industrial setting at residual concentrations < 100
ppm was considered unlikely. In total, benzyl alcohol and n-heptane
were considered acceptable prior cargo from a human health perspective because the maximum acceptable risk based residue level for each
of these two chemicals was > 100 ppm. However, given the low odor
threshold and unpleasant gasoline-like odor for n-heptane, it was considered not to be an acceptable prior cargo. MCB was not considered
acceptable prior cargo due to the potential for increased adverse health
effects at residual levels < 100 ppm and an aromatic odor detection limit
in residues < 4 ppm. This case study highlights how the risk assessment
paradigm can be used to develop a list of acceptable prior cargo chemicals.

1838 Risk Values and Exposure Guidance for Ethylene
Glycol Monopropyl Ether, a High-Production
Volume Chemical

A. H. H. Kyakulaga2,1,, and J. C. Lipscomb3. 1Makerere University,
Kampala, Uganda; 2University of Louisville, Louisville, KY; and 3US
EPA, Cincinnati, OH.
Ethylene glycol monopropyl ether (EGPE; 2807-30-9) is a high production volume chemical used as an industrial solvent and found at
many Superfund sites, without reference or guideline values for oral or
inhalation exposures. Differential abilities to identify, characterize and
restrict exposure of the population, differences in potential exposure
durations, and the intended use of risk values substantially impact the
evaluation of data and identification of effects and points of departure (POD). Reference Concentration (RfC) values are developed for
the entire population, assuming a continuous, lifetime exposure. EPA’s
National Homeland Security Research Center (NHSRC) developed the
Provisional Advisory Levels (PALs) program to protect emergency
responders, to estimate the type and number of effects seen following
an unprotected exposure, and to guide decisions for re-entry of contaminated areas and re-use of infrastructure following emergency release
incidents. The tiered system of PALs values is derived on the basis of a
protocol adapted from Acute Exposure Guideline Level (AEGL) protocol
for inhalation exposures, covering both the inhalation and oral routes,
and exposures beyond eight hours. Lacking human dose response data
for EGPE, inhalation and oral data from rats, mice and rabbits for acute,
gestational and subchronic exposures identified potential effects and
points of departure for risk value development. EGPE produced toxicity
characteristic of glycol ethers. Estimated oral PALs (mg/L of drinking
water) for 24-hour, and 30-day durations are, respectively: PAL 1 = 2.0,
1.4; PAL 2 = 2.5, 2.5; PAL 3 = 7.5, 5.6. Estimated inhalation PALs (ppm)
for the same durations are: PAL 1 = 0.51, 0.37; PAL 2 = 0.67, 0.73; PAL
3 = 2.0, not recommended. Developmental and subchronic inhalation
studies identified potential critical effects and POD values for estimating
a chronic RfC of 0.0059 ppm. Values like these would be useful in establishing recommendations for exposures and in estimating the consequences from human exposures to EGPE. The views expressed in this
paper are those of the authors and do not necessarily reflect the views or
policies of the Agency.
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Cr(VI): Integration of Mode of Action,
Pharmacokinetics, and Dose-Response Modeling

C. Thompson3, C. Kirman1, M. Suh4, D. Proctor4, L. Haws2,
M. Harris3, and S. Hays1. 1Summit Toxicology, Bozeman,
MT; 2ToxStrategies, Austin, TX; 3ToxStrategies, Katy, TX; and
4ToxStrategies, Mission Viejo, CA.
In 2008, the NTP finalized a 2-year drinking water study in F344 rats and
B6C3F1 mice exposed to up to 180 ppm hexavalent chromium [Cr(VI)].
To better inform risk assessment of the neoplastic and nonneoplastic
outcomes observed in the 2-year study, a research effort was undertaken to investigate the mode of action (MOA) and pharmacokinetics of
orally ingested Cr(VI). MOA data, including that from genotoxicity assays
in target tissues, provides support for nonlinear risk assessment of neoplastic lesions. In addition, newly developed rodent and human PBPK
models indicate nonlinear pharmacokinetics for Cr(VI) disposition also
supports nonlinear risk assessment approaches for both neoplastic and
nonneoplastic lesions. To facilitate critical effect selection, we modeled
nonneoplastic lesions selected in the US EPA draft assessment on Cr(VI).
The two most sensitive tissues identified by EPA were the liver (in mice
and rats) and the small intestine (mice). Based on MOA information and
PBPK models, these lesions were modeled using internal dose metrics
relevant for each tissue (i.e., the amount of Cr(VI) entering the intestinal mucosa and blood chromium levels). BMD/L10 values were derived
based on internal dose metrics in rodents, and human PBPK models
capable of accounting for lifestage and health-related differences in
Cr(VI) disposition were used to compute the lifetime average daily dose
leading to the same internal dose metric. After applying a 30-fold composite UF, preliminary RfDs based on chronic inflammation in the rat
liver and histiocytic infiltration in the mouse liver were 0.001 and 0.002
mg/kg-day, respectively. The preliminary RfD based on diffuse epithelial
hyperplasia in the mouse small intestine was 0.003-0.004 mg/kg-day.
These RfD values roughly equate to 32-128 ppb Cr(VI) in drinking water.
Notably, the BMDL10 values for intestinal hyperplasia were more than
10-fold lower than for intestinal cancer regardless of whether male and
female mice were modeled individually or combined. These findings are
in agreement with the MOA indicating that protection against nonneoplastic lesions protects against intestinal cancer.

1840 Does Hexavalent Chromium in Welding Fumes
Cause Increased Lung Cancer Risk in Stainless
Steel Welders?

L. A. Bailey, T. Lam, M. K. Peterson, and B. D. Beck. Gradient,
Cambridge, MA.
Inhalation of hexavalent chromium (CrVI) is associated with increased
lung cancer risk in several occupations, most notably chromate production workers. While stainless steel (SS) welders are also exposed
to CrVI in welding fumes, there appears to be no confirmed association between exposure to CrVI in welding fumes and lung cancer. To
evaluate the evidence for an association between CrVI in SS welding
fumes and lung cancer risk, we performed an integrated analysis using
different sources of information. We analyzed welding epidemiology
studies that evaluated: 1) lung cancer risk in SS welders; and 2) potential
differences in lung cancer risks among SS welders (exposed to welding
fumes containing CrVI) compared to mild steel (MS) welders (exposed
to welding fumes containing very little CrVI), also considering the adequacy of control for smoking, a known risk factor for lung cancer. To
better understand potential differences in the mode of action for CrVIinduced lung cancer in chromate workers compared to SS welders, we
analyzed: 1) differences in particle solubility for CrVI from chromate
production in comparison to CrVI from SS welding fumes; and 2) the
extent to which the specific occupational CrVI exposure leads to respiratory tissue damage. Overall, the epidemiology evidence fails to show
an elevated risk for lung cancer incidence or mortality among SS welders
compared to MS welders, suggesting that CrVI is not the etiologic agent
for increased lung cancer risk in welders in general. The evidence also
suggests an association between respiratory tissue damage and lung
cancer for chromate workers, and minimal respiratory tissue damage
for SS welders. We propose that the difference between the presence
of CrVI-related lung cancer risk in chromate workers and its apparent
absence in SS welders may be due, in part, to exposure to more soluble
forms of CrVI from welding fumes compared to less soluble forms of
CrVI particulates from chromate production, and to a greater extent of
respiratory tissue damage from chromate production versus SS welding.

1841 Oral Risk Assessment and Acceptable Drinking
Water Levels for the High Production Volume
Plasticizer Diethylene Glycol Dibenzoate

K. D. Cox, V. Bhat, and J. C. English. NSF International, Ann Arbor,
MI.
General population exposure to diethylene glycol dibenzoate (DEGDB)
may occur from the widespread use of this non-phthalate plasticizer in
polyvinyl resins, adhesives, elastomers and latex caulks and sealants,
some of which have drinking water contact applications. Exposure to
DEGDB can also occur through ingestion of food as DEGDB is permitted
as an indirect food contact substance. An oral risk assessment was undertaken to establish allowable drinking water levels. Absent any human
health effect data, hazard identification relied on laboratory animal data,
which identified treatment-related effects after oral DEGDB exposure
including weight loss, anemia, hepatic effects as well as decreased fetal
and pup weights. In a subchronic feeding study in CD rats, significant
decreases in body weights were seen at ≥1750 mg/kg-day in addition
to hemosiderosis, reduced erythrocyte parameters and liver effects at
2500 mg/kg-day. Two other subchronic feeding studies examining the
toxicity of DEGDB in animals reported no adverse effects at the highest
doses tested in either CD rats (1000 mg/kg-day) or Beagle dogs (451
mg/kg-day). In a two-generation reproductive toxicity study (dietary) in
Sprague-Dawley rats, no adverse effects were reported in the parental
animals or in any of the reproductive parameters evaluated up to the
highest dose tested (980 mg/kg-day); however, a significant decrease
in body weight gain (-13%) in F2 offspring from birth to weaning was
reported at the high-dose resulting in a developmental NOAEL of 324
mg/kg-day. In the absence of maternal effects, a slight, but significant,
decrease in fetal weight in addition to increased incidences of incomplete ossification and cervical ribs were reported at 1000 mg/kg-day in a
developmental toxicity study (gavage) in Sprague-Dawley rats. The generalized toxicity as evidenced by reduced body weight gain in F2 pups
was selected as the critical effect with a resulting Human Equivalent
NOAEL of 75 mg/kg-day. Using a total uncertainty factor of 300x (3x
interspecies, 10x intraspecies, 3x subchonic, 3x database), an oral RfD
of 0.25 mg/kg-day was determined for DEGDB. The resulting Total
Allowable Concentration in drinking water was 2 mg/L.

1842 Derivation of an Oral Reference Dose for a

1844 A Bounding Approach for Reference Dose

Z. Guerrette1, K. Licko3, and M. Whittaker2. 1ToxServices LLC, Ann
Arbor, MI; 2ToxServices LLC, Washington, DC; and 3Water Quality
Association, Lisle, IL.

H. M. Bolstad1, R. Woods2, and L. Lim2. 1CalEPA, Oakland, CA; and
2CalEPA, Sacramento, CA.

Propanoic acid, 2-methyl-, 1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester (CAS #74381-40-1) is used as a plasticizer in PVC and has
been detected in drinking water. In order to assess health risks following
oral exposure, we derived a reference dose (RfD). Due to the incomplete
health effects dataset for this chemical, we utilized data for a surrogate,
2,2,4-trimethyl-1,3-pentanediol diisobutyrate (CAS #6846-50-0), also
used as a plastic additive. The toxicological dataset for the surrogate
includes three subchronic studies in rats, one subchronic study in dogs,
a combined repeated dose and reproduction/developmental screening
test, a reproduction/developmental toxicity screening test, and a prenatal developmental toxicity test, all in Sprague-Dawley rats utilizing
the oral route. Sensitive endpoints from subchronic studies included
renal nephropathy in male rats. However, these effects were associated
with accumulation of alpha 2u-globulin, a male rat-specific protein not
relevant to humans. Treatment-related effects for the remaining studies
include decreased total number of implants, litter weights, and number
of live pups on postnatal day 4 in the reproduction/developmental toxicity screening test (NOAEL = 91 mg/kg/day) and decreased mean fetal
body weight in the prenatal developmental toxicity test (NOAEL = 343
mg/kg/day). The NOAEL of 91 mg/kg/day was selected as the point of
departure followed by calculation of a human equivalent dose (HED)
of 23 mg/kg/day using the BW3/4 scaling approach. Based on negative
mutagenicity and clastogenicity studies, calculation of an RfD for the
surrogate was deemed appropriate for the target chemical. A combined uncertainty factor of 1,000x was applied: 3x (UF-interspecies), 10x
(UF-intraspecies), 3x (UF-Subchronic to chronic), and 10x (UF-Database
deficiencies). An oral RfD was calculated as the quotient of the HED and
combined UF and equals 0.02 mg/kg/day for the target chemical. This
oral RfD can be used to derive a drinking water action level for propanoic acid, 2-methyl-, 1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl
ester.

1843 PBPK Model of Pregnancy: Impact of

Physiological and Biochemical Changes on DataDerived Extrapolation Factors for Chlorpyrifos

Poet2,

Bartels3,

Juberg1. 1Dow AgroSciences,

T. S.
M. J.
and D. R.
Indianapolis, IN; 2Summit Toxicology, Richland, WA; and
3Toxmetrics, Midland, MI.

A physiologically based pharmacokinetic and pharmacodynamic (PBPK/
PD) model has been used to calculate data-derived extrapolation factors
(DDEF) for chlorpyrifos (CPF) exposures across life-stages and in men
and women. DDEF have been proposed by the US EPA to replace default
uncertainty factors with data-informed factors to improve risk assessments. The CPF PBPK model accounts for inter-individual differences
in physiology and biochemistry using Monte Carlo techniques and predicts the endpoint at the point of departure (10% RBC cholinesterase
inhibition) in humans, obviating the need for inter-species extrapolation. The model has been used to develop DDEF in infants, adults, and
men, but the model has not yet been used to apply DDEF in women of
childbearing age. Polynomial equations have been added to describe
pregnancy, just as they have been for life-stages. The model successfully
describes differences in relevant physiology, resulting in overall changes
matching reported body weight and hemodynamics across gestation.
Pregnancy-specific fetal, uterine, and placental compartments increase
from negligible change to up to 4 kg during pregnancy; fat and other
tissues also increase in mass. Hematocrit, which is important relative
to RBC cholinesterase inhibition, declines slightly. Bioactivation and
detoxification, important aspects of RBC cholinesterase inhibition, are
described based on CYP450 and PON1 esterase changes during pregnancy. After 20,000 Monte Carlo model runs, the RBC cholinesterase
inhibition in the median woman in the 9th month of pregnancy occurred
at a slightly lower dose than predicted for non-pregnant women or
combined men and women (0.39 mg/kg vs 0.46mg/kg oral dose in
non-pregnant women). However, the dose leading to 10% RBC inhibition in the most sensitive (1st percentile) individuals in the populations
were not different (0.16 mg/kg vs 0.14 mg/kg oral dose in a non-pregnant women). The resulting DDEF (Median/1st percentile) were 3.4 in
non-pregnant adults and 2.9 in pregnant women. These data support
that CPF risk assessments for the general population are protective of
other lifestages, such as pregnancy.

Estimation Using Human, Animal, and HighThroughput Data: Chlorpyrifos As a Case Study

The ideal in human health risk assessment for chemicals is to derive
reference doses (RfDs) from human data. Where this is possible, alternate data streams (e.g., from laboratory animals or high throughput in
vitro studies) are considered supplementary even though these data
sources can strengthen the risk assessment. We sought to determine
how consideration of these alternate streams could be used to bound
RfDs derived from human data using chlorpyrifos (CPF) as a case study.
CPF is a broad-spectrum organophosphate insecticide which is oxidized
in vivo to CPF oxon. CPF oxon inhibits the enzyme acetylcholinesterase
(AChE), thereby disrupting cholinergic transmission. The toxicity database for CPF is extensive and includes controlled human intentional
dosing studies, epidemiological studies, laboratory animal studies, and
high throughput in vitro ToxCast data. The main concern with CPF exposure is developmental neurotoxicity observed in both animal and epidemiological studies, thus underlining the need for health protective
RfD estimation. Acute and steady-state oral RfDs based on inhibition
of red blood cell (RBC) AChE were previously derived by the US EPA
using a human physiologically-based pharmacokinetic-pharmacodynamic (PBPK-PD) model. This model was built and validated with data
from controlled human dosing studies. We derived points of departure
(PODs) from the animal database and evaluated the ToxCast database.
We confirmed that RBC AChE inhibition was the most sensitive adverse
endpoint observed in the animal studies. However, when combined
with the default interspecies uncertainty factor (UF) of 10, the animal
PODs for RBC AChE inhibition were one to two orders of magnitude
lower than those derived from the human PBPK-PD model. This difference could be used to guide the selection of UFs for the RfDs from the
PBPK-PD model. While none of the ToxCast assays were conducted in
neural tissues, human AChE was 3-fold more sensitive than rat AChE
to the inhibition by CPF oxon, suggesting that humans could be more
sensitive to RBC AChE inhibition. In conclusion, consideration of these
alternate data streams in the context of human data allowed for the
bounding of RfDs based on human data and provided information
useful in UF selection.

1845 Approaches to Chlorpyrifos Points of Departure
Selection for Risk Assessment

M. Silva, P. Lohstroh, and S. Koshlukova. CalEPA, Sacramento, CA.
Chlorpyrifos (CPF) is an organophosphate that is toxic by cholinesterase
inhibition (ChEI) in the central and peripheral nervous systems by the
CPF-oxon metabolite. USEPA established critical endpoints for human
exposure to CPF based on its inhibitory effects on AChE activity. In their
2006 and 2011 human health risk assessments, USEPA used results from
rat studies to establish points of departure (PoD) based on 10% red
blood cell (RBC) ChEI. In 2014 USEPA used RBC ChEI as the basis of their
PoDs but used human derived values from validated Physiologically
Based Pharmacokinetic Pharmacodynamic (PBPK-PD) modeling. There
is mounting evidence of neurodevelopmental effects in humans at
exposures lower than those inhibiting ChE which raised concerns about
using ChEI based PoDs. The California (CA) Dept. Pesticide Regulation
Human Health Assessment Branch reviewed the CPF database to establish PoDs for human risk from dietary and spray drift exposures. Our
analysis of animal and human data indicated that neurodevelopmental
endpoints are more sensitive than AChEI. We also evaluated USEPA’s
PBPK-PD model for CA specific CPF PoD determinations. Most data for
model input were from human studies and bootstrapping methods
were used to maximize data when there were few human samples. The
10% RBC AChEI (individual/age/gender) simulations were based on reallife CA CPF/CPFoxon exposure scenarios (oral, dermal, and inhalation)
for workers and bystanders (adult and child) and with use of human
data the interspecies uncertainty factor (UF) is 1. The PBPK-PD model
could not be used to refine the default intra-species UF because it did
not account for physiological changes in pregnancy or genotypic/phenotypic variability and because it relied on a small sample of tissues
from human cadavers to represent life-stage metabolic variations of
the general population. Therefore, a 10-fold intraspecies UF was necessary. Also, since the PBPK model was based on RBC AChEI, an additional
10-fold UF was needed to address the CPF neurodevelopmental toxicity.
We concluded that sufficient data were not available to establish PoDs
based on CPF neurodevelopmental effects. However, human PoDs from
PBPK-PD AChEI may be used to estimate the risk from CPF exposures in
CA if uncertainties associated with the model and database deficiencies
are addressed with appropriate UF.
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1846 Male Mouse Liver Tumor Mode-of-Action
Analysis for the Herbicide Bromoxynil

N. Ryan1, D. Geter1, and N. Hallmark2. 1Bayer, CropScience Division,
Research Triangle Park, NC; and 2Bayer, CropScience Division,
Sophia Antipolis, France.
Bromoxynil acts as a broad-leaf herbicide by inhibiting the second light
reaction of photosynthesis and uncoupling oxidative phosphorylation. Bromoxynil was shown to produce liver tumors in male mice, but
not female mice or rats of either sex in carcinogenicity bioassays. The
combined incidence of adenomas and carcinomas was 8.3, 27, 20, and
38% respectively at 0, 3.1, 12, and 46 mg/kg/day bromoxynil respectively; with the low and top dose groups being statistically significant.
A weight-of-evidence IPCS cancer framework evaluation of bromoxynil
showed induction of the peroxisome proliferator-activated receptor
alpha (PPARα) as the most likely mode of action (MOA) responsible for
these tumors. Positive in vitro PPARα transactivation assays showed
bromoxynil initiated the first tumorigenic key event of receptor activation. The second key event, altered cell growth pathways, was identified
using microarray analysis from male mice exposed to 68 mg/kg/day bromoxynil for 7 or 14 days showing several significant changes in fatty acid
β-oxidation pathways, inhibition of retinoid X receptor function, and cell
cycle control of chromosomal replication. PPARα-related alterations in
these pathways often result in hypertrophy and increased liver weight,
the latter being consistently elevated after bromoxynil repeat-dosing
at ≥13 mg/kg/day. The third key event, increased hepatocellular proliferation, was increased 22-fold after two weeks at doses of >13 mg/kg/
day. The fourth key event, preneoplastic liver foci, was seen in roughly
10% of male mice exposed to >11 mg/kg/day bromoxynil for 18 months.
Alternative MOAs were evaluated and none appeared to play a significant role in bromoxynil-induced mouse liver tumors. Expert reviews of
PPARα-induced rodent liver tumors have concluded such tumors are
not quantitatively relevant to humans. In conclusion, the weight of evidence supports induction of PPARα as the most likely MOA responsible
for liver tumors seen in bromoxynil exposed male mice.

1847 Risk Assessment Analysis of the Succinate
Dehydrogenase Inhibiting Fungicides
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D.
and K. D. Yi2. 1Bayer, CropScience Division, Research
Triangle Park, NC; and 2Syngenta Crop Protection, LLC,
Greensboro, NC.
Geter1,

According to the Fungicide Resistance Action Committee, there are 18
fungicides with the pesticidal mode of action (MOA) involving disruption of mitochondrial respiration by succinate dehydrogenase inhibition
(SDHI). Of these, 13 have publicly available assessments either by the US
EPA or the European Food Safety Authority. Ten of these 13 SDHIs have
been registered since 2011. Of the 7 SDHIs for which an acute assessment was performed, 86% (6/7) used the acute neurotoxicity study to
set the point of departure (POD). The average acute POD was 55 mg/
kg, with a range of 10 - 125 mg/kg. For the chronic risk assessment, 69%
(9/13) used the rat chronic/carcinogenicity study to derive a POD, with
the remaining 31% (4/13) used a POD from either the rat 2-generation or
dog chronic study. The average chronic POD was 23 mg/kg/day with a
range of 1.2 - 87 mg/kg. Cancer was observed for 7 of 13 SDHIs, with the
primary occurrence being liver and thyroid tumors. Of the 7 SDHIs that
produced tumors, the occurrence was 100% (7/7) in rat and 43% (3/7)
in mouse. A weight-of-evidence evaluation for the SDHIs with available
cancer framework, published literature, or regulatory studies (bixafen,
fluopyram, fluxapyroxad, isopyrazam, and penflufen) shows induction of
liver detoxification and conjugation enzymes following activation of the
CAR and PXR nuclear receptors leading to sustained hepatocellular proliferation. This latter event does not occur in human cells, and thus this
MOA is considered not relevant to humans. The likely MOA responsible
for SDHI-induced thyroid tumors was through an indirect mechanism of
enhanced hepatic clearance of thyroid hormones following activation of
CAR and PXR. Thus, SDHI fungicides are not direct-acting thyroid compounds. Brain, ovary, and uterine tumors have been observed for a few
SDHIs, but the tumorigenic MOA for these are unknown. This analysis
shows that the SDHI fungicides share certain acute, chronic, and cancer
risk assessment characteristics.

1848 Evaluating the Impact of US EPA’s Proposed

Blood Lead Model Revisions on Soil Remedial
Levels

M. Seeley, R. L. Mattuck, and B. D. Beck. Gradient, Cambridge, MA.
Draft In 2012, the CDC recommended that blood lead levels (BLLs)
should be benchmarked to a reference value, equal to the 97.5th percentile BLL from the National Health and Nutrition Evaluation Survey, rather
than the 10 μg/dL "level of concern." The reference value was 5 μg/dL in
2012. CDC’s recommendation, based on the determination that there is
no safe level of lead, has implications for managing lead exposure, such
as establishing soil Regional Screening Levels (RSLs). EPA developed its
current RSL for lead in residential soil (400 mg/kg) using the Integrated
Exposure, Uptake and Biokinetic (IEUBK) model, as a concentration at
which the predicted probability of exceeding a BLL of 10 μg/dL is 5%.
EPA has not yet updated its RSL for lead to reflect the 2012 reference
value, as well as proposed revisions to other IEUBK inputs, although EPA
has indicated it will do so. These revisions include increases in ventilation rate, dietary exposure, and water consumption, and decreases in
maternal BLL, water lead concentration, soil and dust ingestion rate, and
the modeled age range. EPA has also indicated it will revise the soil-dust
transfer factor (MSD) to a value between 0.4 and 0.8 (higher or lower
than the current default of 0.7). Predicted geometric mean BLLs are sensitive to the MSD, while the probability of exceeding the target BLL is
sensitive to the geometric standard deviation (GSD) of the BLL distribution. Although EPA has not proposed a new GSD value, distribution of
BLLs could plausibly differ at target BLLs of 10 vs. 5 μg/dL. We evaluated
the impact of EPA’s proposed revisions to the IEUBK model, along with a
range of GSDs, on RSLs. We calculated RSLs for MSDs of 0.4, 0.6, and 0.8,
and GSDs of 1.5, 1.6, and 1.7 (within 0.1 μg/dL of EPA’s current value of
1.6) as a concentration at which the probability of exceeding a BLL of 5
μg/dL is 5%. The calculated RSLs ranged from 165 mg/kg (for an MSD of
0.8 and a GSD of 1.7) to 315 mg/kg (for an MSD of 0.4 and a GSD of 1.5).
Holding the GSD at EPA’s current value of 1.6, the calculated RSLs were
195, 225, and 265 mg/kg for MSDs of 0.8, 0.6, and 0.4, respectively. Our
analysis demonstrates that if EPA updates its RSL according to proposed
IEUBK model revisions, the RSL would be well below the current RSL.
This will have implications for remediating sites with lead contamination, particularly in many older cities, where soil lead concentrations
frequently exceed the RSLs calculated in our analysis. \\camfs\G_Drive\
Projects\MRS\SOT\SOT_2017\Abstract_2017.docx

1849 Use of Physiologically Based Pharmacokinetic
(PBPK) Models in the Derivation of Reference
Doses and Drinking Water Equivalents
for Perflurooctanoic Acid (PFOA) and
Perfluorooctane Sulfonate (PFOS)

A. E. Loccisano. Exponent, Alexandria, VA.
Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS)
are man-made chemicals that have been used in many consumer and
industrial products, and due to their stability, are now found to be
widespread in the environment and serum of the general population.
In order to quantify the health risks associated with chronic chemical
exposures, reference doses (RfDs) are often developed, which can then
be converted to drinking water equivalent levels (DWELs) if drinking
water is a potential exposure source. To develop RfDs and DWELs for
PFOA and PFOS, interspecies PBPK models were applied to perform
cross-species dosimetry. Previously developed and validated adult and
life stage models for rats, monkeys, and humans were used to simulate exposure and estimate internal dose metrics for PFOA and PFOS
in adults, pregnant and lactating women, and the fetus and neonate.
Endpoints from subchronic, chronic, developmental, and reproductive
toxicity studies were used in the derivation of RfDs and DWELs. The
animal models were used to simulate internal dose metrics associated
with the reported no-observed adverse effect levels (NOAELs), which
were then adjusted by uncertainty factors (UFs) to obtain the target
internal dose metrics in the human; human models were then run to
obtain the external dose associated with the target internal dose metric.
Use of PBPK models allowed for a tissue-based approach (rather than
the traditional external exposure approach), which incorporates data
on differences in pharmacokinetics across species and life stages, and
allowed for reduction of UFs in the adjustment of the NOAELs from the
animal studies. Model-derived RfDs for PFOA ranged from 17 to 2800
ug/kg/day; DWELs ranged from 243 to 2.0e5 ug/L. RfDs for PFOS ranged
from 52 to 145 ug/kg/day, and DWELs ranged from 1250 to 10000 ug/L.
As RfDs for developmental endpoints were lower, they would be protective against other endpoints. Model-predicted serum levels associated
with the RfDs were above those reported in biomonitoring studies and

1850 Meta-Analysis of Dose-Response Relationships

from Epidemiology Studies for Risk Assessment:
A Case Study of Trans Fats and Coronary Heart
Disease

K. Zu, X. Liu, and J. E. Goodman. Gradient, Cambridge, MA.
Scientific bodies and regulatory agencies conduct hazard and risk
assessments to make causal determinations and regulatory decisions
regarding chemical health effects. These analyses frequently rely on
animal toxicity studies for dose-response and risk determinations, but
observational epidemiology studies have factored more prominently
in some recent assessments. Such studies provide direct information on
exposures and potential risks in humans. However, in most cases, only
aggregated data (i.e., data for groups and not individuals) are available
from published studies, which limits their use in risk assessments. We
present here an analytical approach that allows such data to be used
for dose-response and risk assessments. Using trans fats and coronary
heart disease (CHD) as a case study, we conducted a meta-analysis of
linear and non-linear dose-response relationships, a method that integrates aggregated data across a number of published epidemiology
studies. We identified eight large-scale prospective cohort studies that
reported dose-response data with multiple categories of dietary trans
fat intake and pooled their results. In the primary linear dose-response
analyses, a 0.25% of total energy increment in daily trans fat intake was
associated with a 1.7% increase in CHD risk overall. The increase in risk
appeared to differ slightly by sex: women and men were 1.5% and 2.5%
more likely to develop CHD, respectively, if they increased their daily
trans fats intake by 0.25% of total energy. When restricted to studies
conducted in the US, the pooled slope was similar to that from the
primary analysis. In the non-linear approach, we used cubic splines with
three knots to model trans fats intake, but the non-linear model was not
statistically significantly different from the linear model (p for non-linearity = 0.6). Compared to conventional dose-response analyses using
animal toxicity data, this method provides quantitative information that
directly reflects exposure levels and health risks in humans. It also does
not require individual-level human data, which are often not available.
Given the growing role of epidemiology evidence in risk assessments
and regulatory decision-making, this powerful analytical method can be
used when published epidemiology data are the best data available for
dose-response analyses.

deriving mammalian UFs represents a robust alternative to application
of default values for ingredients in cleaning products and other chemical classes. This approach can also support data dossier development
(e.g., read across) and screening-level hazard assessment when toxicity
data is unavailable for specific chemicals.

1852 The Impact of Study Durations on Points

of Departure in Chemical Risk Assessment:
Implications for 28-Day to 90-Day Extrapolation

B. Lampe, E. Fuller, and J. C. English. NSF International, Ann Arbor,
MI.
In many regulatory paradigms, a subchronic oral repeated dose study
is a necessary component of safety information needed for chemical
substances with long-term human exposure potential. The added
value of a 90-day study relative to a 28-day study is unclear, and to
date, no extrapolation factor for a 28-day to 90-day extrapolation has
been widely adopted. In this analysis, 28-day and 90-day oral repeat
dose studies cited in 85 peer-reviewed risk assessments conducted by
NSF International, and in 75 Agency for Toxic Substances and Disease
Registry (ATSDR) Toxicological Profiles, were assessed to identify potential “study pairs” from which to derive ratios of No Observed Adverse
Effect Levels (NOAELs), i.e. (NOAELsubacute/NOAELsubchronic). These study
pairs were matched based on common test substance, species, and
route of exposure; differing only in study duration. Additionally, each
study must have identified both a NOAEL and a Lowest Observed
Adverse Effect Level (LOAEL). We identified 34 study pairs among 18
substances that met the above criteria and contained studies of sufficient quality to be included in the analysis, while 23 of these 34 study
pairs had common critical effects relevant to the known target organ(s).
The common effects included changes in hematological, clinical chemistry, organ weight, and endocrine parameters. The NOAEL ratios calculated from the 23 study pairs with common critical effects ranged from
0.1 to 13.3 with a geometric mean and geometric standard deviation of
1.5 and 4.2, respectively. The corresponding NOAEL ratios from all 34
identified study pairs (regardless of commonality of critical effect) had
the same range with a geometric mean and standard deviation of 1.2
and 5.5, respectively. Similar published studies that evaluated NOAEL
ratios have identified geometric means ranging from 1.5 to 3.3. The
results suggest that the 28-day studies do not consistently predict critical effects or target sites in common with those observed in 90-day
studies. Including study pairs with disparate critical effects decreased
the mean NOAEL ratio; however, ratio variability remains large, and
would need to be accounted for in any 28-day to 90-day study extrapolation to derive health protective risk values. The second phase of this
analysis includes study pairs being identified from additional ATSDR
Toxicological Profiles and the US EPA’s Provisional Peer Reviewed
Toxicity Values for Superfund assessments.

1851 Derivation of Novel Uncertainty Factors for

Health Risk Assessment: Application to Cleaning
Product Ingredients

Z. Wang2, C. Scott2, E. S. Williams2, M. Ciarlo3, P. DeLeo1, and B. W.
Brooks2. 1American Cleaning Institute, Washington, DC; 2Baylor
University, Waco, TX; and 3EA Engineering, Baltimore, MD.
Uncertainty factors (UFs) are commonly used by risk assessors to complement incomplete knowledge and inherent uncertainties, including
extrapolations among mammals. In human and other mammalian
studies, default values (e.g., 10-fold) are routinely used for intra- and interspecies variability. In fact, UFs are common in regulatory guidelines and
hazard and risk assessment practice. Whether default UFs are sufficient
for various chemical uses or specific chemical classes remains understudied, particularly for ingredients in cleaning products. Therefore, we
systematically examined publically available acute median lethal dose
(LD50), and reproductive/developmental no-observed-adverse-effect level (NOAEL) and lowest-observed-adverse-effect level (LOAEL)
values for the rat model (oral) from the Cleaning Product Ingredient
Safety Initiative database. We employed a probabilistic chemical toxicity distribution (CTD) approach to identify likelihoods of encountering
acute, subacute, subchronic and chronic toxicity thresholds for specific
chemical categories and all available ingredients in cleaning products.
For each CTD, threshold levels (95% CIs) were identified at 1st, 5th, 10th,
50th, 90th, 95th, and 99th percentiles by the log-normal model. We then
specifically identified UFs for: 1) acute (LD50s)-to-chronic (reproductive NOAELs) ratios (ACRs), 2) acute (LD50s)-to-chronic (developmental
NOAELs) ratios (ACRs), 3) LOAEL-to-NOAEL ratios considering chronic/
subacute reproductive, and subacute/acute developmental responses.
These ratios (95% CIs) were calculated from the pairwise threshold levels
at different percentiles by using Monte Carlo techniques to identify
UFs for all ingredients in cleaning products. Based on data availability,
chemical category-specific UFs were also identified for Inorganic Acids
and Salts and Aliphatic Alcohols, respectively. Our novel approach for

1853 Commitment to the 3Rs: A Framework to
Establish Chronic Reference Doses with
Subchronic Data

Z. J. Yan, D. Wang, and R. J. Rasoulpour. Dow AgroSciences,
Indianapolis, IN.
Toxicity testing of plant protection products (PPPs) requires a comprehensive battery of short- and long-term animal studies in multiple
species covering various life stages and exposure durations. These
studies generate the appropriate reference doses to perform human
health risk assessments. Within this battery, long term studies in the rat
and mouse are amongst the most time- and resource-intensive studies.
Given the significant animal use, it is important to consider the value
that multiple species and duration of exposure provide to inform risk
assessment. In order to answer these questions, a meta-analysis was performed utilizing data from the European Food Safety Authority (EFSA)
conclusions for 104 non-genotoxic agrochemicals. The available acute
LD50s, subchronic (13-week) NOAELs, and chronic NOAELs for both rats
and mice were collected for each chemical. Duration (subchronic to
chronic) and species (rat to mouse) extrapolation factors (EFs) covering
100th, 95th and 90th percentile chemicals were generated. Additionally,
the relationships between LD50 and rat subchronic NOAEL as well as
subchronic NOAEL between rats and mice were investigated. A framework was then proposed to establish chronic reference doses (cRfDs)
using subchronic data. First, the existing rat and mouse subchronic
NOAELs could predict their chronic NOAELs by applying duration EFs of
100, 17, and 13 and EFs of 149, 50, and 10 at 100th, 95th and 90th percentile, respectively; Second, in the absence of a mouse subchronic study,
a single rat subchronic study could predict not only mouse subchronic
NOAELs by applying species EFs of 100, 20 and 9, but also mouse chronic
NOAELs by applying duration and species EFs of 145, 14, and 6; finally,
the predicted chronic NOAELs for the two species from step 1 and/or
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DWELs were above the levels reported for most water systems in the US,
indicating that current exposure levels likely do not present risk. Use of
PBPK models allows for the use of chemical-specific pharmacokinetic
data for perfluorinated compounds, increasing the scientific basis of the
derived risk values.

step 2 were compared with NOAELs for other critical studies such as
developmental and reproductive studies and the lowest NOAEL was
selected to derive a cRfD. Further results indicate that in addition to
species EFs, the rat and mouse subchronic NOAELs have a good correlation (R2=0.84, P<0.01), but no correlation was identified between
LD50s and subchronic NOAELs. Moreover, only 4% (4/104) cRfDs were
based on mouse studies, highlighting their limited uses for risk assessment. Taken together, the proposed framework enables reasonable
predictions of chronic NOAELs and derivation of cRfDs, thus providing
a scientific basis for 3Rs-focused and exposure-based approach for risk
assessment of chronic exposure to PPPs.

1854 High-Throughput Development of No

Observable Adverse Effects Levels for Use in
Screening Level Human Health Risk Assessment
of Cleaning Product Ingredients

W. C. Scott2, M. Ciarlo3, Z. Wang2, E. S. Williams2, P. DeLeo1, and B.
W. Brooks2. 1American Cleaning Institute, Washington, DC; 2Baylor
University, Waco, TX; and 3EA Engineering, Science & Technology,
Inc., Baltimore, MD.
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The American Cleaning Institute (ACI) is the industry trade association
that represents the formulators of more than 90% of the consumer
cleaning products in the United States. Recently, ACI set out to define
and publish the universe of ingredients used in its members’ products
with the goal of identifying the publicly available hazard data for every
ingredient and developing an associated exposure assessment and
screening level risk assessment. Using a tiered process, a human health
hazard data set was sought for almost 600 cleaning product ingredients and 200 supporting ingredients in relevant chemical groupings.
Over 7,000 pieces of hazard data were compiled from previous EPA’s
HPVIS, OECD’s HPV chemical archive, ECHA REACH dossiers, FIFRA Inerts
Database, TOXNET, EPA’s IRIS, previous ACI risk assessments, HERA
project assessments, CIR assessments, JECFA, and US FDA SCOGS, and
other sources. Where data were not available for an ingredient, data
gaps were addressed using read-across. A hierarchical approach was
developed for deriving conservative No Observable Adverse Effects
Levels (NOAELs) for use in risk assessment. Priority was given to ingredient-specific data over read-across data; to data from authoritative multisource studies versus single studies; to chronic no or low effect levels
for sensitive endpoints versus LD50 data from acute studies; and to data
with a Klimisch reliability rating of 1 or 2. Where data from defensible
sources or chronic NOAEL studies were unavailable, assessment factors
were applied to address uncertainties via conservatism. Where quantitative values were unavailable, qualitative assessments of hazard such as
US FDA safety findings for high exposure potential food and cosmetics
ingredients (e.g., GRAS affirmation) were utilized. The resulting database
provides quantitative NOAELs for the majority of ingredients. The presentation reviews the number of ingredients for which NOAELs were
developed from each source.

1855 Providing Risk Context for Environmental
Contaminants with Minimal Toxicity Data

C. Clark, and H. Goeden. Minnesota Department of Health, St.
Paul, MN.
The Minnesota Department of Health (MDH) is tasked with determining
human health risks from exposure to contaminants in drinking water.
Traditional risk assessment methods require chemical-specific toxicity
data and extensive review time in order to develop numerical healthbased guidance values. However, many chemicals, such as chemicals
of emerging concern, have little to no available toxicological data, and
public health emergencies can arise that make it difficult to sufficiently
evaluate the chemical using traditional methods. Due to the increasing
number of chemicals being introduced into the market, expanding analytical capabilities for detecting chemicals, and the cost of conducting
toxicity studies there is a clear need to identify alternative methods
for providing risk context for contaminants that have insufficient data
to perform a traditional risk assessment. MDH, with funding provided
through the Clean Water Fund of the Minnesota Clean Water, Land and
Legacy Amendment, compiled a database of toxicity values for hundreds of chemicals from multiple sources and tested screening level
methods (e.g., LD50 extrapolation, threshold of toxicological concern)
to assess uncertainties and limitations of each method. Testing included
an evaluation of each method’s capacity to address a wide variety of
adverse health endpoints (e.g., developmental, cancer) and substances
(e.g., solvents, pharmaceuticals, pesticides). The results indicate that the
LD50 extrapolation method out-performed generic methods such as
the threshold of toxicological concern for most chemicals, producing
chemical-specific screening values that were adequately protective
for more than 90% of the chemicals as compared to guidance values

derived from traditional risk assessment methods. While this method is
not intended to replace traditional toxicological-based risk assessments,
it may be used to provide a conservative guidance value that is health
protective in the absence of such assessments or to act as a screening
action level used to prioritize further assessment. Testing results as well
as a comparison of the methods will be presented along with a discussion of the limitations and tools for identifying chemicals for which
these screening methods did not work well.

1856 Deriving Tentative Reference Dose (RFD) of

Phthalates with In Vitro Cell-Based Assay and In
Vivo Zebrafish Embryonic Assay

H. Lee. Seoul National University of Science and Technology, Seoul,
Korea, Republic of. Sponsor: K. Kim.
We have conducted integrated risk assessment of phthalates that
have various exposure sources according to different physicochemical
properties. Targets among phthalates such as DEHP, DiNP, DEP, DMP,
DiDP, and DnOP were selected by biomonitoring in urines of susceptible infant and in environmental dust samples. However, the absence
of reference dose (RfD) is problematic for risk characterization. We
proposed the logic to derive tentative RfD (tRfD) which is the relative
potency against DEHP, for emerging and alternative 6 phthalates, by
conducing the comparative in vitro test using 3 different cell lines of
H295R, MVRN and GH3 (tier 1) and in vivo embryonic zebrafish assay
(tier 2). In tier 1, H295R hormone synthesis, MVLN luciferase activity were
assessed to investigate sex hormone disruption, and GH3 proliferation
and gene expression were investigated for thyroid hormone disruption.
We applied embryonic zebrafish assay for tier 2, to investigate developmental toxicity and expression of transcription factors that play a role in
endocrine disruption and thyroid hormone, and larval behavior. Derived
tRfD is compared to existing RfD or anti-androgen RfD (RfDAA) available,
and the proposed logic is refined.

1857 Acute and Two-Week Inhalation Toxicity Studies
in Rats for Polyalphaolefin (PAO) Fluid

D. R. Mattie1, G. Lemmer3, S. McInturf3, M. Miklasevich3, J. Brune3,
N. Gargas3, C. Gut3, T. Tidball2, T. R. Sterner1, R. A. James3, K.
Mumy3, and B. Wong3. 1711 HPW/RHDJ, Wright-Patterson AFB,
OH; 2AFRL/RQHF, Wright-Patterson AFB, OH; and 3NAMRU-D,
Wright-Patterson AFB, OH.
Occupational Exposure Limits (OEL) for Polyalphaolefin (PAO) Fluids
have not been proposed for fluids being used as aircraft hydraulic fluid
components and applied as primary components of heat sink coolants for aircraft service air and electronics. Studies compared toxicity
of PAO fluid in male and female Fischer 344 rats by acute inhalation
(0, 100, 500 and 1000 mg/m3 for 6 h) and two-week inhalation (0, 20,
100 and 300 mg/m3 for 6 h/d, five d/wk for two weeks). Food, water
and body weights were monitored for all animals. Functional observational battery (FOB) assessments and motor activity (MA) assessments
were conducted in animals following the 6 hour acute exposure and
two weeks after exposure in a recovery cohort. In the two-week study,
FOB and MA measurements were conducted following the ninth and
tenth 6-hour exposure, respectively. Blood was collected during necropsy for clinical chemistry and hematology. Particle size distribution
measurements of the exposure atmosphere showed that the PAO
aerosol was respirable. The overall average measured concentrations
were within 2% of target. The neurobehavioral tests conducted immediately following the acute exposure showed that both males and females
appeared to be more passive after exposure to high concentration PAO,
and to a lesser extent after the intermediate concentration PAO. The
FOB handling test and the total distance traveled and ambulatory beam
breaks measurements of the MA provided evidence of increased passivity. However, results from the two-week study neurobehavioral tests
showed no significant effects on motor activity or the FOB assessments.
In the acute exposure, body weight, food and water consumption were
affected immediately post exposure, then recovered 24 h later. Body
weight, food and water consumption did not show any dose-related
effects in the two-week study. Clinical chemistry and hematology results
did not show any trends in either study that could be related to a biological response due to inhalation of PAO. These results indicate that
acute effects are short-lived and recoverable, and short-term repeated
exposure does not result in any cumulative effects. (In compliance with
DODI 3216.01)

Similar Mechanism of Action to Anti-Diabetes
Biguanides

E. E. Creppy2, A. Diallo2, A. Razack2, and D. Cros1. 1Laboratoire
Pareva, Saint-Martin de Crau, France; and 2University of Bordeaux,
Bordeaux, France.
PolyHexaMethylene Biguanide, PHMB (CAS n° 32289-58-0, previously
91403-50-8) derives from an antiseptic chemical group. This active
ingredient is used in a wide range of applications, amongst which: hard
surface disinfectant, water treatment (sanitizer, particularly in swimming pools), product preservative agent, bacteriostatic in industrial
processes and water systems, Personal Care products, preservatives,
etc.Based upon a carcinogenesis study in the rat (OECD 453), PHMB/G
from Paréva is being proposed for classification as suspected carcinogen in rats by the competent authorities in France (ANSES) even
though PHMB is not classified by IARC. PHMB as Biguanide could impair
glucose utilization by the decrease of intestinal glucose absorption and
suppression of gluconeogenesis and ATP production. The pathway to
ATP synthesis inhibition by Biguanides is the impairment of mitochondrial oxidative phosphorylation. Similar to cellular hypoxia this impairment leads to insufficient inactivation of HIFs (Heat-Inducible Factors),
which activate multiple cellular functions such as transcription of the
hormone erythropoietin (EPO) to enhance red blood cell proliferation,
vascular endothelial growth factor (VEGF) to promote angiogenesis
and glycolytic enzymes to increase glycolysis. In the overall conclusion
on in vivo studies, the liver was identified as the main target organ for
PHMB. Therefore experiments were performed on HepG2 cells (from
a human hepatocellular carcinoma), to assess properties of PHMB on
cellular use of glucose, ATP production and vascular endothelial growth
factor (VEGF) production.PHMB inhibits the phosphorylation of 2-DG
and Glucose, so that G6P levels are reduced and therefore glucose
cannot be used further. As a confirmation of this inhibition of phosphorylation, ATP formation in the cells is inhibited by 53 to 77%, leading
possibly to cell death. PHMB inhibits also the production of VEGF in
similar range of PHMB concentrations (0.5 - 5 µg/ml). The inhibition of
Vascular Endothelial Growth Factor by PHMB confirms the similarity of
the MoA with Biguanides, used as anti-diabetes. This inhibition might
prevent endothelial cells proliferation, so that it is unlikely that PHMB
will promote either liver vascular endothelial cells or Hep-G2 cells in vitro
or hepatocytes growth in vivo or tumours.

1859 Toxicological Assessment of the Mainstream

Aerosol of a Carbon-Heated Tobacco Product
in Sprague-Dawley Rats; A 90-Day Subchronic
Inhalation Study

B. W. Phillips1, J. Ho1, D. Sciuscio2, E. Veljkovic1, S. Lebrun2, U.
Kogel2, G. Vuillaume2, P. Leroy2, J. Hoeng2, M. Peitsch2, and P.
Vanscheeuwijck2. 1PMI R&D, Philip Morris International Research
Laboratories Pte. Ltd., Singapore, Singapore; and 2PMI R&D, Philip
Morris Products S.A., Neuchatel, Switzerland.
CHTP (carbon heated tobacco product) 1.2 is a potential modified risk
tobacco product in which the tobacco plug in a specially designed stick
is heated to ≤ 300°C using a carbon heat source. The operating temperature is below the combustion temperature of tobacco, resulting in
generation of aerosol with significant reduction of harmful and potentially harmful constituents (HPHCs) compared with cigarette smoke. The
toxicity of CHTP 1.2 was characterized in a 90-day sub-chronic inhalation
study according to the OECD 413 testing guidelines. Sprague-Dawley
rats were exposed for 6 hours per day, 5 days per week for at least 13
weeks to filtered air (control), mainstream smoke of reference cigarette
3R4F at 23 µg nicotine/L, or aerosol of CHTP 1.2 at three target concentrations of 15, 23 and 50 µg nicotine/L (low, medium and high, respectively). Additional animals from control and CHTP 1.2 high exposed
groups were included to observe reversibility of toxicity over a period
of 42 days after the exposure. Reduction in respiratory minute volume
and frequency typically observed in 3R4F-exposed group was less pronounced in animals breathing CHTP 1.2 aerosol, which is consistent with
lower content of irritants. The number of inflammatory cells and levels
of excreted pro-inflammatory cytokines in bronchoalveolar lavage fluid
of animals exposed to CHTP 1.2 were lower than in the 3R4F-exposed
group. Clinical pathological changes such as higher blood neutrophil
counts, elevated liver enzymes and decrease of cholesterol and glucose
levels were observed in 3R4F and CHTP 1.2 high groups, compared with
control. Increase in liver and adrenal glands weights, and decrease in
thymus and uterus weights were recorded in both, 3R4F and CHTP 1.2
exposed groups, when compared with control. Microscopic findings in
respiratory tract organs including epithelial cell hyperplasia and squa-

mous metaplasia were reduced in CHTP 1.2 as compared with 3R4Fexposed group. In summary, the results indicate that the inhalation of
aerosol from CHTP 1.2 caused minor effects in rats mainly attributed to
nicotine, and the effects on respiratory tract organs were much lower
compared with those from 3R4F reference cigarette.

1860 Pathological Changes and Modulation of

Microbiota Composition in the Large Intestine
of F344/N Rats Administered the Aloe Vera Plant
Component, Aloin, in Their Drinking Water for
13 Weeks

M. D. Boudreau2, G. R. Olson1, V. P. Tryndyak2, M. P. Maisha2, M. S.
Bryant2, and F. A. Beland2. 1Toxicologic Pathology Associates, Inc.,
Jefferson, AR; and 2US FDA/NCTR, Jefferson, AR.
In previous studies, the oral administration of an Aloe vera whole leaf
extract induced dose-related pathological changes in the rat colon after
13-weeks and colon cancer after 2 years of exposure. We hypothesized
that these effects were induced by aloin, a component of the Aloe
vera plant. To test this hypothesis, groups of 10 male F344/N rats were
administered aloin at concentrations of 0, 6.95, 13.9, 27.8, 55.7, 111, 223,
and 446 mg/kg in their drinking water 7 days/week for 13 weeks. At
termination, blood was collected by cardiac puncture and complete
necropsies and histopathological evaluations were performed. Rat fecal
pellets were collected prior to necropsy, and the composition of fecal
bacteria was investigated by next generation sequencing of the PCRamplified V3/V4 region of the 16S rRNA gene. Microscopic evaluations
found treatment-related lesions that occurred primarily in the large
intestine of aloin-treated rats. The most prominent pathological change
was dose-related increased incidences and severities of mucosal and
goblet cell hyperplasia, which extended from the cecum to the rectum
of aloin-treated rats. This lesion was characterized by a marked increase
in thickness of the mucosa, with increased incidences and severities
detected at aloin doses ≥ 27.8 mg/kg. Analysis of the 16S rRNA metagenomics sequencing data revealed marked shifts in the structure of the
gut microbiota in aloin-treated rats from that of the controls at each
taxonomic classification. The most remarkable shifts were observed at
the phyla level for Bacteroidetes, Firmicutes, and Verrucomicrobia. In
aloin-treated rats, dose-related increased abundances were observed
for Bacteroidetes and Verrucomicrobia and dose-related decreased
abundances were observed for Firmicutes . This study highlights the
similarities in effects observed for aloin and the Aloe vera whole leaf
extract, and points to a possible mechanism of action to explain the
observed pathological changes via modulation of the gut microbiota
composition.

1861 Characterization of Traditional and “Drug-Store”
Brand Styles of Pipe Tobacco Covered by US FDA
Deeming Regulations

J. H. Lauterbach, and E. J. Brooks. Lauterbach & Associates, LLC,
Macon, GA.
In May 2016, the US FDA issued the so-called “Deeming Regs” to include
tobacco products other than cigarettes, moist/dry snuff, snus, and
chewing tobacco, which were included in the original tobacco control
legislation. Pipe smokers are a very small percentage of US tobacco
users. However, they have a very wide variety of products to smoke
ranging from expensive traditional products that are generally only
available from tobacconists (or their Internet stores) to much lower
cost products that appeal to a wider range of pipe smokers, especially
beginning ones. These latter products, sometimes called “Drug-Store”
pipe tobaccos, can be found in many retail locations that sell cigarettes. Such products are highly flavored, generally made with more
common tobacco varieties, have higher moisture contents and would
not have the strong taste associated with traditional pipe tobacco
blend. It is expected that smaller manufacturers will be hard hit by the
US FDA Substantial Equivalence (SE) rules as they often create new
products or modify existing ones. However, based on SE actions the
US FDA has taken to date on other types of tobacco products, some
of the NSE rulings have not been based on traditional tobacco/smoke
toxicology parameters, but have been based on changes in casing and
flavoring ingredients and other design features that “raise other questions of public health” (product likely more attractive and/or addictive).
Moreover, there is little in the literature on the chemistry and toxicology
of pipe tobacco and pipe tobacco smoke. Consequently, we have 25
brand-styles of traditional and “drug-store” pipe tobacco and had them
analyzed for moisture (oven volatiles), traditional tobacco analytes,
humectants, casings, and flavorings (GC-MS). Use of group means and
standard deviations for several routine tobacco analytes give examples
of the differences between the two groups that will be explored in more
detail in the presentation and their implications to “raise other ques-

203
SOT 2017 Annual Meeting

1858 Polyhexamethylene Biguanide Displays

tions of public health”. Traditional pipe tobaccos mean (dwb %) and
std. dev. (n=14): alkaloids, 1.95 (0.78); total sugars, 7.35 (3.56); reducing
sugars, 6.64 (3.52); nitrate, 0.71 (0.30); chloride, 0.97 (0.35); oven moisture, 9.30 (5.30). “Drug-store” pipe tobaccos mean (dwb %) and std. dev.
(n=11): alkaloids, 1.27 (0.25); total sugars, 16.95 (7.64); reducing sugars,
7.17 (1.61); nitrate, 1.37 (0.54); chloride, 0.77 (0.18); oven moisture, 22.60
(4.04).

1862 Proposed Techniques for the Determination of
the pH-Values of E-Liquids and the E-Cigarette
Aerosols Generated from Those E-Liquids

J. H. Lauterbach, and S. J. Lauterbach. Lauterbach & Associates,
LLC, Macon, GA.
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In May 2016, the US FDA issued “Draft Guidance” on “Premarket Tobacco
Product Applications for Electronic Nicotine Delivery Systems.” At Lines
1060-61 of the Draft Guidance, US FDA wrote, “In addition to the constituents, US FDA recommends that you report the pH of the e-liquids tested
and the resulting aerosol.” One reason for the US FDA’s request is that
the pH-values of an e-liquid and its aerosol may affect the bioavailability
of nicotine in the respiratory tract However, no methods were given
for determining the pH-values of e-liquids and “the resulting aerosol.”
Indeed, the are no recognized standard methods for such determinations. The only technique mentioned in the peer-reviewed literature is a
modification of the US Centers for Disease Control and Prevention (CDC)
method for determining the pH-values of slurries of smokeless tobacco
products (Stepanov and Fujioka, 2014; Lisko et al., 2015). However, that
technique results in most mentholated e-liquids becoming cloudy mixtures and there is pH drift, which is caused by the VG and PG in the e-liquids. Consequently, we have developed a simple, robust, and low-cost
technique for determining the pH-values of e-liquids. It is applicable
to both e-liquids in cartomizers, single-use devices, and e-liquids sold
without devices (in such cases, the e-liquid is placed in a blank cartomizer and treated the same as e-liquids sold in cartomizers). The technique is based on determining the pH-value of the aerosol generated
using the puffing profile (55/3/30) specified in CORESTA Recommended
Method No. 81 and drawn into a Health Canada T-113 smoke trap fitted
with a flat-bottom pH probe (HI 1413). Other factors in addition to pH
may affect the bioavailability. These include the pH of the vaper’s saliva
and the spatial distribution of the aerosol when it exits the device into
the vaper’s mouth. We have studied these effects using a glassmouth
fitted with a pH probe and a 5-mL portion of artificial saliva in a depression in the bottom of the mouth. Thus, we are able to determine aerosol
pH, increase in saliva pH, and change in nicotine concentration (HPLC)
as a function of the e-liquid, device, number of puffs taken and the
cartomizer weight loss. For example, when artificial saliva (pH 4.9) was
exposed to the aerosol (50 puffs) from a conventional e-cigarette with a
2.4% nicotine mentholated e-liquid, the saliva pH increased by 1.06 pH
units in one run and 0.94 in another.

1863 Marijuana-Induced Ionoregulatory Disruption in
the Rat

O. Ademuyiwa2, R. N. Ugbaja2, T. F. Akinhanmi2, D. O. Babayemi2,
O. A. Dosumu2, O. B. Onunkwor2, O. E. Adeyi2, S. O. Rotimi1, S. T.
Bello2, and E. O. Sho-Ola2. 1Covenant University, Ota, Nigeria; and
2Federal University of Agriculture, Abeokuta, Nigeria.
Intake of marijuana has been associated with cardiovascular and cerebrovascular outcomes. The mechanisms underlying these effects remain
enigmatic. To investigate the effects of marijuana on ionoregulation,
female albino rats (n=54) were exposed orally to marijuana (12.5, 25 and
50 mg/kg body weight) (extracted with petroleum ether and suspended
in olive oil) for 2, 4 and 6 weeks. Control animals (n=18) received the
vehicle for the same period. Blood and brain were removed from the
animals and analysed for Na, K, Ca and Mg as well as their various pumps
(Na+-K+-ATPase and Ca2+-Mg2+-ATPase). While hyponatremia and
hypocalcemia characterised the effects of marijuana in the plasma, both
hypo- (50mg/kg body weight, 6weeks) and hypermagnesemia (12.5 mg/
kg body weight, 6weeks; 50mg/kg body weight, 4weeks) were the hallmarks of marijuana exposure. While the activity of the sodium pump in
the plasma was up-regulated by 25 and 50mg/kg body weight of marijuana, six weeks of 12.5 kg/body weight and two weeks of 25 mg/kg
body weight of marijuana activated the calcium pump. In the brain, marijuana exposure resulted in significant decreases in both Na and Mg with
the highest decrease occurring at 6weeks with 25 and 50mg/kg body
weight. In contrast, increases and decreases were observed in brain Ca.
The activities of the two ion pumps in the brain were up-regulated by
as much 30%. In both the plasma and the brain, the concentrations of
K were not affected. These findings suggest that the marijuana-induced
ionic shifts might mediate its cardiovascular and cerebrovascular effects.

1864 Initial Risk Assessment of 4-Benzylphenol: In

Vitro Genotoxicity Tests and a 28-Day RepeatedDose Toxicity Study

T. Igarashi2, K. Kobayashi2, H. Serizawa1, T. Kawamura2, M.
Matsumoto2, T. Yamada2, and A. Hirose2. 1BoZo Research Center
Inc., Shizuoka, Japan; and 2National Institute of Health Sciences,
Tokyo, Japan.
4-Benzylphenol (CAS No. 101-53-1) is used in plastics as germicides, antiseptics, preservatives and in organic synthesis. This compound was previously classified as an existing chemical substance in Japan’s Chemical
Substances Control Law. However, there was insufficient information
on its toxicity for an initial risk assessment. Then in vitro genotoxicity
tests (Ames and chromosomal aberration tests) and a 28-day repeated
dose toxicity study (Crl: CD (SD) rats) were conducted in accordance
with the OECD test guidelines 471, 473, and 407. The test results of the
both genotoxicity studies indicated negative. In the repeated-dose
study, male and female rats were administrated 4-benzylphenol by
gavage at dosage of 30, 150, or 750 mg/kg per day for 28 days followed
by a 14-day recovery period. Salivation was observed in 750 mg/kg of
both sexes. On the open field test, rearing counts were decreased in 750
mg/kg males. Body weight gain was suppressed in 750 mg/kg males
(11% reduction in terminal body weight compared to controls). Food
consumption was transiently decreased in 750 mg/kg of both sexes in
the initial administration period. On the blood biochemical examination, an increase in ALT level was detected in 750 mg/kg males. On the
pathological examination, increased relative liver weight was observed
in 750 mg/kg of both sexes, and centrilobular hepatocellular hypertrophy was observed in 150 mg/kg males and 750 mg/kg of both sexes.
Hyperkeratosis of forestomach and hyperplasia of squamous cells at
limiting ridge of stomach were observed in 150 and 750 mg/kg of both
sexes. Hyperplasia of forestomach squamous cells was also observed
in 750 mg/kg of both sexes. These changes observed at the end of the
dosing period disappeared or were relieved after the recovery period.
Based on these results, the NOAEL of 4-benzylphenol was judged to be
30 mg/kg/day for both sexes. No effects on reproductive organs were
detected in our study. However, estrogenic activity of 4-benzylphenol
has been indicated positive in an immature rat uterotrophic assay, an
in vitro estrogen receptor binding assay and a reporter gene assay.
In addition, chemical structure of 4-benzylphenol is similar to that of
bisphenol F which is known as a possible endocrine-disrupting chemical. Therefore, further studies would be needed to evaluate effects on
development of reproductive and endocrine systems.

1865 Analysis of Dermal Absorption Data in SkinAB

Database: Can They Explain Differences in Oral
and Dermal Toxicity

A. Bitsch, and S. Schmeinck. Fraunhofer Institute for Toxicology
and Experimental Medicine, Hannover, Germany. Sponsor: C.
Dasenbrock.
Dermal exposure to chemicals within the reflection about possible risks
has two important aspects: The first is on a direct damage of healthy skin
by the chemicals, which is related to local toxic effects such as irritating
properties. The second is on a systemic availability and toxicity following
penetration of a chemical through intact and/or damaged skin. Both is
depending on the amount and concentration of the chemical, the duration of exposure and some more external factors. In risk assessment, the
derivation of an internal dose has to be estimated based on external
exposure and dermal absorption/penetration. There are different ways
estimate the fraction absorbed within a defined period are ranging from
QSAR models to complex in vivo studies including a complete toxicokinetic examination. The choice of method depends on the question that
has to be answered as different systems give different results: absorption
as % of applied dose in in vivo studies or permeability coefficient and lag
time in infinite dose in vitro studies. Ideally, both data are available. To
get a better insight in the factors that are influencing the outcome of
dermal absorption studies we prepared a database (SkinAB) containing
data for more than 600 substances on dermal absorption. Due to the
large variability of substances and study types collected, special subsets
of data can be created either to support specific questions such as the
prediction of dermal absorption for substance classes or chemical categories or the prediction of dermal absorption for specific exposure situations. A first explorative analysis showed than we have about 165 chemicals in the database that have been investigated in comparable test
systems and from these 79 were shown to have a low dermal absorption
(< 1%) and 51 compounds showed a relatively high absorption rate (>
50%). For 15 substances, flux data from in vitro studies and absorption
data from in vivo studies are available. For some chosen chemicals, the
influences of exposure time, dermal load as well as vehicle influences

1866 Evaluation of Health Risks Associated with LowFrequency Environmental Ultrasound Exposure
and the Potential for Electronic Medical Device
Interference

T. J. Cook2, J. M. Cohen1, and T. A. Lewandowski2. 1Gradient,
Cambridge, MA; and 2Gradient, Seattle, WA.
Ultrasonic waves (US) are sound waves that exceed the maximum frequencies of sound audible to the human ear, ranging from 20 kHz to >10
MHz. Exposure to high-intensity, high-frequency US (>100 mW/cm2 in
the MHz frequency range) may result in serious tissue damage and health
effects. On the other hand, when exposures are appropriately controlled,
US is suitable for medical imaging and therapeutic applications. Fewer
studies have focused on the effects of low-frequency US (20-100 kHz)
than on high-frequency US, but the available data indicate that there
is a low potential for adverse effects from exposure to low-frequency
US. However, environmental exposures to frequencies in this range are
becoming more common due to increasing use of US-dependent technologies (e.g., haptics). A number of subjective effects, including fatigue,
headaches, nausea, tinnitus, and irritability, have been reported to be
associated with exposure to low-frequency US. We investigated the
potential for low-frequency environmental US to interfere with pacemakers, insulin pumps, and other implanted electronic medical devices
(EMDs). Based on the reported acoustic impedance for a variety of medical-grade plastics, we calculated the percentage of ultrasound radiation
reflected by materials typically used to encase EMDs. For all the plastics
evaluated, it is expected that less than 0.3% of the acoustic energy from
US would be absorbed by the plastic casing if the device is situated over
the focal point of maximum US output. Furthermore, the specific heats
of most plastics (i.e., the energy required per unit mass to heat the material 1°C) are on the order of 1,000-2,000 mJ/gram plastic, which suggests
that the relatively low level of US energy absorbed by an EMD would
not result in noticeable heating of the casing or damage to the interior electronics. Because pacemakers and similar devices are implanted
beneath the skin’s surface, which reflects most US energy, they absorb
significantly less of that energy than external devices. Therefore, one
would not expect there to be any significant risks of electronic interference for either implanted or externally situated EMDs from typical uses
of low-frequency US.

1867 Pharmacology and Toxicology Evaluation of

Bulk Drug Substances for Use in Compounding

J. C. Shing, and S. S. Johnson. US FDA/CDER, Silver Spring, MD.
Compounded drugs can serve an important role for patients whose
clinical needs cannot be met by an US FDA-approved drug product.
Compounding is often regarded as the practice of combining, mixing or
altering drug ingredients to create a medication tailored for the needs
of an individual patient. Here, we explain how US FDA is involved in
reviewing the biomedical literature for pharmacology, toxicology, pharmacokinetics, and clinical studies for safety and efficacy, regarding drug
ingredients. Drug products compounded by licensed pharmacists in
State-licensed pharmacies or Federal facilities, or licensed physicians
in accordance with the conditions in section 503A of the Federal Food,
Drug, and Cosmetic Act (21 USC 353a) are exempt from current good
manufacturing practice requirements, labeling with adequate directions
for use, and new drug approval requirements. One of the conditions
to qualify for the exemptions under section 503A is that the bulk drug
substance used in a compounded drug product must: (1) comply with
the standards of an applicable United States Pharmacopeia (USP) or
National Formulary monograph, if one exists, and the USP chapter on
pharmacy compounding; (2) be a component of an US FDA-approved
human drug product, if an applicable monograph does not exist; or (3) if
such a monograph does not exist and the drug substance is not a component of an US FDA-approved human drug product, be on a list of bulk
drug substances that may be used for compounding developed by US
FDA through regulation (503A bulks list). US FDA received nominations
for bulk drug substances for a variety of proposed uses. US FDA presents its review of nominations to the Pharmacy Compounding Advisory
Committee (PCAC) to obtain its advice on whether to include the substance on the 503A bulks list. Examples of substances previously presented at PCAC meetings include glutaraldehyde, rubidium chloride, tea

tree oil, and N-acetyl-D-glucosamine. We will discuss safety assessments
of select bulk drug substances, and the importance of pharmacology
and toxicology findings, for the development of the 503A bulks list. This
abstract reflects the views of the authors and should not be construed to
represent US FDA’s views or policies.

1868 Health Risk Assessment of Tobacco-Related
Harm Reduction Products

Y. C. Staal, and R. Talhout. RIVM, Bilthoven, Netherlands. Sponsor:
B. Blaauboer.
Smoking cessation is the best option for health, yet smoking prevalence
is still high. Tobacco industry markets products with a direct or indirect
claim that they are less harmful than conventional tobacco products.
The opinions on these so-called harm reduction products are divided
because the short- and long-term effects on the health of the user are
not clear yet. In addition to the effects on an individual user, the effects
on the population as a whole should be considered. We have made a
first assessment of harm reduction products and the current knowledge
on their use and health effects. Considered aspects are the composition of the product, the smoker’s behaviour (such as amount of cigarettes smoked, how deeply the smoke is inhaled) and the health effects
of the product. Some of these products may have a role in reducing
the harm caused by smoking tobacco. Nevertheless, a product should
not prevent tobacco users to completely quit smoking, or serve as a
‘gate-way product’ for non-tobacco users. The health effects of tobacco
harm reduction products can be compared by considering (1) the health
effects of the emissions of the product on the short and long term, (2)
the users’ behavior, dual use and/or the effect on smoking cessation, (3)
effect on addictiveness of the product, (4) attractiveness of the product
for smokers and non-smokers and (5) marketing of the product. A
proper reference product should be used for comparison, which should
both be the tobacco cigarette as well as quit smoking. For many products, sufficient information is lacking for a proper health risk assessment,
especially on the health effects for by-standers, the health effects on the
long term, the addictiveness and the attractiveness (especially for nonsmokers). Although we have set a first frame work for risk assessment,
more and independent information is required to fill in all knowledge
gaps.

1869 Read-Across for the Safety Assessment of

Chemicals: Reducing the Uncertainties and
Increasing Confidence

A. N. Richarz, E. Berggren, and A. P. Worth. European Commission
Joint Research Centre, Ispra, Italy. Sponsor: C. Yang.
Read-across is a predictive approach inferring properties and toxicity
from data rich to data poor substances within a group of similar compounds. It is increasingly being used to fill data gaps in regulatory
assessments, even though there is no internationally accepted approach
for demonstrating the robustness of the prediction. A formal framework
to evaluate read-across predictions is therefore a first step in building
regulatory confidence. This investigation utilised such a formal framework to systematically analyse read-across argumentation and demonstrate how confidence can be increased for regulatory applications.
To achieve this, a case study for read-across of 90 day repeated dose
systemic toxicity was performed with 16 β-olefinic alcohols covering
a broad structural variety of C3-C6 primary/secondary, straight-chain/
branched alcohols, assuming an indirect mechanism of toxicity in which
metabolic activation via alcohol dehydrogenase leads to electrophilic
reactivity and reactivity-mediated toxicity; the NO(A)EL driven by liver
toxicity was read across from the source substance 2-propen-1-ol. The
robustness of the similarity and overall read-across argumentation was
evaluated according to the European Chemicals Agency (ECHA) ReadAcross Assessment Framework (RAAF) to assess and score the confidence in the prediction. Identified uncertainties included the chemical
structure complexity - leading to subcategorisation -, study data quality,
potency of effects and relevance of kinetics. By comparing the RAAF
assessment scores obtained both with and without the contribution of
new approach methods (NAM), it was demonstrated that NAM add confidence in the read-across prediction. NAM include high throughput/
content screening, such as ToxCast, and -omics methodologies, as well
as in silico and new types of in vitro and in chemico methods which can
be used for targeted testing to support the read-across hypothesis. In
particular, NAM reduced the uncertainty related to (toxicodynamic)
mechanism, while remaining uncertainties were especially related to
(quantitative) kinetic considerations and metabolism pathways. For a
more detailed uncertainty assessment, a set of tabular templates have
been developed to record and weigh the uncertainties identified.
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will be demonstrated. In addition, we searched public databases for
data on repeated dermal toxicity for a set of compounds in our database
to evaluate whether the absorption data indeed reflect the differences
in dermal and oral toxicity, a set of more than 40 compounds will give a
basis for a critical discussion.

1870 Toxicologic Evaluation of Lyophilized
Apoaequorin Protein Powder

M. R. Bauter1, D. Moran2, and O. Mendes1. 1Product Safety Labs,
Dayton, NY; and 2Quincy Bioscience, LLC, Madison, WI.
Aequorin, a photoprotein, is isolated from luminescent jellyfish (various
Aequorea species, e.g. Aequorea victoria) and a variety of other marine
organisms. This photoprotein is composed of two distinct units, the
calcium-binding protein, apoaequorin, and the prosthetic group coelentrazine, a luciferin (obtained from the animal’s diet). In a 90-Day oral
gavage study, Sprague-Dawley rats were evaluated for the potential
subchronic toxicity of administered Lyophilized Apoaequorin Protein
Powder at dose levels of 1000, 2000, and 4000 mg/kg/day, with corresponding amounts of apoaequorin protein at 603, 1206, and 2412 mg/
kg/day. Based on an expected human dose of 10 mg/person, per day
(i.e., a 70 kg human), these dose levels target approximately 4221, 8442,
and 16,844 times the expected human oral intake. There were no mortalities associated with the administration of Lyophilized Apoaequorin
Protein Powder. There were no clinical observations, ophthalmological, clinical pathology, or histopathological changes attributable
Lyophilized Apoaequorin Protein Powder administration. An overall
increase in mean body weight gain for Group 4 females was associated
with a slight increase in body weight and food efficiency, that without
other correlating clinical or pathological, or other toxicologically relevant findings, are considered to be of little toxicological significance and
not adverse. Therefore, the no-observed-adverse-effect level (NOAEL)
for Lyophilized Apoaequorin Protein Powder administered orally over at
least 90 days was 4000 mg/kg/day (2412 mg/kg/day based on a concentration for 603 mg/g or 60.3% active ingredient, apoaequorin protein)
the highest dose tested for male and female Sprague-Dawley rats.

1871 Hyper-Osmolal Vaginal Lubricants Markedly
Increase Epithelial Damage in a ThreeDimensional Vaginal Epithelium Model

S. Ayehunie2, T. Landry2, S. Bogojevic2, P. Hayden2, R. Cone1,
and Y.-Y. Wang1. 1Johns Hopkins University, Baltimore, MD; and
2MatTek Corporation, Ashland, MA.

206
SOT 2017 Annual Meeting

Widely used vaginal lubricants in the US and Europe are strongly
hyper-osmolal, formulated with high concentrations of glycerol, propylene glycol, polyquaternary compounds or other ingredients that
make these lubricants 4 to 30 times the osmolality of healthy vaginal
fluid. Hyper-osmolal formulations have been shown to cause marked
toxicity in vivo, and significantly increase vaginal transmission of genital
herpes infections in the mouse/HSV model. They also cause toxicity to
explants of vaginal epithelia or cultured vaginal epithelial cells, and
increase susceptibility to pathogens such as HIV in target cells in a cell
culture system. Here, we report that the average osmolality of healthy
vaginal fluid collected from eight donors with an average of five samples
per donor is 370±40 mOsm/Kg. Using a well-characterized three-dimensional human vaginal epithelium tissue model, we demonstrated
that hyper-osmolal vaginal lubricants with osmolality greater than 4
times that of vaginal fluid (>1500 mOsm/Kg) cause disruption of epithelial barrier properties and structural damage. Four out of four such
lubricants caused disruption in the parabasal and basal layers of cells
as observed histologically. These lubricants also reduced/compromised
barrier integrity as measured by the trans-epithelial electrical resistance
(TEER). No epithelial damage or reduction in MTT viability was noted for
hypo-osmolal lubricants (N=3) with osmolality of <370 mOsm/Kg. The
results showed the utility of the organotypic vaginal tissue model for
lubricant screening. This in vitro test method confirmed the extensive
reports of safety concerns of hyper-osmolal lubricants, which strongly
suggest that the US FDA review the toxic effects of currently marketed
vaginal lubricants.

1872 Assessing Acceptability of Annex II and III

Impurities in EU Cosmetics Safety Assessments

M. Boylan, J. Fleischer, and M. H. Whittaker. ToxServices LLC,
Washington, DC.
As required by EC Regulation No. 1223/2009 (“Recast”), cosmetics in the
European Union must be safe for their intended use. This safety is established by assessing not only the safety of ingredients in the cosmetic,
but also ingredient impurities. Ingredient impurities include heavy
metals (arsenic, lead), antimicrobials (isothiazolinone), breakdown
products (formaldehyde), and nitrosamines, among others. In order to
comply with Recast, a cosmetics safety assessor will collect impurity
information for all intentionally added ingredients. Impurities that are
present in Annex III of Recast as restricted ingredients, in Annex II as prohibited ingredients, or are identified as carcinogenic, mutagenic, or toxic

to reproduction (CMR) are permitted in an EU cosmetic only when safety
has been demonstrated. This poster demonstrates techniques used
to assess Annex II, Annex III, and CMR impurities, including hydrogen
peroxide, aminomethyl propanol, ethylene oxide, and chromium. For
Annex II and CMR impurities, safety is demonstrated through a Margin
of Safety (MOS) calculation, which is obtained by dividing the most relevant toxicity factor by the systemic exposure dosage (SED). MOS values
of 100 are sufficient for most cosmetic ingredients, with the exception of
genotoxic and carcinogenic impurities, which require a MOS of 10,000.
For Annex III impurities, safety is demonstrated through establishing
whether or not the chemical meets the listing criteria. The listing criteria can include: maximum percentage allowed, end uses for specific
product types, the need for warning labels, and purity requirements.
This poster underscores the importance of assessing impurities in a cosmetic when evaluating compliance with EU requirements.

1873 Historical Performance of Weak Sensitizers in
Different Animal Models

B. Varsho, M. Carathers, D. Hall, and G. DeGeorge. MB Research
Labs, Spinnerstown, PA.
In the mid-1990s, government regulators moved from allowing the use
of strong potency positive control agents in animal studies for dermal
sensitization to requiring the use of weak to moderate sensitizers. This
shift arose from the desire to prove that the performing laboratories
could demonstrably identify weak to moderate sensitizers under their
specific testing conditions, thereby reducing concerns regarding false
negatives. Twenty years later, the recommended replacement agents,
including those used in the authors’ laboratory (mercaptobenzothiazole [MBT] and hexylcinnamaldehyde [HCA]), are in widespread use
and indeed demonstrate the test methods’ capacity to identify weak
to moderate sensitizers. In the authors’ laboratory, the Magnusson and
Kligman Guinea Pig Maximization Test (GPMT) returns 30-45% positive
responders with MBT, while the Buehler Method returns 20-65% positive
responders with HCA. In the Murine Local Lymph Node Assay, a concentration of 25% HCA returns 40-100% positive responders using both
the flow cytometric method and the more recent BrdU-ELISA method.
Factors potentially affecting positive response rates, including induction
and/or challenge concentrations, vehicle effects, and animal strain are
compared and reported in detail.

1874 Electronic Cigarettes: Users’ Flavor Preferences
from Online Survey Participants, Online
Websites, and Local Vendor Shops

M. Hua2, J. Whitehead2, I. Cordova2, W. Luo1, J. Pankow1, and P.
Talbot2. 1Portland State University, Portland, OR; and 2University of
California, Riverside, Riverside, CA.
Over 7,000 electronic cigarettes (EC) refill fluids are available in vape
shops and on the Internet. The purpose of our study was to determine
the most popular EC refill fluid flavors by surveying 2,753 respondents
from UC Riverside and online health forums, ranking the most popular
EC refill fluids from vendor sites, and collecting data from local Southern
California EC vape shops. Of 2,753 survey takers, 835 were EC users
between ages 18-22 (49.46%), male (71.74%), and listed ‘some college’
as highest education (38.92%). The most popular flavors for 789 respondents who used EC refill fluids were: Berries/Citrus [n=559 (70.85%)];
Sweets [n=406 (51.46%)]; and Bakery/Desserts [n=321(40.68%)].
Some respondents selected more than one flavor. Most respondents
attributed positive or neutral health effects to flavorings; however, three
flavors (Alcohol/Cocktails, Tobacco, and Buttery/Caramel/Vanilla) were
associated with negative health effects in the cardiovascular and respiratory systems. Data from local and online vendor shops were in agreement with the dominant flavor categories being: 1) Berries/Fruits/Citrus
[n=65]; Bakery/Desserts [n=20]; and Buttery/Caramel/Vanilla [n=9]. Most
EC refill fluid flavor profiles were usually mixtures of predominantly
fruit-based flavors combined with other fruits, bakery/dessert, candy,
and/or menthol flavorings. The most popular fruit flavorings in 115 EC
refill fluids surveyed were strawberry, apple, and kiwi. Most fruit flavorings that were combined with other fruit flavorings were grouped
into the categories of common and tropical fruits. In addition, Southern
California EC refill fluids were analyzed using gas chromatography-mass
spectrometry, and four flavoring chemicals were identified at high concentrations that can be toxic to cells (>10,000 µg/ml). Our data are the
first to show using three different approaches that of the thousands of
EC refill fluids available, the Fruits/Berries/Citrus flavorings mixed with
other fruit flavorings are the most popular. Toxicological research will
be aided by these data, which have identified a subset of flavors that are
highly popular and can be studied in depth in the future.

Route for Acute Toxicity Assessment As a
Replacement for Oral Gavage

L. Murphy3, V. Marshall3, S. Lidke3, A. Andrus3, R. Green1, S.
Papineni2, M. Corvaro1, and J. Mehta1. 1Dow AgroSciences,
Abingdon, United Kingdom; 2Dow AgroSciences, Indianapolis, IN;
and 3The Dow Chemical Company, Midland, MI.
Acute toxicity is an adverse effect(s) that can occur following oral exposure to a substance of 24 hours or less and evaluation of this endpoint in
a rodent model is a requirement for human health safety assessments.
A single administration of test material via oral gavage is the commonly
accepted procedure for exposure. There are challenges associated with
oral gavage as it is limited in volume of administration and can lead
to secondary effects from inadvertent reflux of the test material into
the nasal passage or lung, or point of contact irritation in the stomach.
As toxicity testing continues to evolve, evaluation of alternative dosing
practices for acute exposure represents an improvement for animal
welfare (3Rs). Acute oral dosing scenarios were evaluated using the
drinking water or dietary route with a palatability enhancing agent
(water plus 3% Raspberry Crystal Light Drink Mix, rodent feed plus 1%
Crystal Light) as well as nutritive gels (Clear H20® DietGel® HiPro or Boost)
using F344 and Wistar rats. Consumption of water, feed, or DietGel® was
evaluated over 24 hours to determine overall palatability and intake,
as well as impact of initial food and/or water fasting. Results from our
methods development indicate that: 1) fasting improves consumption
of water, rodent feed, and the nutritive gels, 2) the majority of feed or
DietGel® (10-15 g/rat) is consumed during the night time hours within
6-8 hours of administration, 3) rats consume more HiPro compared to
Boost gel, and 4) feed and water consumption was sufficient within a
6-24 hour exposure to adequately evaluate acute toxicity at a targeted
dose. This approach was applied to two acute toxicity evaluations for
metabolites of a sulfonamide-based herbicide and an aryloxyphenoxypropionate herbicide with known acute toxicity data for the parent
compound and predicted human exposure concentrations such that a
single targeted dose (>300 mg/kg body weight as per OECD, Guideline
423) could be tested. Our results from these acute studies support our
methods development that both the drinking water and dietary route
can be used for acute toxicity evaluation if the test substance is moderately palatable.

1876 Evaluation of Toxicity and Human Health Risk
Assessment for 2-Pentanone Oxime

S. Mukhi2, M. Chamberlain1, and J. v. Triel3. 1CXR Biosciences Ltd,
Dundee, Scotland, United Kingdom; 2Honeywell, Performance
Materials and Technologies, Morris Plains, NJ; and 3Triskelion B.V.,
Utrechtseweg, Netherlands.
2-Pentanone oxime (2-PO) belongs to oxime class of compounds and
has many utility in industrial and commercial applications. It has been
proven to be an effective anti-skinning agent in paints, as a blocking
agent in polyurethane coatings and used as a raw material for the manufacturing of sealant additives. Due to potential workplace exposure,
it was important to evaluate the safety of this product to end-users.
Several acute, sub-acute, sub chronic toxicity studies were conducted to
access the safety of 2-PO. Other than eye irritation, no major acute toxicity concern was observed for this chemical. 2-PO is not a skin sensitizer
and not a genotoxic in rodent bioassay. A 90-day repeated-dose inhalation toxicity study in rats up to 300 ppm, the highest achievable vapor
concentration, was conducted to determine the target organ toxicity
and no-observed-effect level. The endpoint from this experiment will be
used in deriving the derived no-effect level and evaluate risk to workers.
A gene expression analysis was also conducted to determine the hepatotoxicity and carcinogenic potential in rats. Based on the results from
several toxicological studies, it is concluded that 2-PO has acceptable
human health hazard and risk profile for its intended applications.

1877 Exposure Data for Toothpastes
M. Chiter2, I. Boudieres Laffont2, M. P. Gomez-Berrada2, A. Rielland1,
S. Guillou1, D. De Javel1, and P. J. Ferret2. 1Eurosafe, Saint Grégoire,
France; and 2Pierre Fabre Dermo Cosmétique, Toulouse, France.
Sponsor: D. Steen.
Purpose: Toothpastes are included in personal care products category. They are intended to protect against the formation of cavities,
freshen the breath etc. Depending on the principal effect claimed and
the country of marketing, they are considered as cosmetics, Over-TheCounter drugs or quasi-drugs. No matter their status, these products
must be safe for human health under normal or reasonably foreseeable

conditions of use. For this purpose, safety assessors need accurate exposure information. However, amount used and frequency data from reallife studies with the minimum disturbance to subject’s daily habit are
limited and does not take into account specific consumer groups such
as children. Thus, the main aim of this study was to determine the daily
quantity and the frequency of use of toothpaste according to subjects’
personal habits and to compare them between age and sex categories.
Furthermore, the influence of toothpaste texture (gel / paste) and toothbrush kind (manual / electric) were also assessed. Methods: This study
was performed with 104 families usual consumer of oral care products,
including 206 adults and 169 children. They were selected among 1448
people who answered a preliminary web-based survey. Subjects used
their own products (toothpaste, toothbrush) over a three-week period
according to their personal habits. Products were weighed at the start
and completion of the study in order to determine the total amount of
product used. Each use was recorded in a diary. Toothpaste texture and
toothbrush information (size, form, kind) were also recorded. Results:
The mean, standard deviation and P90 value of the amounts used per
day (in gram) were as follows: Adults: 1.82 ± 0.88 (3.04); Women: 1.69 ±
0.82 (3.01); Men: 1.95 ± 0.92 (3.25); Children: 1.10 ± 0.62 (2.19); Girls: 1.15
± 0.62 (2.05); Boys: 1.05 ± 0.62 (2.25). The mean, standard deviation and
P90 value of frequency of use per day were as follows: Adults: 1.87 ± 0.48
(2.30); Women: 1.96 ± 0.47 (2.46); Men: 1.79 ± 0.49 (2.30); Children: 1.74
± 0.46 (2.10); Girls: 1.84 ± 0.43 (2.3); Boys: 1.64 ± 0.46 (2.00). Conclusion:
This study provides amount and frequency data for toothpastes, which
could be useful for safety assessors. It also reveals differences between
category of age and sex. In order to understand these differences,
factors that could affect the exposition were also studied (kind of toothbrush and toothpaste).

1878 Usage Patterns of Oral Care Products
M. Chiter2, I. Boudieres Laffont2, M. P. Gomez-Berrada2, A. Rielland1,
S. Guillou1, D. De Javel1, and P. J. Ferret2. 1Eurosafe, Saint Grégoire,
France; and 2Pierre Fabre Dermo Cosmétique, Toulouse, France.
Sponsor: D. Steen.
Purpose: An increase in the consumption of oral care products has
been observed in the last decades. To conduct reliable safety assessment, accurate exposure information for cosmetic products is needed.
Very few studies focus on frequency data and usage patterns of oral
care products. Those information are essential for realistic and specific
groups exposure assessment and thus for a correct safety assesment.
Thus, the aim of this study was to obtain reliable information regarding
patterns of oral care products usage by age groups and by sex. Methods:
1448 people (566 women, 386 men, 132 teenagers, 332 children and 32
babies) responded to a web based survey addressing the kind of oral
care product and toothbrush they used, their frequency of use, the place
of purchase, the type and brand of the product etc. The questionnaire
was made of 35 questions. This survey also permitted to select families for a real life exposure study. Results: Kind of oral care product and
frequency of use Toothpaste is used by 100% of adults and teenagers
and 98.5% of children. It is generally used twice or three times a day
by adults (86.6%) and once or twice a day by teenagers (91.3%) and
children (89.0%). Toothbrushes are used by 99.6 % of the respondents
and 70.7% of them use only a manual toothbrush. 88.1% of children use
an age-adapted toothpaste and 90% of them an age-adapted toothbrush. 64.5% of parents brush their baby teeth with a toothbrush and
half of them (32.3%) combine it with a toothpaste. Mouthwash is used
by 70.5% of women, 57.8% of men, 51.3% of teenagers and 23.5% of
children. Dental or gingival gel are used by 14.8% of women, 8.3% of
men, 11.3% of teenagers and 5.9% of children and 9.7% of parents for
their babies. Mouthwash and dental or gingival gel are generally used
occasionally. Place of purchase Globally, for toothpaste and mouthwash, most of the respondents buy their products at the supermarket
(respectively 82.2% and 66.4%). Concerning dental and/or gingival gel,
purchase at the pharmacy (49.3%) or para-pharmacy (50.7%) is more
important than for the other kind of product. This was expected in view
of the specificity of dental and gingival gel products. Conclusion: This
study provides frequency information and usage patterns for three
kinds of oral care products. It also highlights the influence of age and
sex on usage patterns. Thus, data generated by this study provide an
excellent basis for exposure assessment of oral care products.
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1875 Evaluation of the Drinking Water and Dietary

1879 Developing a Rich Definition of the Person/
Residence to Support Models of Consumer
Product Usage

208

1881 A Use-Simulation Study of a Denatured Alcohol
Cleaning Product to Assess Potential Worker
Exposure

P. S. Price2, K. L. Dionisio2, H. Hubbard1, and G. Graham1. 1ICF
International, Durham, NC; and 2US EPA, Durham, NC.

E. Winegar, K. T. Bogen, R. C. Lewis, A. Singhal, and P. Sheehan.
Exponent, Oakland, CA.

Characterizing interindividual variation in combined chemical exposures from the use of consumer products is a challenge because of the
complexity of these exposures. There are many consumer products and
individuals use different combinations of products. Product use varies
with an individual’s demographics (e.g., age, gender, ethnicity, family
structure, and type of residence). Exposures also occur as a result of
other individuals using products (e.g., painting a room exposes all individuals in a home and bathing a child exposes both child and adult).
Finally, determining applied and internal doses requires data on the
behaviors and physiology. US EPA is developing probabilistic models
of variation in exposure-relevant characteristics of individuals, their
residences, and their families. The goal is to generate synthetic populations whose characteristics can be used to predict chemical doses
from the use of products. A database of the characteristics of individuals in the synthetic population is created by linking data from the US
Census with data from US housing surveys. Survey data are linked by
matching records based on similarities in the characteristics correlated
with the parameters of interest. The demographics are combined with
rules for product usage to characterize the products that a specific individual uses (e.g., only adults with a young child use a baby shampoo to
wash the baby and only individuals in homes with yards use lawn fertilizer). The temporal patterns of “product use events” and other behaviors for each person in a household are modeled using Agent Based
Models. Data on physiology are generated by linking Census data to
National Health and Nutrition Examination Survey measurement data
and modeled physiological parameter values. The data in the final database include: physiology (body weight, skin surface area, breathing rate,
cardiac output, blood volume, and volumes for body compartments and
organs); characteristics of the individual’s residence (region of the US,
urban or rural, size of property, size of home, nature of home (single
or multifamily), number and types of rooms, and room volumes; family
structures (age and gender of others living with the modeled individual);
and temporal patterns of product usage by the individual and others in
the home. This abstract does not necessarily reflect US EPA policy.

A simulation study was conducted to provide data for a dermal and
inhalation exposure assessment of workers using a commonly available denatured alcohol (DN) cleaning product containing ethanol
and methanol. This product is used to remove adhesive residue from
newly installed flooring. The simulation method employed innovative
approaches to inform assessment of worker exposure via both potential inhalation and dermal intake. Airborne ethanol and methanol concentrations were measured in the volunteers breathing zone during
cleaning activities. Samples were collected in two ways. First, integrated
15-min summa canister samples were collected to encompass the entire
activity period, analyzed by GC/MS in selected ion mode for ethanol
and methanol. Second, a highly time-resolved airborne ethanol concentration profile over the 15-min period was generated from real-time
measurements using a portable GC/MS instrument in direct membrane
mass spectrometer mode, bypassing the GC. These two methods provided similar 15- min average ethanol concentration estimates, with the
direct mass spectrometer profile providing peak and average ethanol
concentrations for shorter cleaning durations. Using air concentration
measurements and worker inhalation rates, ethanol and methanol
doses were calculated for a range of cleaning scenarios. Similarly, the
dermal exposure assessment was informed by cleaning simulations
using DN spiked with a blue dye, in each case performed for a measured
time using a rag wetted by a measured DN volume that was grasped
by one cotton-glove-covered hand. A photo made of each glove was
digitally image-processed to measure the fraction of hand surface area
contacted by DN during cleaning. A mixed-alcohol dermal-permeability
model was developed and applied to estimate corresponding percutaneous ethanol and methanol doses. The simulation and modeling
approaches applied provided substantially refined estimates of potential exposures of workers using this DN product.

1880 Inhalation Exposure Characterization for Spray
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Products and Processes

K. Schwarz, and W. Koch. Fraunhofer Institute for Toxicology
and Experimental Medicine, Hannover, Germany. Sponsor: C.
Dasenbrock.
In the safety assessment of products or substances, the risks related
to inhalation for spray application have gained increasing emphasis in
legislation/guidance. Therefore, information on the potential inhalation exposure under realistic conditions of product use is required. This
includes consideration of the aerosol maturation/ageing process and
the actual exposure scenario, such as surface treatment. In light of these
requirements a method allowing for direct quantification of the aerosol
release potential in the health-related size regimes has been developed.
This method is based on a mass balance analysis of the matured aerosol
in the respirable, thoracic and inhalable size fraction, relevant for the
exposure of the spray user. The exposure risk is quantified in terms of
release fractions, defined as mass of aerosol generated in the three
health-related size classes, normalized to total the mass of liquid spray
product released. Therefore, these release fractions characterize the
inhalation exposure potential related to the spray process and can be
directly used as input parameters for exposure calculation with established exposure models. Aerosol release is determined with a personal
aerosol monitor, enabling gravimetric and on-line light scattering analysis in the health-related size fractions. Therefore, substance-specific
exposure characterization (e.g. TiO2) is possible by direct chemical analysis of the corresponding aerosol fractions. For various spray products
and spraying technologies, such as biocidal droplet sprays and foams,
personal care products and waterproofing sprays, this method has
been successfully applied for exposure characterization. It furthermore
allows to assess the efficacy of risk-mitigating measures, for example for
foam spraying a product instead of droplet spraying. To conclude, this
mass balance method takes into account chemical and physical properties of the spray formulation and process as well as conditions of use.
Therefore, it represents an important step towards the implementation
of recommendations concerning the safety assessment of spray products.

1882 Decline in the Percent Retention of Chemicals

from Vapors with Increasing Breathing Rates in
Humans

R. Cochran, and J. H. Ross. Gem Quality Risk, Inc.,, Sacramento, CA.
Current regulatory practice (USEPA Standard Operating Procedures for
estimating Residential Exposure) assumes that 100% of inhaled chemical vapor is retained in the human body, regardless of respiratory rate.
Thus, the absorbed dose from inhaling chemical vapors is assumed to be
directly proportional to the respiration rate. However, respiratory volume
per inspiration, lung penetration depth, and chemical residence time in
the lungs all decline with increased respiratory rate. Examination of data
for fraction of chemical absorbed from human studies (conducted under
the auspices of the Swedish Institute of Occupational Health and Safety)
involving 7 different organic chemical vapors at various respiratory
rates indicates a negative slope (fraction of chemical absorbed per liter/
minute) that ranges between -0.2534 and -1.5965, with an average slope
of -0.7854. The compiled data indicate that absorbed dose does increase
with respiratory rate, but the increase is less than directly proportional.
The fractional retention of aromatic vapors (e.g., styrene, toluene, and
aromatic spirits) appears to decline less rapidly than aliphatic solvent
vapors with increasing respiratory rate.

1883 Ancient Water Bottle Use and Polycyclic

Aromatic Hydrocarbon (PAH) Exposure in
California Indians: A Prehistoric Risk Assessment

S. Sholts1, K. Smith3, C. Wallin2, and S. Wärmländer2. 1Smithsonian
Institution, Washington, DC; 2Stockholm University, Stockholm,
Sweden; and 3University of California, Davis, CA. Sponsor: H.
Håkansson.
Polycyclic aromatic hydrocarbons (PAHs) are the main toxic compounds
in natural asphaltum, a fossil material used by ancient societies around
the world. Although PAHs have a variety of adverse health effects on
living human populations, their health impacts on past populations
are unclear. The aim of this study is to assess the health risks of PAH
exposure from asphaltum-coated water bottle manufacture and use in
ancient California Indian societies. We replicated a prehistoric asphaltum-coated water bottle using traditional materials and techniques of
California Indians, based on ethnographic and archaeological evidence.
In order to estimate PAH exposure related to water bottle manufacture
and use, we conducted controlled experiments to measure PAH con-

1884 In-Use Consumer Safety of Formaldehyde-Donor
Preservatives Used in Personal Care Products

S.-T. Kim3, K. Winkowski2, M. Tallon2, F. Wu2, M. Bogers1, and C.
Choi2. 1Ashland Inc., Barendrecht, Netherlands; 2Ashland Inc.,
Bridgewater, NJ; and 3Ashland Inc., Dublin, OH.
Preservatives play an important role in preventing personal care product
damage caused by microorganism, as well as protecting the product
from contamination by consumer use. Growth of microorganisms in
these products adversely affects consumer health and the aesthetic
or functional qualities of the products. For several decades, formaldehyde-donor (FD) preservatives have been widely used for the control
of microbial growth in personal care products. Typical FD preservatives
used in personal care products are; diazolidinyl urea, imidazolidinyl
urea, dimethylol-dimethyl hydantoin, and sodium hydroxymethylglycinate. These FD preservatives release small amounts of formaldehyde
over time which helps maintain product integrity during use. FD preservatives have been increasingly scrutinized in recent years due to the
potential health risk posed by formaldehyde. In an effort to reconfirm
the consumer safety, we have measured the free-formaldehyde levels
of FD preservatives in water and in-use personal care formulations at
various temperatures and pHs with the use of Carbon-13 nuclear magnetic resonance (NMR) spectroscopy. Within aqueous products, an
equilibrium exists among the FD preservatives, free formaldehyde and
hydrated formaldehyde (methylene glycol) that favors the methylene
glycol form over free formaldehyde by 10,000 fold. Accordingly, only
methylene glycol can be observed in the NMR spectrum, and therefore
the free formaldehyde level must be calculated from its equilibrium
value of 0.04% of the methylene glycol level observed by Carbon-13
NMR. The free-formaldehyde in personal care products was less than
0.25 ppm or not detectable within temperature (25 - 60 oC) and pH (5.5
- 8.5) ranges evaluated. Despite the exaggerated exposure scenario, our
analytical data provided evidence that potential exposure to formaldehyde from the use of personal care products containing FD preservatives is not expected to pose a health risk to the consumers. Additionally,
the amount of formaldehyde present in personal care product is significantly less than the concentration that occurs naturally in the body
(2.6-12 ppm).a a European Food Safety Authority Journal 2014;12(2):3550

1885 Potential Airborne Asbestos Exposures

Associated with the Historical Use of Cosmetic
Talc Products

A. M. Burns, K. Unice, A. Banducci, C. Barlow, and J. Sahmel.
Cardno, Brooklyn, NY.
Talc is a mineral that has been used in a number of applications such
as talcum powder, rubber, paper, paints, and pharmaceuticals. The
two general grades of commercial talc, industrial and cosmetic, are
sold depending on functional or physical characteristics required for
specific applications. Cosmetic talc mainly consists of relatively pure
platiform talc, whereas industrial talc may be platiform or fibrous and
may contain other mineral ores and silicates such as tremolite, anthophylite, and serpentines. Over the years, concerns have been raised
regarding the potential for human exposure to asbestos in cosmetic
talc-containing consumer products. In 1985, the US FDA addressed
these concerns when they conducted a risk assessment to evaluate the
potential asbestos exposure associated with the scenario of powdering
a baby. The purpose of our assessment was to understand the potential
cumulative exposures to asbestiform minerals such as tremolite during
typical consumer use of talcum powder products, assuming some trace
level of asbestos may have historically been present in certain products.&nbsp;Using personal airborne exposure measurements associated
with two typical use scenarios: a baby being powdered and an adult
using powder, and published frequency and duration data for typical
consumer use over the course of 2 and 70 years respectively, potential
cumulative asbestos exposures were estimated. This analysis expands

upon the previous US FDA assessment by including all of the available
exposure data to date and also by assessing the scenario of adult use
over a period of 70 years. Exposures were estimated using the upper
bound assumption that some historical talcum power products could
have contained as much as 0.1% asbestos, an assumption that has been
used by the US FDA in assessing potential exposures associated with
cosmetic talc use. The estimated range of cumulative exposure potential
for consumer use ranged from 0.0000073 to 0.28 f/cc-environmental
year. These cumulative exposure estimates were well below or within
the range of the published general population cumulative background
exposures, which have not been associated with increased incidence of
asbestos-related disease&nbsp;for any fiber type. These results indicate
that even under the upper bound assumption of 0.1% asbestos content
in historical cosmetic talc products, consumer use under typical scenarios is unlikely to pose an asbestos exposure risk.

1886 Derivation of a Factor to Convert Cosmetic Talc
Dust Concentrations to “Worst Case” Asbestos
Concentrations

E. Miller, A. Riordan, and J. Pierce. Cardno ChemRisk, Chicago, IL.
While there is a general scientific consensus that cosmetic talc products
do not currently contain asbestos, questions have been raised about
the potential presence of asbestos in historical cosmetic talc products.
Consequently, it may be useful to evaluate these hypothetical asbestos
exposures. While there are numerous measurements of airborne dust
levels specific to cosmetic talc use, there are no published dust-tofiber conversion factors for evaluating airborne asbestos levels in these
studies. In this analysis we derived factors for the conversion of total
and respirable cosmetic talc dust to estimated airborne asbestos fiber
concentrations. A literature search was conducted to identify studies
that simultaneously measured airborne levels of total (mppcf) or respirable dust (mg/m3) and fibers (f/cc, > 5µm) during cosmetic talc use
or in talc mining settings. Two papers were identified that presented
results of paired talc dust and fiber samples collected during various
operations at commercial talc mines and mills; no studies specific to
cosmetic talc were identified. Dust-to-fiber conversion factors were
derived for all operations, and for mining and milling separately. The
total dust-to-fiber conversion factor for all operations combined (n=48)
was 1.48 (95% CI 1.08-2.02); conversion factors for mining (n=25) and
milling (n=24) operations were 1.03 (95% CI 0.61-1.74) and 2.15 (95% CI
1.63-2.83), respectively. The respirable dust-to-fiber conversion factor
for all operations was 5.52; conversion factors for mining (n=14) and
milling (n=29) operations were 5.23 and 5.81, respectively. If it is conservatively assumed that 0.1% of bulk cosmetic talc is asbestos fiber, total
and respirable dust-to-asbestos fiber conversion factors are 0.00148 (i.e.,
1 mppcf total dust = 0.00148 f/cc asbestos in cosmetic talc) and 0.00552
(i.e., 1 mg/m3 respirable dust = 0.00552 f/cc asbestos in cosmetic talc),
respectively. This worst-case assumption (0.1%) was previously used by
the US FDA in a risk assessment that determined cosmetic talc posed
no asbestos-related health risk to infants during diapering. To the best
of our knowledge, this analysis is the first to present conversion factors
for talc dust concentrations to estimated asbestos fiber concentrations
in this manner. These factors can be used to assess asbestos exposures
during the use of cosmetic talc and represent “worst case” estimates, as
they assume asbestos fibers are actually present in cosmetic talc.

1887 A Quantitative Assay to Detect and Measure
Carbon Nanotube Contaminants

Y. XU, D. Patel, and Z. Zhou. Luna Innovations Inc., Danville, VA.
Sponsor: M. Ehrich.
Carbon nanotube (CNT) based materials have been widely applied in
many fields which suggests that a significant portion will enter the environment with potential consequent risks. As several federal agencies
consider regulations on the exposure limits of CNTs and carbon materials, sensitive and quantitative detection can help not only better define
exposure limits but also monitor the potential release of CNTs. However,
the current technologies are inadequate for the quantitative detection
of CNT contamination. In order to overcome the limitation of existing
methods, Luna is developing an optical sensing system that can specifically detect and quantify CNTs and provide a rapid, sensitive, and
easy-to-use assessment tool for environmental samples. Materials and
Methods: CNT samples were well dispersed in SDS 1 % (w/v) solution
with 1h sonication to obtain a stock concentration. Dye (6-carboxyfluorescein) labelled polymer was used as the capture reagent for the CNT
concentration indicator. The fluorescence quenching factor F0/F, where
F0 and F are the fluorescence intensities of the fluorescent tag in the
absence and presence of CNTs, was used for the evaluation of CNT concentration in the samples. Limits of detection (LOD) was determined
as 3.0 ppb using standard method. Interference compounds, such as
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tamination 1) in air during the manufacturing process and 2) in water
and olive oil stored in the completed bottle for varying periods of time.
Samples were analyzed with gas chromatography/mass spectrometry
(GC/MS) for concentrations of 16 PAHs identified by the US EPA as priority pollutants. Eight PAHs were detected in concentrations of 1-10 µg/
m3 in air and 50 - 900 ng/L in water after two months of storage, ranging
from two-ring (naphthalene and methylnaphthalene) to four-ring molecules (fluoranthene). Given their highly lipophilic nature, all 16 PAHs
analyzed were detected in olive oil after two days (2 to 35 µg/kg), two
weeks (3 to 66 µg/kg), and two months (5 to 140 µg/kg) of storage. We
conclude that for California Indians, asphaltum-coated water bottles
were not a significant source of PAH exposure alone, but may have contributed to PAH-related health effects in combination with other exposure pathways and toxic chemicals.

PAHs, detergents, pesticides, other carbon sources, and real samples
(Dan River water, VA) were tested. Results and Conclusions: The polymer
is able to specifically recognize the unique core structure of CNTs. The
fluorescent tag on the polymer indicated the fluorescence quenching
once the polymer had strong interaction with the CNT. Different sets of
calibration curves were generated and applied for measurement of variable ranges of CNT concentrations in the samples. A variety of CNT (single-walled and multi-walled with or without surface functionalization) in
various environmental mediums including soil, water, and air could be
quantified. CNTs could be distinguished from other carbon sources such
as carbon black, amorphous carbon, graphite or carbon fibers. The LODs
were in the range of 3.0-5.0 ppb with a broad dynamic range of ng-mg/
mL. The turnaround time is less than 30 minutes and training required is
minimal, so this system can readily provide toxicity level information for
the nanotoxicology R&D community such as NIEHS.

1888 Antimicrobial-Resistant Escherichia coli in

Environmental Waters in Northern Colorado

J. Gilliland1, A. Holder1, S. Vilchez2, M. Sobsey3, and E. Ryan1.
1Colorado State University, Fort Collins, CO; 2National Autonomous
University, Leon, Nicaragua; and 3University of North Carolina,
Chapel Hill, NC.
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Antimicrobial resistance (AMR) is an emerging issue for a suite of pathogens and is challenging to predict outbreaks in humans and animal
patients. Resistance can develop in microbes due to a spectrum of pressures from their environment. Global surveillance is essential to understanding how humans, animals and the environment are affecting fluctuations in resistance in promiscuous gene pools. Extended Spectrum
Beta Lactamase (ESBL) and Klebsiella pneumoniae Carbapenemase
(KPC) are resistance class that both work by secreting enzymes that
hydrolyze the beta lactam ring in certain antibiotics. The focus on E. coli
has relevance to both enteric pathogenicity and emerging roles in food
outbreaks. Waste water, river water, and sewage water from community and surrounding a hospital in Fort Collins CO were all sampled. 23
environmental samples were analyzed by membrane filtration to enumerate relative abundances of ESBL and KPC resistance at 12 different
sites. Bacteria strains were isolated using selective agars and analyzed
for resistance by disk diffusion on 8 different class of drugs. The E. coli
strains were confirmed via MALDI-TOF and genetic screening was done
using conventional PCR to screen for blaOXA, blaCTX-M, blaTEM, and
blaSHV genes. These strains were also analyzed determine biochemical
fingerprinting (PhP-RE plate system). Preliminary data from environmental waters had a total relative abundance of ESBL at 2.58% and KPC
at 1.17%. The relative abundance of ESBL in E. coli alone was 0.164% and
0.100% for KPC. Initial results show E. coli has resistance to ampicillin
in 100% of the isolates, resistance to tetracycline in 28.6% of isolates
and cephalosporin resistance in 57.1% of isolates. Whereas, all isolates
were susceptible to 3 different aminoglycosides. Using a culture based
method allowed for characterization of functional antibiotic resistant
landscape in Escherichia coli and provides a baseline pattern essential
to future risk assessment and surveillance efforts. Through our collaborations we have developed a simple, yet robust surveillance method
that has shown efficacy for determining the relative abundance of AMR
microbes, and includes the isolation and molecular characterization
which merits extension to additional locations locally and globally.

1889 Adsorption of Microcystins to Common Lab
Ware Depends on the Solvent and Surface

S. Altaner2, J. Puddick1, S. A. Wood1, and D. R. Dietrich2. 1Cawthron
Institute, Nelson, New Zealand; and 2University of Konstanz,
Konstanz, Germany.
Microcystins (MC), toxic secondary metabolites produced by various
genera of freshwater cyanobacteria, are cyclic heptapeptides including
two variable positions which, alongside some minor modifications at
other residues, represent >126 congeners. Active uptake of MCs via
organic anion-transporting polypeptides is followed by the irreversible inhibition of intracellular Ser/Thr-phosphatases, which results in
the hyper-phosphorylation of proteins. The risk of human intoxication
has increased due to more frequent mass occurrences (blooms) of
MC-producing cyanobacteria, therefore, accurate quantification of MCs
in environmental samples is crucial for ensuring public safety. Handling
of solubilized samples containing MCs has been shown to contribute
to analyte loss due to adsorption to commonly used laboratory ware.
In the present study the effect of solvent composition and acidity on
the adsorption of a range of MC congeners (MC-RR, -FR, -WR, -LR, -YR,
-RA, -RAba, -LA, -FA, -WA) to polypropylene (PP) pipette tips and glass
transfer pipettes was investigated using liquid chromatography-tandem
mass spectrometry. Loss due to absorption of individual congeners to
PP surfaces was observed under non-acidic conditions, as well as under

acidic conditions, while adsorption to glass surfaces was only observed
under acidic conditions. The adsorption to both glass and PP was alleviated by increasing the methanol content of the solutions, allowing
the minimal methanol concentration where no loss occurs to be established. The degree of the observed loss was dependent on the acidity
of the solution(s) and surface material used and was correlated with
the number of arginine residues present in a given MC congener. Taken
together the results presented here allow for a better insight into MC
sample loss during laboratory handling and provide a means to limit MC
losses during sample handling and analysis.

1890 Risk Assessment of Arsenic Speciation in

Sediment and Bagrid Catfish, Chrysichthys
nigrodigitatus, from an Impacted Tropical
Lagoon

A. I. Usese3, O. L. Chukwu3, R. Naidu1, M. M. Rahman1, S. Islam1,
and E. O. Oyewo2. 1Global Center for Environmental Remediation
(GCER), University of Newcastle, Callaghan, NSW, Australia;
2Nigerian Institute of Oceanography and Marine Research, Victoria
Island, Lagos, Nigeria; and 3University of Lagos, Lagos, Nigeria.
Global concerns for arsenic contamination and potential adverse effects
from human exposure via food and water prompted an investigation
into the risk associated with the forms of arsenic in the Lagos lagoon.
Bioavailability from sediment was determined after a five step sequential extraction by an Agilent 7500c Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) while potential risk was estimated based on the
criteria of risk assessment code (RAC) and speciation in muscle tissues
of wild population of Chrysichthys nigrodigitatus. The study revealed
86.21% of arsenic in the residual fraction, indicating low mobility. The
obtained total arsenic content in fish muscle was within acceptable
limits suggested by various authorities and predominantly as arsenobetaine (29-81%) and dimethylarsinate (2-29 %). Other arsenicals were
undetected except for an observed peak corresponding to the retention
time of arsenite which could not be quantified under the detection limit
in this study; thus calls for further investigation. This study emphasizes
the importance of speciation and a risk based approach to the assessment of toxic metals in edible biota.

1891 Evaluation of Metals (Cd, Pb) in Trachurus
picturatus

C. Rubio-Armendariz2, L. Acosta-Armas2, G. Luis-González2, D.
González-Weller2, n. J. Guiérrez2, C. Revert2, A. Hardisson2, and A.
Anadón-Navarro1. 1Universidad Complutense de Madrid, Madrid,
Spain; and 2Universidad de La Laguna, La Laguna, Tenerife, Islas
Canarias, Spain.
Background: Trachurus picturatus, is a widely consumed fish by Canarian
population, owing to its abundance and low price in the market.
Nowadays, monitoring the levels of metals in fish is an important issue
to consider when evaluating the risks and safety of seafood. Objectives:
1) to quantify the concentrations of metals (Cd, Cu, Pb and Zn) in 62
samples of Trachurus picturatus caught in the Canary Islands Atlantic
coastal waters (Spain), 2) to evaluate the intake of toxic metals (Cd and
Pb) and their contribution to the corresponding Provisional Tolerable
Weekly Intake (PTWI) and Tolerable Dairy Intake (TDI). Materials and
methods: 62 samples of Trachurus picturatus caught in the Canary
Islands coastal waters were analyzed by Inductively Coupled PlasmaOptical Emission Spectrometry (ICP-OES), of which 31 were muscle
tissue and 31 were liver tissue. Results: The mean concentrations (mg/
kg wet weight) of Cd, Cu, Pb and Zn in the liver (2.52±1.17, 4.07±2.02,
0.36±0.27, 23.1±5.67) are higher than the average concentrations in
the muscle (0.01±0.01, 1.51±0.41, 0.04±0.02, 4.69±1.33). Significant differences (p < 0.05) were found between muscle and liver metal levels.
Positive correlations (p < 0.01) were found between the concentrations
of Cu-Pb and Cu-Zn in the liver, while only one positive correlation (p <
0.05) was found in muscle tissue between concentrations of Pb-Zn. Cd
and Pb concentrations in this study were below the maximum limits
established for fish muscle by European legislation (0.1 mg Cd/kg w.w.
and 0.3 mg Pb/kg w.w., respectively). Based on a daily Trachurus picturatus consumption of 31.9 g/day, the estimated intake was 0.01 µg Cd/
day and 1.34 µg Pb/day. Conclusions: Fish consumption does not lead to
a significant intake of toxic metals (Cd and Pb); therefore, there are no
toxicological risks from the daily consumption of Trachurus picturatus.

Exposure Models via Analysis of Matched
Environmental and Biological Media
Measurements

D. Biryol2, R. W. Setzer2, J. Wambaugh2, R. Dodson1, R. Rudel1,
and K. Isaacs2. 1Silent Spring Institute, Newton, MA; and 2US EPA,
Durham, NC.
US EPA, under its ExpoCast program, is developing high-throughput
near-field modeling methods to estimate human chemical exposure
and to provide real-world context to high-throughput screening (HTS)
hazard data. These novel modeling methods include reverse methods
to infer parent chemical exposures from biomonitoring measurements
and forward models to predict multi-pathway exposures from chemical use information and/or residential media concentrations. Here, both
forward and reverse modeling methods are used to characterize the
relationship between matched near-field environmental (air and dust)
and biomarker measurements. Indoor air, house dust, and urine samples
from a sample of 120 females (aged 60 to 80 years) were analyzed. In
the measured data, 78% of the residential media measurements (across
80 chemicals) and 54% of the urine measurements (across 21 chemicals) were censored, i.e. below the limit of quantification (LOQ). Because
of the degree of censoring, we applied a Bayesian approach to impute
censored values for 69 chemicals having at least 15% of measurements
above LOQ. This resulted in 10 chemicals (5 phthalates, 5 pesticides)
with matched air, dust, and urine metabolite measurements. The population medians of indoor air and dust concentrations were compared
to population median exposures inferred from urine metabolites concentrations using a high-throughput reverse-dosimetry approach.
Median air and dust concentrations were found to be correlated with
inferred exposures (dust: r=0.60, air: r=0.56). Inferred phthalate exposures were generally underestimated by exposure predictions based
on media concentrations (via inhalation, dermal, nondietary ingestion
pathways); combining forward food-contact exposure estimates with
indirect exposures in a linear model of inferred parent exposure yielded
an R2=0.67, p=0.02. These result indicate that the forward and reverse
methods being developed in ExpoCast can aid in the interpretation of
measured urinary biomarkers via inference of corresponding intake of
parent chemicals and elucidation of contributing exposure pathways.

1893 Factors Related to Benzene Exposure among
Workers at Gasoline Stations

P. Suggaravetsiri1, S. Chaiklieng1, N. E. Kaminski2, and H. N.
Autrup3. 1Khon Kaen University, Khon Kaen, Thailand; 2Michigan
State University, East Lansing, MI; and 3University of Aarhus,
Aarhus, Denmark.
Trans, trans- muconic acid (tt-MA) is a metabolite widely used biomarker
to identify low benzene exposure. The objective of this study was to
investigate factors related to benzene exposure using tt-MA as a biomarker in gasoline station workers. Spot urine samples were collected
and analyzed for tt-MA using High Performance Liquid Chromatography.
Additional data was collected via subject interviews using a structural
questionnaire. The ambient benzene concentration was measured by
personal sampling and analyzed by gas chromatography with a flame
ionization detector. Results showed that, among 170 workers, tt-MA was
detected in 24.7% of workers and the detectable levels ranged from
23.04 to 1,127.84 µg/g creatinine. 26.2% of these workers had tt-MA
levels that exceeded 500 µg/g creatinine. A multiple logistic regression
analysis identified that factors significantly associated with benzene
exposure were having no other part-time jobs (ORadj=4.21, p-value =
0.003), air benzene concentrations found in working environment
(ORadj=10.31, p-value = 0.006), observed closely the fuel diffuser during
the fueling process (ORadj=93.70, p-value < 0.001), and no job training
(ORadj=2.74, p-value =0.028). In conclusion, tt-MA was detected in one
fourth of all gasoline workers tested. Biomonitoring and safety training
are recommended for those workers under a work condition of a lower
exposure level than the permissible occupational limit for benzene in
work setting.

1894 A Sensitive Method for Simultaneous

Determination of Trichloroethylene and Its
Metabolites Using a Liquid Chromatography
System Coupled with Ultraviolet Detection

L. Narayanan, and D. R. Mattie. 711 HPW/RHDJ, Wright-Patterson
AFB, OH.
Trichloroethylene (TCE) is an environmental contaminant and a well-established rodent carcinogen. Trichloroacetic acid (TCA) and dichloroacetic acid (DCA) are two toxic metabolites of TCE. A sensitive high
performance liquid chromatography (HPLC) method was developed
for simultaneous determination of TCE and its two metabolites DCA
and TCA using an Agilent LC - 1260 system coupled with ultraviolet
(UV) detection. Gradient separations of TCE and its metabolites were
achieved using a reverse phase Zorbax 300 SB-C18 column preceded by
a ZORBAX 300 SB-C18 guard column (4 x 12.5 mm, Agilent). The column
effluent was monitored at a wavelength of 210 nm corresponding to
the UV absorption peaks of TCE and its metabolites. The method detection limit (MDL) for TCE and its metabolites in water was 0.2 µM. The
MDLs for TCE, TCA and DCA were 0.04, 0.04 and 0.03 µM, respectively
in concentrated plasma samples. The precision (between-sample variability), as expressed as the coefficient of variability, was excellent for
spiked plasma samples ranging from 1.1 to 4.5%. The HPLC procedure
described provides a high degree of reproducibility and reliable results.
The method is capable of detecting TCE and its metabolites in the range
5 - 20 µM in biological samples. This method can provide accurate dose
exposure data that can be used to help develop a physiologically-based
pharmacokinetic model for trichloroethylene and its metabolites.

1895 Documenting the Kinetic Time Courses of

Lambda-Cyhalothrin Metabolites in Orally
Exposed Volunteers for the Interpretation of
Biomonitoring Data

R. Khemiri2, J. Côté2, H. Fetoui1, and M. Bouchard2. 1Faculty
of Sciences of Sfax, Sfax, Tunisia; and 2IRSPUM—University of
Montreal, Montreal, QC, Canada.
Lambda-cyhalothrin is a pyrethroid pesticide largely used in agriculture. Exposure assessment can be performed by measuring key urinary
metabolites. For a proper use of biomonitoring data, it is however
important to gain information on the toxicokinetics of these key biomarkers of exposure. A human volunteer study was performed to
document the plasma and urinary time courses of major lambda-cyhalothrin metabolites. Seven volunteers ingested 0.025 mg kg-1 body
weight of lambda-cyhalothrin. Blood samples were withdrawn at fixed
time periods over the 72 h-period following ingestion and complete
urine voids were collected at pre-established intervals over 84 h postdosing. The cis-3-(2-chloro-3,3,3-trifluoroprop-1-en-1-yl)-2,2-dimethylcyclopropanecarboxylic acid (CFMP) and 3-phenoxybenzoic acid
(3-PBA) metabolites were quantified in these samples. Plasma concentrations of CFMP and 3-PBA increased rapidly after ingestion, reaching
peak values ≈ 3-4 h post-dosing; subsequent elimination phase showed
a rapid decay with a mean half-life (t½) of ≈ 6 and 8 h for CFMP and
3-PBA, respectively. Urinary rate time courses displayed a profile similar
to the plasma concentration-time curves with corresponding mean t½
of ≈ 9 and 8 h. In the 84-h period post-treatment, on average 21% of
lambda-cyhalothrin dose were excreted in urine as CFMP as compared
to 30% as 3-PBA. Overall, CFMP and 3-PBA metabolites were confirmed
to be major metabolites of lambda-cyhalothrin and exhibited similar
kinetics with short half-lives; they thus both appear as useful biomarkers
of exposure to lambda-cyhalothrin in humans.

1896 Kinetic Time Courses of Lambda-Cyhalothrin

Metabolites after Dermal Application of Matador
EC 120 in Volunteers

J. Côté2, R. Khemiri2, H. Fetoui1, and M. Bouchard2. 1Faculty
of Sciences of Sfax, Sfax, Tunisia; and 2University of Montreal,
Montreal, QC, Canada.
The kinetic time courses of lambda-cyhalothrin metabolites (cis-3-(2chloro-3,3,3-trifluoroprop-1-en-1-yl)-2,2-dimethylcyclopropanecarboxylic acid (CFMP) and 3-phenoxybenzoic acid (3-PBA)) were determined
in urine and plasma of dermally exposed volunteers, to better assess
biomonitoring data in workers exposed to this widely used pyrethroid.
A 0.25 mg kg-1 dose of lambda-cyhalothrin in Matador EC120 formulation (120 g/L) was applied on 40 cm2 of the forearm and left without
occlusion or washing for 6 h. The application site was then washed thoroughly with soap and ethanol. Blood samples were withdrawn at fixed
time periods over the 72 h-period following application and complete
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1892 Evaluation of High-Throughput Chemical

urine voids were collected over 84 h post-dosing for metabolite analysis.
In the hours following treatment, an increase in plasma concentrations
of CFMP and 3-PBA was observed, with peak levels being reached at 10
h post-application for both metabolites. The ensuing elimination phase
appeared monophasic with a mean elimination half-life (t½) of 9 and 13 h
for CFMP and 3-PBA, respectively. The blood concentration-time courses
and excretion rate profiles evolved in parallel and mean elimination t½ of
13 and 9 h, respectively, were calculated from the urinary curves. Over
the 84-h period post-application, metabolites were almost completely
excreted, and on average 0.09 and 0.07% of lambda-cyhalothrin dose
were recovered in urine as CFMP and 3-PBA, respectively, suggesting a
low dermal absorption fraction of this pyrethroid. This study showed the
potential use of CFMP and 3-PBA for the assessment of dermal exposure
to lambda-cyhalothrin pyrethroid.

1897 Detection of Aflatoxin B1-Lysine Adduct in the

Dried Blood Spot Samples from a High Risk Area
of Children Growth Stunting

W. Cai2, K. S. Xue2, J. Y. Andrews Chavez1, S. Ghosh1, L. Tang2,
P. Webb1, and J.-s. Wang2. 1Tufts University, Medford, MA; and
2University of Georgia, Athens, GA.
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Studies in recent years suggested a link between childhood stunting,
a developmental disorder with various adverse health outcomes, and
chronic dietary exposure to aflatoxin B1 (AFB1). To firmly establish a
strong correlation between clinical diagnosis and AFB1 exposure, multiple sampling during earlier childhood is required, especially within
one year of age, for which traditional venipuncture based whole blood
sample collection would be invasive and somewhat impractical in
young children. As a result, dried blood spots (DBS) have emerged as
an attractive alternative to venous blood sample collection due to its
less invasive nature, and DBS-based measurement is currently recommended for such clinical studies among young children. In this study,
DBS samples (n=172) collected from a high-risk area of children growth
stunting were used to detect the reliable AFB1 exposure biomarker,
AFB1-lysine adducts. Each of these DBS samples were processed and
analyzed using previously developed method for analysis of the AFB1
biomarker. The detection rate was 97.7% (168/172) and the median level
of AFB1-lysine adducts was 3.71 (range: 0.5-27.63) pg/mg albumin. The
geometric mean was 3.37 (95% confidence interval; 3.01-3.78) pg/mg
albumin. The results of DBS samples were further compared with those
of corresponding serum samples. The overall Pearson’s correlation coefficient was 0.69 (p= 0.0006). The Bland-Altman Plot analysis also showed
a good agreement with over 90% samples within the mean difference
±1.96 standard deviation. Results of this study suggested that our previously developed HPLC-florescence method is valid in detecting the
AFB1-lysine adducts in field collected DBS sample, and the method is
now in standardization for application in large scale of epidemiological studies supported by the United States Agency of International
Development Feed The Future Research Program.

1898 Analysis of 1-Bromopropane Concentration in

the Brain and Blood Samples Obtained from Rats
Exposed to 1-BP Vapor Using a 2-Compartment
Model

Y. Fueta2, E. Yasumatsu2, K. Imamura2, M. Hinoue2, E. Garner1,
and H. Hori2. 1Radikal Therapeutics, Inc., West Tisbury, MA;
and 2University of Occupational and Environmental Health,
Kitakyushu, Japan.
1-Bromopropane (1-BP) is an organic solvent mainly used for degreasing
agents and spray adhesives. Several studies have reported that 1-BP
had toxicity in the central nervous system such as memory difficulty
in workers who used 1-BP in workplaces. We had reported the central
neurotoxicity using hippocampal slices obtained from the adult rats
subchronically exposed to 1-BP. Furthermore, a direct administration of
1-BP to the rat hippocampal slices resulted in the inhibition of synaptic
plasticity called a long-term potentiation in a concentration-dependent
manner of 1-BP. Therefore, 1-BP itself is at least one of causative substances responsible for central neurotoxicity. Thus, if the brain concentration of 1-BP can be estimated based on the blood concentration, it
provides critical information for interpreting the results of biological
monitoring. In order to ascertain the relationship between the concentrations of 1-BP in the blood and the brain, the present study examined
whether the concentration of 1-BP in the brain could be estimated or
not based on that in the blood during the 6 hours inhalation of 1-BP (700
ppm) to rats and 4 hours clearance period. Blood samples were collected
over time via cardiac catheterization and brains were obtained by a
decapitation after the end of each inhalation period. To avoid the volatilization of 1-BP, the brain was homogenized in a laboratory-made closed
homogenizer. The 1-BP concentration was determined by a head-space

gas chromatography. Our results showed that the concentration of 1-BP
in the brain was twice as high as that in the blood from 30 minutes after
inhalation to 1-BP started to the end of 6 hour inhalation. At 5 hours after
inhalation started, the experimental 1-BP concentration was slightly
greater than the calculated value, suggesting that the amount of 1-BP in
the rat increased as the inhalation time became long, and the metabolism in the liver was not able to catch up with the increase of 1-BP under
the inhalation conditions used in this study. Mathematical analysis with
a 2-compartment model revealed that 1-BP had a half-life of 63 min. Our
study suggests that 1-BP accumulates in the brain and a 2-compartment
model works well for analysis of concentration during inhalation.

1899 Rapid Feasibility Screening to Microsensor
Platforms for Non-Invasive Human
Biomonitoring

T. J. Weber, J. N. Smith, Z. A. Carver, and C. Timchalk. Pacific
Northwest National Laboratory, Richland, WA.
Non- or minimally invasive methods for measuring chemical (toxicant/
drug) biomarkers in human populations have wide application to
address health concerns. Preferably, biomarker measurements will be
rapid and quantitative to enable direct assessment of systemic chemical
concentration with biological response. To achieve this goal, we have
assembled a multidisciplinary research team with expertise in nanotechnology, sensor development, pharmacokinetics, bioanalytical chemistry and toxicology. Our initial focus has been on saliva biomonitoring.
Saliva is an excellent matrix for non-invasive biomonitoring and has the
advantage of being accessible on demand. However, a major limitation
has been an inability to identify which chemicals are readily cleared in
saliva, at levels that can be quantified. To address this limitation, we
have developed a primary salivary gland serous-acinar screening assay
that can be used for chemical transport studies in vitro. Serous-acinar
cells form exceptional tight junctions (transepithelial electrical resistance routinely >2000 Ω/cm2) that can withstand mild to moderate
stress without loss of barrier integrity. This is a key feature of a screening
system for chemical transport study. The insecticide chlorpyrifos (CPF)
and its primary metabolite trichlorpyridinol (TCPy) can be quantified in
saliva at concentrations that are less than, but parallel to blood levels.
Results from the serous-acinar screening system indicate that chlorpyrifos transports by diffusion with transport rates that are linear among
doses tested. The Transwell system used for chemical transport investigations enables control over apical and basolateral compartments independently. We exploited this feature to determine the impact of protein
binding on TCPy diffusion coefficient and used the data to parameterize
a cellular computational model for chemical transport. The results accurately predicted in vivo concentrations of TCPy in rat saliva. These experiments establish the feasibility of utilizing an in vitro cell based uptake/
clearance assay coupled with pharmacokinetic modeling as a novel
chemical screening strategy to identify chemical candidates for saliva
biomonitoring. Current efforts utilizing a microsensor platform that has
been successfully applied to human biomonitoring in workers exposed
to CPF occupationally will be discussed. (Supported by CDC/NIOSH grant
R01 OH008173)

1900 Influence of Heat Stress on the Pulmonary

Absorption and Disposition of Volatile Organic
Solvents

A. Marchand3, J. Ménard2, P. Brochu2, G. Truchon1, and S. Haddad2.
1IRSST, Montreal, QC, Canada; 2Université de Montréal, Montreal,
QC, Canada; and 3Université de Montréal/IRSPUM, Montreal, QC,
Canada.
If physiological changes caused by heat stress are well known, it remains
uncertain as to how it affects pulmonary absorption and disposition of
volatile substances. Among reported changes, increased alveolar ventilation rate can lead to an increased absorption. Health problems have
been related to air pollution during heat waves and a great number
of workers can be simultaneously exposed to heat and volatile organic
chemicals (VOCs). In order to determine if internal exposure to VOCs is
increased by coexposure to heat, human volunteers were exposed in
an inhalation chamber for 4 hours to toluene (TOL) or dichloromethane
(DCM) at 50 ppm (TLV). Exposure to each solvent was repeated three
times at a wet bulb globe temperature (WBGT) of 21, 25 and 30oC.
Relative humidity was kept around 44%. In the initial phase of the study,
basic physiological parameters (respiratory functions, cardiac output,
VO2, and skin temperature, etc.) were also assessed at each temperature (on other submitted abstract). Blood, urine and exhaled air samples
were collected. Core temperature was monitored and water consumption was controlled. Only blood and exhaled air samples have been analyzed so far. No statistically significant differences could be observed for
exhaled air between the different temperatures for any solvent. Blood

1901 Estimated Inter-Individual Variations in High-

Performance Aircraft Pilot Exposures Using
Physiologically-Based Pharmacokinetic (PBPK)
Modeling and Monte Carlo Analysis

T. R. Covington, H. A. Pangburn, R. S. Mayes, D. K. Ott, and J. M.
Gearhart. US Air Force School of Aerospace Medicine, WrightPatterson AFB, OH.
Pilots of high-performance aircraft (HPA) may be exposed to various
chemical irritants passing through the on-board oxygen generation
system. In order to better understand how to best protect them from
these exposures, individual susceptibilities due to inter-individual variability must be better understood. Work was previously conducted
using physiologically-based pharmacokinetic (PBPK) modeling to estimate exposures that could result in the target exhaled breath measurements from a High-Performance Aircraft Respiratory Study (HPARS).
These reconstructions allowed for the determination of possible exposure concentrations across a range of exposure lengths and times, or
scenarios, that might be experienced by pilots during flight, but these
were single point estimates and do not reflect the variation that occurs
due to differences in individual physiology. Therefore, the previous work
was expanded to explore the potential variation in pilot exposure due
to inter-individual variations by using the PBPK models in conjunction
with Monte Carlo analyses. Use of these probabilistic methods enabled
accounting for individual variability through the use of various distributions to describe each model parameter and allowed for the prediction
of a distribution for exposure concentrations rather than single point
estimates. Analyses were conducted for specific exposure scenarios as
well as across the range of these scenarios. Distributions were determined for the resulting exhaled breath concentrations for a fixed
exposure concentration and for estimated exposure concentrations
required to predict the measured target exhaled breath concentrations.
The resulting ranges of estimated exposure concentrations for a given
exposure scenario encompassed almost a 100-fold difference and across
exposure scenarios encompassed approximately a 1000-fold difference.
These resulting distributions allow for better interpretation of inter-individual variability in exposure and allow for better comparison to exposure levels and symptomology from the literature associated with these
chemicals.

1902 Exposure Assessment of Multiple Chemicals
Starting from Biomonitoring Data

D. Sarigiannis, E. Handakas, A. Gotti, K. Papadaki, and S. Karakitsios.
Aristotle University of Thessaloniki, Thessaloniki, Greece.
The current study aimed at the estimation of external and target tissue
exposure to 15 different chemicals, including both rapidly (BPA, DEHP,
triclosan) and non-rapidly (PCBs, BDEs, HCB, DDT) metabolized compounds, starting from human biomonitoring (HBM) data. The simulations were carried out in the INTEGRA computational platform, a software that provides realistic exposure scenarios coupled with a generic
physiologic based bio-kinetic (PBBK) model and numerical “reversal”
techniques for exposure reconstruction. The exposure reconstruction
algorithm is based on the Markov chain Monte Carlo and dynamic evolution Monte Carlo techniques. The process starts from ancillary exposure-related data that are fed into the exposure model. The results
are evaluated against the biomonitoring data distributions, aiming
at the reduction of uncertainty in back-calculating doses, by minimizing the error between the predicted and the actual biomonitored
data. Parameterization of the model for a large chemical space is facilitated by quantitative structure-activity relationship (QSAR) models.
HBM data were obtained from cohort and biomonitoring studies from
Mediterranean Countries. Ancillary exposure parameters were obtained
from the INTEGRA database. The study focused on perinatal and childhood exposure. The results showed that the predicted intake dose is
commensurate with intake estimates found in literature for both short
and long term exposure scenarios of the European population. For the

rapidly metabolised compounds, external intake estimates (e.g. for BPA
0.4 μg/kg_bw/d) were significantly lower than the respective tolerable
daily intake (TDI), while target tissue doses (e.g. for BPA 0.002 μg/L)
where below the respective Biological Pathway Altering Doses (e.g. for
BPA 16 μg/L) obtained from ToxCast; the only scenario of concern, was
exposure to BPA of premature infants hosted in intensive care units.
Lower margins of safety for neonates and infants were obtained for the
non-rapidly metabolised compounds, due to trans-placental transfer
during pregnancy and through maternal milk during lactation.

1903 Simultaneous Detection of Organophosphate
Flame Retardants, Plasticizers, and Pesticides
from Biological Matrices by GC-ITMS

S. M. Marco, I. Yang, and B. Buckley. Rutgers University,
Piscataway, NJ.
The phase-out of polybrominated diphenyl ether (PBDE) flame retardants based on persistence in the environment, bioaccumulation, and
toxicity created a demand for alternatives such as organophosphate
flame retardants (OPFRs). OPFRs are emerging chemicals of concern,
because they have been reported to induce various toxic effects
including neurotoxicity in adult rats, mice, as well as other mammals,
and early life stage zebrafish. OPFRs belong to a structurally similar class
of compounds called organophosphate esters (OPEs), which includes
organophosphate pesticides (OPs) and plasticizers. Studies on the
general distribution and accumulation of OPFRs and plasticizers in biological tissue following subchronic exposure in vivo are limited. These
data are necessary to advance our understanding of OPEs’ potential
target organs and toxicities. The purpose of this study was to develop
an analytical method for simultaneous detection of OPEs, which could
be used to address this data gap. Gas chromatography-mass spectrometry (GC-MS) can be used to identify and quantify these compounds.
Separate GC-MS methods for the detection of OPs, OPFRs, and plasticizers in biological matrices exist; however, there is a need for a single
method to analyze OPEs to reduce the time and cost of analysis. In
the present study, a GC-ITMS method developed to detect 7 OPEs: tris
(2-chloroethyl) phosphate (TCEP), tributyl phosphate (TBP), triphenyl
phosphate (TPP), tricresyl phosphate (TCP), tris (1,3-dichloro-2-propyl)
phosphate (TDCPP), dichlorvos (DDVP), and chlorpyrifos oxon (CPO).
Using a temperature programmed injection and a microbore capillary
GC coupled to an ion trap MS, we achieved complete chromatographic
separation with retention times in the following order: DDVP < TBP <
TCEP < CPO < TDCPP < TPP < TCP. Under external electron ionization,
the most abundant mass to charge ratio (m/z) for each compound was
185 (DDVP), 99 (TBP and TDCPP), 249 (TCEP), 242 (CPO), 325 (TPP), and
368 (TCP). The limit of detection for the compounds ranged from 1-10
ppb. This GC-ITMS method in combination with liquid-liquid or solid-phase extraction can be used to quantify OPEs in serum and tissue to
inform us of their partitioning in vivo.

1904 Determination of Selected Endocrine

Disruptors in Eggs by Homemade Spe and Gas
Chromatography-Mass Spectrometry

O. Kuzukiran2, B. Yurdakok-Dikmen1, C. E. Orhan1, F. E. Totan1, U.
T. Sireli1, and A. Filazi1. 1Ankara University Faculty of Veterinary
Medicine, Ankara, Turkey; and 2Veterinary Control Central
Research Institute, Ankara, Turkey.
Phthalates, Polychlorinated biphenyls (PCBs), Polybrominated diphenyl
ethers (PBDEs) and Organochlorine pesticides (OCPs) cause concern due
to their potential mutagenic, carcinogenic and endocrine disrupting
effects. These chemicals cause adverse health effects at very low concentrations which makes them important for risk assessment authorities and for monitoring purposes. Detection of contaminants in food
are laborious, expensive and contains several steps. These methods are
generally advanced at aiming one class of contaminants, which eventually cannot correspond the demand of monitoring a quickly rising
number of pollutants in the environment. Since eggs are important
components of pediatric and adolescent nutrition, there is a special
interest for detecting the contaminants in this matrix for risk analysis.
The aim of this present study was to examine a confidential, easy, time
saving and inexpensive extraction technique based on homemade
SPE extraction by GC-MS for the determination of multiple groups of
phthalates, PCBs, PBDEs and OCPs in egg. Extraction procedure include
a homemade cartridge containing PSA, C18 and magnesium sulfate
and the chromatographic separation was carried out using a DB-5MS
capillary column. Acetonitrile extraction followed up with and clean-up
procedures with different adsorbents supplied relatively clean extracts.
This procedure was validated, and successfully applied on screening of
6 phthalates, 7 PCBs, 6 PBDEs, and 8 OCPs in eggs. For all analytes, high
linearity, recovery (90-110%) with all RSD values <10% were achieved.
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DCM levels for the 21 and 25oC (WBGT) were not significantly different.
However, blood DCM levels at the end of the 4 hour exposure at 30
degree Celsius WBGT were significantly changed by a mean increase of
37% compared to the lowest temperature. For toluene, all blood levels
were well predicted by the model. Yet, blood levels at the end of the 4
hour exposure at the higher temperature are higher (+20%) than for the
lower temperatures (p<0.05). Moreover, results in initial part of the study
have shown a decrease in alveolar ventilation rates as the temperature
increased. Exposures to acetone will also be conducted as it presents
different properties than toluene and DCM. PBPK models will be developed to integrate the data on physiological parameters changes and to
investigate further if the solvents concentrations can be predicted by
considering coexposure to higher temperatures.

LOQs were 0.195-5.2 µg/kg. This reliable and cost effective procedure for
monitoring selected multiple endocrine disruptors levels in eggs; do not
require complicated device nor intensive manual efforts, which would
also minimize the depletion of the organic solvents and could be used
for routine screening. This study also provides important preliminary
information regarding the residues in eggs from organic, free-range and
industrial poultry houses.

1905 Hepatic, Cardiovascular, and Other Biomarkers

Associated with Organics and Metals Exposure
in Female Vietnamese Electronic Waste Workers
and Comparisons

A. J. Schecter2,3,, J. S. Kincaid2, H. Clair2, M. Cave2, A. Bhatnagar2,
D. Riggs2, and L. Birnbaum1. 1National Cancer Institute, National
Institutes of Health, Research Triangle Park, NC; 2University of
Louisville School of Medicine, Louisville, KY; and 3University of
Louisville School of Public Health and Information Sciences,
Louisville, KY.
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Electronics and electronic waste (e-waste) are rapidly increasing worldwide. Developed countries tend to send much of their e-waste to developing countries, including Vietnam, where home based recycling is
common and occupational safety precautions are sparse. We report on
biomonitoring of occupational and environmental exposures to metals
and halogenated organics in blood and urine from 50 female e-waste
recyclers and 30 comparisons from rural Northern Vietnam. Blood and
urine samples were collected between 2010 and 2014. IRB approval
was obtained for this study. Whole blood, serum, and urine were collected from 80 volunteers. Statistical analyses using SAS were performed
comparing dioxins, dibenzofurans, PCBs, PBDEs, pesticides, metals, and
demographic data to biomarkers of disease, including CK18, M65, M30,
adiponectin, insulin, hemoglobin A1C, triglycerides, cholesterol, and
certain other pro-inflammatory cardiac markers. Chemical analyses were
performed at CDC laboratories using standard methods employed in
their NHANES studies of the US general population. In general, certain
PBDE congeners were higher in recyclers, while PCB levels were usually
the same between groups. Of note, lead was higher in the recyclers
than comparisons. In general, levels of total PCBs and PBDEs were
lower in the Vietnamese than in age and gender matched subjects from
NHANES. Elevated levels of various arsenic species, lead, cadmium, and
methyl mercury were found to be higher in both recyclers and comparisons vs NHANES. Exposure to select organics and metals including
lead, arsenic, and mercury were associated with markers of necrotic liver
damage, insulin resistant diabetes risk, and cardiovascular disease risk
in both electronic waste and non-electronic waste recyclers sampled at
one time point. Other e-waste may vary in composition, making further
studies desirable. However, various occupational and environmental
measures aimed at reducing exposures would seem to be indicated.
We thank CDC chemists Andreas Sjödin and Kathleen Caldwell for their
analyses.

1906 Early-Life Plasma Levels of Polybrominated

Diphenyls Ethers (PBDEs) in Californian Children

Lotfi1,

L.
B. Puschner2, W. Elms2, I. Hertz-Picciotto2, and M.-A.
Verner1. 1Universite de Montreal, Montreal, QC, Canada; and
2University of California Davis, Davis, CA.
Studies have detected PBDEs in blood, adipose tissue and breast milk
samples from the general population. Exposure to PBDEs is assumed to
be greatest during infancy and childhood. Yet, few studies measured
early-life children’s plasma levels. In this study, we aimed to document
and compare levels of four PBDE congeners (BDE-47, BDE-99, BDE-100,
BDE-153) in maternal plasma during pregnancy and children’s plasma
at the age of 12, 24 and 36 months. Blood samples were collected
from mothers and children participating to the Markers of Autism Risk
in Babies - Learning Early Signs (MARBLES) study in California. PBDE
levels were measured by GC/EI-MS/MS and expressed on a lipid basis.
To understand the relationship between maternal levels and children’s
levels, we calculated child:mother plasma level ratios by dividing children’s levels (12, 24 and 36 months) by maternal levels measured during
the third trimester of pregnancy. We found some of the highest children’s plasma PBDEs levels ever reported, especially for BDE-47 with
median (range) levels of 30 ng/g lipids (<LOD-216) at 12 months, 38
ng/g lipids (<LOD-417) at 24 months and 32 ng/g lipids (<LOD-501) at
36 months. Median child:mother plasma level ratios for the different
congeners ranged from 2.6 to 3.8 at 12 months, 1.9 to 2.8 at 24 months
and 2.1 to 3.5 at 36 months. This study clearly showed that children’s
plasma levels can greatly exceed their mother’s plasma levels during
pregnancy. Given the extent of exposure and concurrent child development during infancy and childhood, studies are needed to evaluate the
association between postnatal exposure to PBDEs and health effects.

1907 Distribution of Polybrominated Diphenyl Ethers
among Demographic Categories

G. Merilis2, G. Johnson2, M. Bourgeois2, N. Hall1, and R. Harbison2.
1University of South Florida, College of Nursing, Tampa, FL; and
2University of South Florida, College of Public Health, Tampa, FL.
Polybrominated Diphenyl Ethers (PBDEs) are flame retardants widely
used within the United States in various products such as plastics, electronics, textiles and furniture. With an increase in production and usage,
PBDEs have recently emerged as a contaminant of concern. Due to their
chemical structure, PBDEs have the propensity to bioaccumulate in
mammals. In fact, elevated PBDE concentrations have been recorded in
human breast milk. Due to the potential widespread exposure to PBDEs,
this study investigates human blood concentrations of PBDEs generated through the 2003-2004 National Health and Nutrition Examination
Survey. Through the use of linear regression modeling, a comparison of
mean PBDE levels in ng/g lipid is conducted based on age, gender and
ethnicity. From a sample of 2337 individuals, the average blood concentration of PBDEs was approximately 81 ng/g lipid. The average PBDE
concentration of males was significantly higher than females’, using
a 95% confidence level. In addition, PBDEs detected in human blood
ranged approximately from 0.05 to 3676 ng/g lipid, with the highest
levels found in black males. Furthermore, a logistic regression analysis is
conducted to determine whether an increase in background PBDE levels
is a risk factor for obesity. Finally, the measured concentrations of PBDEs
are compared to health outcome data to evaluate potential risk.

1908 Serum 1,1-dichloro-2,2-bis(4-chlorophenyl)

ethane (p,p’DDE) Concentrations and Prevalence
of Serum Anti-Nuclear Antibodies in Former
Farmworkers from the Lake Apopka Region of
Central Florida

M. O. James2, A. S. Kane2, J. Flocks2, E. Economos1, M. CharlesAyinde2, P. Weinstein1, C. Brown1, V. Dang2, M. Booth2, L. D.
Stuchal2, S. M. Roberts2, E. Sobel2, L. M. Morel2, and N. D.
Denslow2. 1Farmworker Association of Florida, Apopka, FL; and
2University of Florida, Gainesville, FL.
From the 1940s to the 1990s, former marshland on the north shore of
Lake Apopka was intensively farmed and organochlorine pesticides
(OCPs) including DDT were routinely applied to control pests. Studies
have associated exposure to these OCPs with serious negative impacts
on the reproductive health of area wildlife and to an unprecedented
bird mortality incident in 1998-99. Lake Apopka farmworkers exposed
to the same OCPs report high rates of systemic lupus erythematosus
(SLE) and other chronic illnesses. In this pilot study, blood was collected
in December 2015 from 20 African- American and Hispanic former farmworkers, ages 42 to 85. Blood was separated into serum, and extracts
were analyzed for a suite of OCPs by GC/MS/MS using a modification of
EPA method 525.2. Serum was analyzed for lipid concentration and the
presence of anti-nuclear autoantibodies (ANA, one of the 11 criteria for
the diagnosis of SLE). Samples from all participants contained p,p’-DDE
and two contained p,p’-DDT. The mean concentration of p,p’-DDE was
higher than the 90th percentile for people over age 20 from the NHANES
studies between 1999 and 2004, reported as 1344 ng/g serum lipid. DDE
concentrations in seven participants were greater than the 90th percentile, with the highest at 10,000 ng/g lipid. Of the 18 who did not have
a clinical diagnosis of SLE, 15 had positive ANA readings, a higher incidence than reported for other groups. These results confirm that Lake
Apopka farmworkers were exposed to DDT and retain higher concentrations of its metabolite DDE in their blood than the average American.

1909 Comparing Specific Iggs of Unexposed and

Exposed Chemical Plant Workers to Plastic
Resins by a Simple Method to Detect Plural
Chemical Specific IgGs in Serum

M. Tsuji3, H.-S. Yu2, Y. Ishihara1, T. Tsuchiya3, N. Ikeda-Ishihara1,
and T. Kawamoto3. 1Hiroshima University, Higashi-Hiroshima,
Japan; 2National Pingtung University of Science and Technology,
Pingtung, Taiwan; and 3University of Occupational and
Environmental Health, Kitakyusyu, Japan.
The production and consumption of plastics have increased worldwide. Most chemicals used for producing plastic polymers are derived
from an array of non-renewable crude oil components, with some of
these polymers being hazardous. We established an improved method
to detect plural chemical-specific IgG antibodies in human serum sensitively and simultaneously using a dot blot assay, and compared the
IgG content of unexposed workers and exposed workers at plants using

1910 Global DNA Methylation Status in the Subjects
with Exposure to Hebei Spirit Oil Spill: A LongTerm Epidemiological Epigenetics Study

N. Chatterjee, J. Jung, Y.-H. Kim, and J. Choi. University of Seoul,
Seoul, Korea, Republic of. Sponsor: B.-H. Lee.
Environmental epigenetics principally deals with the cause-effect relationships between the altered adaptive responses of biological organisms and the specific environmental factors. Indeed, several epigenetic
biomarkers (DNA methylation, histone modification and non-coding
RNA) have been successfully applied in human epidemiology and in sensible biomonitoring programs. In the present study we aim to accomplish the status of global DNA methylation and related machineries
(DNMTs/TET/MBDs gene expressions) as we all as its relationship with
oxidative stress due to exposure of Hebei Spirit oil spill. We examined
the global DNA methylation (5mC) status, related genes expressions and
its distinct trend over 5 years in the participants of oil cleanup works.
The global DNA hypomethylation (1.46 ± 0.5) was observed in exposed
group compared to control (low exposed group, 2.69 ± 0.26). Moreover,
significant (p <0.001) DNA hypomethylation trend was also evident with
time (2009 to 2014). The positive correlations, were found between the
oxidative stress markers (8-OHdG, MDA) and global DNA methylation
and related genes. Moreover, we found significant alterations in DNA
repair genes (OGG1 and MTH1 genes which are responsible for cleanup
and repair of 8-OHdG) expressions compared to control. Our future perspective is to evaluate the gene specific DNA methylation in OGG1 and
MTH1 to explain the prolong existence of high level of oxidative stress
markers. Taken together, our preliminary results indicate that global
DNA hypomethylation trend possibly play significant role in oil spill
exposure induced oxidative stress and in turn other related diseases.

1911 Mass Spectrometry Development of

Occupational Nanomaterial Exposure
Biomarkers

E. Mostovenko3, P. P. Muldoon3, A. Vucetic3, M. J. Campen2, A.
Erdely1, and A. K. Ottens3. 1NIOSH, Morgantown, WV; 2University
of New Mexico, Albuquerque, NM; and 3Virginia Commonwealth
University, Richmond, VA.
Recent growth in application of engineered nanomaterials (ENMs)
causes increased human occupational exposure creating a demand for
health risk assessment and regulatory guidelines. Studies are needed to
understand the breadth of ENM’s toxic potential and biological effects on
humans. For this purpose, novel biomarkers are needed for efficient and
accurate safety profiling of ENM exposure. Here we present an approach
to discover biofluid-based signatures of nanomaterial exposure relevant
to mechanisms of systemic toxicity. Male C57BL/6 mice were exposed
to 10 or 40 µg of multi-walled carbon nanotubes (MWCNT-7, 49 nm
mean diameter and 3.86 µm mean length) or vehicle (0.6 mg/ml mouse
albumin and 0.01 mg/ml 1,2-dipalmitoyl-sn-glycero-3-phosphocholine)
by oropharyngeal aspiration with serum, cerebrospinal, and bronchial
lavage fluids collected 4 h post-exposure. A sub 10 kDa molecular fraction was extracted under denaturing conditions. Data were acquired
using unbiased data-independent mass spectrometry (MS). Statistically
significant and measures were processed in ProteinLynx Global Server
and sequenced using in-house software EndogeSeq against selective
subsets of a mouse UniProt protein database. MS results provided reproducible quantification within biofluids. For example, 9000 serum factors
were quantified across exposure groups in serum alone, with 307 and

250 MWCNT-responsive measures identified at the 10 and 40 µg doses,
respectively. Results reveal a combination of dose-dependent and -independent factors, comprising distinctive signatures of increasing and
decreased measures. Furthermore, identified peptides point to proteolytic processing by metalloproteinases with products localized within
and outside of signaling domains. Produced peptides such as that for
CUB and sushi domain-containing protein 1 and interferon regulatory
factor 1 further originate from regulatory domains involved in inflammatory modulation, suggesting bioactive potential. Overall, findings
demonstrate the complex biomolecular response to ENM exposure and
its potential in developing mechanistically-relevant occupational safety
biomarker assays.

1912 Increased Prevalence and Severity of

Asbestos-Related Lung Markers in Peritoneal
Mesothelioma Patients Relative to Pleural
Mesothelioma Patients

R. M. Novick2, M. Grespin1, and K. A. Thuett3. 1Cardno ChemRisk,
Boulder, CO; 2Cardno ChemRisk, San Francisco, CA; and 3Fully
Fueled Fitness, Lubbock, TX.
Peritoneal mesothelioma is a rare cancer that occurs in the lining of the
abdominal cavity. There is a significant amount of evidence to suggest
that peritoneal mesotheliomas, when asbestos related, are associated
with much higher cumulative asbestos exposure than pleural mesotheliomas. If true, then asbestos-related peritoneal mesothelioma should
generally be associated with increased frequency and severity of asbestos-related lung changes and/or higher lung fiber burdens relative to
asbestos-induced pleural mesotheliomas. The purpose of this study was
to evaluate whether lung markers of asbestos exposure occurred more
frequently or severely in peritoneal or pleural mesothelioma patients.
We performed a literature search to examine lung fiber burden, lung
asbestos bodies, pleural plaques, and asbestosis among mesothelioma
cases. Quantitative intra-study comparisons of asbestos markers in peritoneal and pleural mesothelioma patients were conducted. Asbestos
fiber counts and the rate of asbestosis were consistently higher in
patients with peritoneal mesothelioma than those with pleural. The
results for pleural plaques and asbestos bodies were equivocal. This
study is consistent with the view that peritoneal mesothelioma is associated with an increased frequency of certain asbestos-related markers
in the lung, and therefore higher asbestos exposures, relative to pleural
mesothelioma.

1913 Comparative Effects of Cigarette Smoke and

Novel Tobacco Product Vapor on In Vitro Cellular
Responses in Human Bronchial Epithelial Cells

S. Munakata, K. Ishimori, Y. Takanami, S. Ishikawa, and S. Ito. Japan
Tobacco Inc., Yokohama, Kanagawa, Japan. Sponsor: I. Abraham.
The past few years have seen a rapid increase in the availability of novel
tobacco- and nicotine-containing vapor products, in particular e-cigarettes and heated tobacco products. Such products differ from cigarettes in that they do not combust tobacco, theoretically resulting in
reduced yields of potentially harmful constituent in the inhaled vapor
compared to smoke. We have developed a novel tobacco vapor product
(NTV) in which a nicotine-free vapor passes through a tobacco capsule.
In doing so, evaporated constituents arising from the tobacco blend,
including nicotine and flavors, pass into the vapor which can then be
inhaled by the user. The aim of this study is to compare and contrast
the effects of product emissions from NTV, other commercially-available
novel products and the Kentucky 3R4F reference cigarette (K3R4F) on
in vitro cellular responses in human bronchial epithelial cells (BEAS-2B).
Five cellular response parameters were assessed; (i) oxidative stress and
inflammatory responses, (ii) reduction of cell viability and GSH/GSSG
ratio, (iii) induction of intracellular reactive oxygen species, (iv) AREreporter luciferase activity, and (v) IL-8 production. Results revealed that,
for all parameters assessed, novel tobacco- and nicotine-containing
product emissions, including NTV, elicit lower in vitro cellular responses
compared to K3R4F smoke. For example, K3R4F smoke induced AREreporter luciferase activity at least 10 puffs/L, while NTV emissions elicited it over 3000 puffs/L. In conclusion, this study demonstrates that,
under acute exposure conditions, novel tobacco- and nicotine-containing vapor products have the potential to elicit fewer biological
responses compared to smoke. The findings are in line with previous
studies which have shown that novel products typically have simpler
vapor chemistry, and elicit lower in vitro toxicity, compared to smoke.
Future studies will investigate the effects of repeated exposure on cellular responses.
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plastic resins. We examined three major chemical constituents of plastic
resin, Toluene diisocyanate (TDI), phthalic anhydride (PA) and formaldehyde (FA). These chemicals reacted well with lysine residues of human
serum albumin (HSA) under alkaline conditions. Native polyacrylamide
gel electrophoresis (PAGE) showed that the structures of chemical
adducts of HSA were different from those of native HSA. Therefore, we
performed dot blot assays using these adducts as artificial antigens. We
could detect TDI, PA, and FA specific IgGs in human serum from four
workers handling plastic resin who had a history of allergy and from five
unexposed workers. While serum from unexposed workers showed little
or no reactivity with membranes blotted with chemical-HSA adducts,
serum from exposed workers produced positive signals at spots blotted
with these HSA adducts generated under alkaline conditions, with
higher signal intensity corresponding with increased chemical:HSA
molar ratios. The signal intensities for all chemical substances were significantly higher in sera from exposed workers than in that from unexposed workers (TDI P = 0.014, PA P = 0.028, FA P = 0.007). These results
suggested that a simple dot blot assay using chemical-HSA adducts as
antigens could be beneficial for simultaneously measuring multiple
chemical-specific IgGs. (This study was funded by an Industrial Disease
Clinical Research Grant)

1914 Withdrawn by Author

1915 Cinnamaldehyde Transiently Impairs Cilia

Beat Frequency and Tight Junction Integrity in
Human Bronchial Epithelial Cells

P. W. Clapp, J. L. Carson, and I. Jaspers. University of North
Carolina at Chapel Hill, Chapel Hill, NC.
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Mucociliary clearance (MCC) and epithelial tight junctions are respiratory mucosal defenses that prevent inhaled pathogens from infecting
the airway epithelium and underlying tissues. Reactive aldehydes in
cigarette smoke (CS) induce ciliary dysfunction and disrupt epithelial
barrier function via dysregulation of tight junction proteins. Impairment
of mucosal defenses increases residence time for pathogens and susceptibility of respiratory infection. Although the effects of aldehyde exposure on mucosal defenses in the context of CS are well characterized, the
impact of aldehydic e-liquid flavorings on cilia function and tight junction integrity are unknown. Cinnamon-flavored e-liquids are popular
among e-cig users and are often identified as “Best Sellers” by online
e-liquid retailers. Cinnamaldehyde, the α,β-unsaturated aldehyde that
gives cinnamon its characteristic flavor and odor, has been identified by
the Flavor and Extract Manufacturing Association (FEMA) as a potential
respiratory hazard. To assess whether cinnamaldehyde, in the context
of e-cig use, impairs respiratory mucosal defenses, we exposed well-differentiated primary human bronchial epithelial cell (HBEC) cultures to
diluted cinnamon-flavored e-liquids and cinnamon e-liquid aerosols
generated by a 3rd generation e-cig device. Both unheated e-liquid
(1% “Sini-cide” diluted in 1X MEM) and e-liquid aerosol (“Sini-cide”; one
5-second puff every 30 seconds for 5 minutes) rapidly suppressed CBF
which persisted for approximately one hour. Additionally, exposure of
well-differentiated HBECs to 1% “Sini-cide” significantly reduced transepithelial electrical resistance (TEER) indicating a reduction in tight
junction integrity. Similar to CBF, the e-liquid-induced reduction in
TEER was transient with resistance being restored within 120 minutes
of e-liquid challenge. Quantitative mass spectrometry of the “Sini-cide”
e-liquid revealed a cinnamaldehyde concentration of 1.13M ± 0.0199M
and subsequent challenge of well-differentiated HBECs with cinnamaldehyde alone recapitulated the transient suppression of CBF and TEER
observed with the “Sini-cide” e-liquid challenge. We conclude that cinnamaldehyde, a common e-liquid flavoring, has the potential to impair
respiratory mucosal defenses and may thereby increase the risk of respiratory infections in e-cig users.

1916 Menthol Induces Oxidative Stress and

Inflammatory Responses in Human Lung
Epithelial Cells Exposed at the Air-Liquid
Interface

V. Nair, and P. Talbot. University of California Riverside, Riverside,
CA.
Menthol is a popular flavoring in cigarettes and electronic cigarettes.
However, it not only is a flavor additive, menthol overrides the harsh
taste of tobacco and alleviates nicotine’s irritating effects. This benefits the tobacco industry by making it easier to expose smokers to the
addictive powers of nicotine. Menthol is the only flavoring in cigarettes
not regulated by the US FDA, which allows menthol cigarette products
to be sold in high concentrations without knowing the health risks.
Transient receptor potential subfamily M member 8 (TRPM8) is a calcium
ion channel that is activated by menthol. We hypothesize that TRPM8
receptors are present in the human lung epithelial cells and the excess
calcium influx are involved in reactive oxygen species (ROS) production that causes cell damage. In this study human lung epithelial cells
(Beas2B) were exposed to various concentrations (1-15 mM) of menthol
in an air-liquid interface exposure system to determine the cytotoxic
effect of menthol. Although precise concentrations of menthol in electronic cigarette aerosol is unknown, range of concentrations of menthol
used in this study (15.6 - 235ng/Cm2) to expose human bronchial epithelial cells at air liquid interface in cloud chamber are relevant to the
concentration range of menthol (13.7- 200ng/Cm2) in different refill
fluid exposed to human airway epithelium. Using the Vitrocell exposure system, cells in transwell inserts were exposed to puffs of menthol
generated by a nebulizer. The localization and expression of TRPM8
receptor was demonstrated in Beas2B cells by immunofluorescence
and western blotting. Effect of menthol on calcium influx in cells were
analyzed using a genetically encoded calcium indicator plasmid. The
expression of superoxide, a form of ROS, was analyzed using MitoSOX
dye and the enzyme responsible for counteracting superoxide, superoxide dismutase (SOD-2), was analyzed using western blotting. Menthol
exposure significantly increased calcium influx and induced an increase
in the expression of superoxide and SOD-2. Moreover, menthol expo-

sure also increased the secretion of two important immunomodulatory
cytokines, IL-6 and IL-8 known to regulate airway responsiveness and
inflammation. Data showed that menthol exposure at an air-liquid interface causes oxidative stress and inflammation in lung epithelial cells,
possibly through activation of the TRPM8 receptor.

1917 Novel Adducts of Flavor Chemicals in E-Cigarette
Liquids Act As Modulators of Chemosensory
Irritant Receptors

S. V. Jabba1, T. deWinter2, H. C. Erythopel2, J. B. Zimmerman2, and S.
E. Jordt1. 1Duke University, Durham, NC; and 2Yale University, New
Haven, CT.
The use of E-cigarettes is rapidly increasing world-wide, especially
among high school students and young adults. The major ingredients
of the liquids used in E-cigarettes are nicotine, the solvents propylene
glycol (PG) and vegetable glycerin (VG), and flavorants. The large variety
of available flavors has great appeal for adolescents. Flavorants include
reactive aldehydes that may undergo chemical reactions with other
E-liquid constituents under storage conditions or when heated in the
E-cigarette device. The products of these reactions have not been systematically studied. We performed a chemical analysis by gas chromatography followed by mass spectrometry (GC-MS) of flavored E-cigarette
liquids kept at room temperature conditions. In addition to the characterizing flavor aldehydes we identified aldehyde adducts with propylene
glycol, the propylene glycol acetals (PG acetals), including vanillin,
benzaldehyde and cinnamaldehyde PG acetals. PG acetal content was
especially high in 100% PG E-liquids. Aldehydes cause respiratory irritation and pain through activation of Transient Receptor Potential (TRP)
ion-channels such as TRPA1 and TRPV1 that are expressed in sensory
neurons innervating the airways. It is unknown whether aldehyde PG
acetals also activate these irritant pathways. Using calcium microfluorimetry in cultured HEK 293t cells transfected with cloned human TRPA1
or TRPV1, we observed that PG acetals triggered robust activation of
these TRP channels, some more potently than their parent flavor aldehyde. In conclusion, our data demonstrates that E- liquids, even under
normal storage conditions, are chemically unstable. Constituents react
with each other and form compounds that engage known toxicological
targets and require additional toxicological characterization.

1918 Estrogen Level Mediates Innate Immune Status
of the Airway Epithelium in Cigarette Smokers
and Nonsmokers

M. E. Rebuli, and I. Jaspers. University of North Carolina at Chapel
Hill, Chapel Hill, NC.
Cigarette smoke is known to contribute to the onset of lung disease.
Many lung diseases are sex biased and women are disproportionately
affected. For example, women are 70% more likely to be diagnosed
with chronic obstructive pulmonary disease (COPD). Despite lower
cigarette smoking rate, women experience increased susceptibility to
disease and the mechanism underlying this enhanced susceptibility
is not well understood. To investigate this knowledge gap, we examined how the primary circulating hormone in women, estradiol, and
cigarette smoking may independently and concurrently contribute to
sex-biased lung disease susceptibility. Epithelial lining fluid (ELF) and
nasal turbinate scrape biopsies were collected from smokers and nonsmokers. Samples were isolated from women during high and low circulating estrogen phases of the menstrual cycle. Estrogen-dependent
and smoking-dependent immune gene expression changes were evaluated using NanoString nCounter analysis. Our data show that gene
expression changes were both estrogen level dependent (49 genes)
and smoking-status dependent (60 genes). Gene expression trends suggested smoking and estrogen dependent changes associated with differences in mast cell and neutrophil prevalence. Pro-apoptotic/pro-inflammatory gene expression changes were also observed, especially
during estrogen peaks in smokers. The expression of Acidic leucine-rich
nuclear phosphoprotein 32 family member B (ANP32B) was upregulated
in smokers, indicating enhanced apoptosis, and the expression of 26S
proteasome non-ATPase regulatory subunit 7 (PSMD7) was downregulated during estrogen peaks, suggesting reduced negative regulation
of the apoptotic process. In addition, the expression of the ubiquitin
ligase ITCH was upredulated in smokers, which has been identified as
a regulator of inflammatory signaling. Multiplex ELISA confirmed the
pro-inflammatory gene expression changes with similar alterations of
protein production. Our results indicate that the interaction between
estrogen levels and smoking-status may increase inflammation in the
airway while suppressing anti-inflammatory signaling and normal
host-defense responses.

Effects of the Base Components of Electronic
Cigarettes, Propylene Glycol, and Vegetable
Glycerin

Y.-N. H. Escobar, P. Clapp, L. Brighton, and I. Jaspers. University of
North Carolina at Chapel Hill, Chapel Hill, NC.
The use of electronic cigarettes (e-cigs) has been on the rise and is
becoming increasingly popular amongst young adults. E-cig liquids are
mainly composed of propylene glycol (PG), vegetable glycerin (VG), flavorings, and various levels of nicotine. PG is a humectant and is used to
generate smoke, while VG is also a humectant and used as a carrier for
various flavorings. Our recent research demonstrated that e-cig users
had a greater number and level of immune genes whose expression
was suppressed in nasal epithelial cells than those observed in smokers,
suggesting a broad state of nasal mucosal immune suppression in these
individuals. In the study specific brands or flavors were not controlled
in the e-cig users, while common to all participants was the inhalation
of the base components of e-cigarettes, PG and VG. For this reason, we
tested different ratios of PG/VG on immune suppressive effects in airway
epithelial cells Beas-2B (B2B) cells and primary nasal cells. In our first
study we compared baseline IL-8 production in B2Bs treated with PG/
VG. Our data show a dose-dependent reduction in IL-8 levels following
treatment with PG/VG at a ratio of 55/45. In a follow-up study, B2B cells
were challenged with different ratios of PG/VG -10/90, 55/45, 90/10 at
a 1% concentration for 1hr or 24 hrs and were then challenged with
the viral mimetic, Poly IC to stimulate an innate immune response. Our
results indicate that B2Bs challenged for one hour with all the different
ratios of PG/VG suppressed Poly IC-induced IL-8 and IP-10, but only the
PG/VG ratios of 55/45 and 90/10 suppressed IL-6 levels. The opposite
appears to be true for B2Bs challenged for 24 hrs, where the PG/VG
ratios of 55/45 and 90/10 enhanced IL-8 and IP-10 production. Since few
studies have been devoted to investigating the potential immune suppressive effects of PG/VG, this study contributes to our understanding
of potential adverse health effects induced by exposure to e-cigarettes
base compounds in the absence of nicotine and/or flavoring compounds.

1920 E-Cigarette Use and Smoking Differentially

Modulate Markers of Inflammation in the Nasal
Mucosa

A. N. Perryman, M. E. Rebuli, and I. Jaspers. University of North
Carolina at Chapel Hill, Chapel Hill, NC.
E-cigarette use has rapidly increased while cigarette smoking has waned
as a result of its promotion as not only a smoking cessation aid, but
popularity among young adults. Cigarette smoke exposure has been
demonstrated to have both inflammatory and immunosuppressive
effects within the airway, while the effects of e-cigarette use remain
unclear. We have previously shown that e-cigarettes may induce an
immunosuppressive effect greater than that of cigarettes, but their
effect on inflammatory mediators in the nasal mucosa is unknown. To
address this uncertainty, we measured soluble biomarkers of innate
immune status in epithelial lining fluid (ELF) by cut Leukosorb paper
strips that fit the nares of study participants. These strips absorb soluble
biomarkers allowing for the extraction of ELF in a minimal (200μl), highly
reproducible, volume. In our study, ELF and serum samples were collected from cigarette smokers (n=15), e-cigarette users (n=12), and nonsmokers (n=12) to compare local vs. systemic markers of inflammation
and immune status. Participants were classified by self-reported daily
cigarette or e-cigarette use, as well as with biomarkers of tobacco and
nicotine use (serum cotinine and urine NNAL). Soluble biomarkers in
ELF and serum were then analyzed by multiplex ELISA. Cytokines IL-1B,
IL-8, IL-10, IL-13, IL-12p70, and TNF alpha were found to be significantly
increased in the ELF of e-cigarette users when compared to non-smokers
while these same cytokines did not differ significantly in smokers.
Interestingly, IL-6 was slightly suppressed in smokers and upregulated
in e-cigarette users. These trends are believed to be independent of nicotine levels as similar nicotine levels were observed in both e-cigarette
users and cigarette smokers. Similarly, effects of e-cigarettes are likely
not affected by demographic factors such as BMI or age, as they do not
differ significantly from non-smokers. Blood and nasal biomarkers of
innate immune status were compared to assess changes in systemic vs
local inflammation correlated to e-cigarettes. Overall our results suggest
e-cigarette use promotes inflammation in the nasal epithelium unlike
chronic exposure to cigarette smoke.

1921 An Assay to Characterize the Impact of Cigarette
Smoke Exposure on Mucociliary Clearance In
Vitro

S. Frentzel, L. Ortega Torres, S. Majeed, F. Zanetti, M. van der Toorn,
M. C. Peitsch, and J. Hoeng. Philip Morris Products S.A., Neuchatel,
Switzerland.
Mucociliary clearance (MCC) constitutes a first-line defense mechanism
to remove inhaled particles or pathogens from the respiratory tract.
Impairment of MCC contributes or plays a causative role in the etiology
of various respiratory diseases and is associated with an increased
risk for pulmonary infections. Cigarette smoke (CS) has been reported
to impact all functional elements required for an effective MCC. This
includes the observation that respiratory epithelia of smoker show fewer
cilia and with abnormal morphology. Smoking can lead to mucus hypersecretion or changes in the biophysical properties of mucus. CS may
also influence the hydration of the periciliary surface liquid (PCL). While
there are established tests to measure MCC (mucociliary transport)
rates in humans (e.g. Saccharine transit test), standard in vitro assays
are lacking that can be used to characterize CS (whole smoke) effects.
We have setup an assay to measure mucociliary transport rates in an in
vitro setting on nasal MucilAir 3D-organotypic air-liquid interface cultures by determining velocities of polystyrene microbeads. We observed
a dose-dependent decrease of bead transport rates upon exposure of
MucilAir to 3R4F reference CS. Concomitant with a decreased transport,
cilia beating, as determined at various post-exposure time points, was
similarly impaired in the cultures. This assay is a useful addition to match
clinical reports on CS effects on MCC in humans and may be used for
comparative studies using potential modified risk tobacco products.

1922 Characterization and Application of the VC1®
Smoke Exposure System and 3D EpiAirway
Model

W. R. Fields2, A. Maione1, B. Keyser2, and B. Bombick2. 1MatTek
Corporation, Ashland, MA; and 2RAI Services, Winston-Salem, NC.
Sponsor: G. Falls.
The VITROCELL VC1® smoke exposure machine is a manual smoke exposure system that supports toxicological assessments. It is compatible
for use with the human 3D EpiAirway tissue model that has been used
to assess inhalation toxicity of respiratory irritants including cigarette
smoke. The goals of this study were to assess consistent exposure
parameters of the VC1®, evaluate donor variability with three EpiAirway
tissue donors (A, B and C) and apply the EpiAirway model to assess
the effects of two e-cigarette brands (MarkTen Classic and NJOY Bold).
Whole smoke exposures with Kentucky Reference 3R4F cigarettes and
CORESTA Monitor 8 (CM8) were conducted under ISO or HCI conditions
using the VC1®. E-cigarette exposures were conducted under modified
HCI conditions. Particulate deposition was assessed by measuring fluorescence intensity of DMSO exposed to 3R4F smoke or clean air control
and via Cambridge filter pad collection. Viability and tissue integrity
were assessed with MTT, LDH and TEER assays. Particulate deposition
was consistent between chambers of the exposure module and across
pad collections in three independent assessments with 3R4F/ISO conditions. Decreases in barrier function were shown by TEER and reached 0.2
- 0.8% of pre-exposure values for donors A - C. Viability relative to control
tissues decreased in a dose-dependent manner for all donors. IC50 values
based on number of cigarettes as assessed by LDH assay were 4.9, 6.6
and 7.2 (3R4F) and 4.3, 6.1 and 6.4 (CM8) for donors A - C. Similarly, IC50
values were 5.9, 8.5 and 10.8 (3R4F) and 5.3, 7.0 and 7.5 (CM8) per the
MTT assay. Under HCI conditions, tissue viability declined rapidly following 3R4F exposures with an IC50 values of 18.6 + 1.5 puffs (1.69 ±
0.14 cigarettes) and 21.8 ± 2.0 puffs (1.98 ± 0.18 cigarettes) per LDH and
MTTassays, respectively. In contrast, 100% viability was observed over
the complete range of exposure (1 - 180 puffs) with both e-cigarettes.
Similarly, TEER values were reduced in a dose-dependent manner in
3R4F exposures; however, TEER values remained high at all exposures
tested for both e-cigarette brands. Collectively, the consistency of the
VC-1® system and EpiAirway model support the use of these systems in
respiratory toxicological assessments as well as effectively discriminates
the toxic impact of smoke from a combustible cigarette on cell viability
while showing no impact of e-cigarettes in these experiments.
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1919 Analyzing the Potential Immune Suppressive

1923 Diacetyl and Acetyl Propionyl, but Not Their

Metabolite Acetoin, Induce Human Vascular Cell
Death As Components of E-Cigarette Aerosol

C. Anderson, and S. Wang. Tulane University, New Orleans, LA.
Electronic cigarettes have become the most popular alternative to
conventional tobacco cigarettes among adults, and the most popular
tobacco product among middle and high schoolers. While several recent
studies confirm that e-cigarette aerosol can induce vascular cytotoxicity,
very little is known about the specific compounds in e-cigarette liquid
which cause that toxicity. Diacetyl and acetyl propionyl are volatile diketones and US FDA approved food additives that have become popular
flavoring agents for e-cigarette liquids. Here we investigate the effect
these compounds have on human aortic cells. Initially, we employed
neutral red uptake cell viability tests to determine the LC50 of each compound independently in cultured human aortic endothelial and smooth
muscle cells. Then, we analyzed the literature to estimate a mean level
of these compounds in the average e-cigarette. Using these two values,
we were able to make custom e-cigarette liquid formulations and aerosolize them using a novel laboratory apparatus. The aerosol from these
e-cigarette liquid formulations was applied to vascular cells in culture
and cell viability was measured at 24 hours post-exposure. Additionally,
these experiments were repeated with acetoin, the primary metabolite
of diacetyl and acetyl propionyl, which is also used as a flavoring agent
in e-cigarette liquids. Our results indicated that diacetyl and acetyl propionyl, but not acetoin, display a dose dependent cytotoxic effect in
both aortic endothelial and smooth muscle cells both in isolation and as
part of e-cigarette aerosol. Aortic smooth muscle cells are more tolerant
of these compounds than endothelial cells (LC50 diacetyl = 58.23 ± 1.35
ppm and LC50 acetyl propionyl = 46.85 ± 1.49 ppm vs. LC50 diacetyl =
19.92 ± 1.54 ppm and LC50 acetyl propionyl = 33.41 ± 1.55 ppm), but
both cell types begin to show a noticeable cell death at concentrations
>10 ppm of either compound. Acetoin displayed no cytotoxic effect
at concentrations up to 1000 ppm. These results indicate that diacetyl
and acetyl propionyl, but not acetoin, are dose dependent vascular risk
factors when used as flavoring agents in electronic cigarette liquid, and
support the need to regulate their use.

1924 Lipid Peroxidation Is Associated with Catalase
218

Activity, but Not Endothelial Function in Young,
Healthy, Cigarette Smokers

SOT 2017 Annual Meeting

K. R. Zehr, K. Ring, M. Langsfeld, J. Anderson, and M. Walker.
University of New Mexico, Albuquerque, NM.
Cardiovascular (CV) disease, the leading cause of global death, leads
to over 17 million deaths annually, and cigarette smoke (CS) is a major
independent risk factor for CV disease. A precursor to CS-induced CV
disease is endothelial dysfunction, which is characterized by a switch
from vasodilatory and anti-inflammatory factors to constrictive and
pro-inflammatory factors. Increases in antioxidant levels have been
shown to improve endothelial dysfunction and improve flow-mediated dilation (FMD) in young healthy smokers. We hypothesized that
increased antioxidant markers in smokers would negatively correlate
with indices of oxidative stress but positively correlate with FMD.
Methods: We recruited 67 healthy current smokers between the ages of
19-50; exclusion criteria for this study included heart failure, pregnancy,
chronic kidney disease, diabetes, ischemic heart disease, heart failure,
stroke, and hypertension. FMD was measured and then blood samples
were collected for analyzing antioxidant markers such as superoxide
dismutase (SOD), catalase (CAT) and glutathione (GSH and GSSG); thiobarbituric acid reactive substances (TBARS) was measured as an oxidative stress marker. Results: TBARS correlated positively with CAT activity
(r=0.285, p<0.05), but did not significantly correlate with any other antioxidant markers. Preliminary FMD results (7.76±0.81, n=45) showed no
correlation between FMD and any of the antioxidant markers or TBARS.
Conclusions: These data suggest that an increase in non-specific lipid
hydroperoxides in smokers, as measured by TBARS, may be associated
with increases in H2O2, the substrate for the catalase enzyme. In contrast,
the increase in TBARS may not reflect the peroxidation of polyunsaturated fatty acids often associated with a reduction in vascular function.
Thus, future studies will further investigate the relationship between
FMD and 8-isoprostanes, a more specific marker of oxidative stress in
smokers. (Supported by American Heart Association 15GRNT22700039)

1925 Simultaneous Determination of Three AlkylatedPurine Adducts in Urines of Smoker and
Nonsmoker Using HPLC-MS/MS

F. Xie, K. Hu, G. Zhao, S. Wang, and X. Li. Zhengzhou Tobacco
Research Institute of CNTC, Zhengzhou, China. Sponsor: R. Meng.
Alkylation DNA adducts, which were generated with the alkylating
agents or other carcinogenic agents (such as tobacco specific nitrosamines (TSNA), considered to have a positive correlation with the exposure to cigarette smoking. The level of DNA adduct in urine can be used
as an indicator of the balance between adduct formation and body
repair system in response to carcinogen exposure at certain point-intime. Therefore, these alkylated DNA adducts should be potential biomarkers for DNA damage induced by the exposure of cigarette smoke.
A sensitive HPLC-MS/MS method was developed for simultaneous
determination of urinary N3-methyladenine (N3-MeA), N3-ethyladenine
(N3-EtA), and N7-ethylguanine (N7-EtG) of smokers and nonsmokers.
These urinary adducts were enriched by a cation exchange solid-phase
extraction column before the LC-MS/MS analysis. The limits of quantification were 0.10, 0.02 and 0.005 ng/mL for N3-MeA, N3-EtA, and N7-EtG,
respectively. Intraday and interday variations (relative standard deviations) ranged from 0.5 to 1.5% and 3.0 to 6.5%. The recovery ranges
of N3-MeA, N3-EtA, and N7-EtG in urine were 85.5-98.5%, 86.3-94.0%,
and 95.0-108.0%, respectively. The proposed method was successfully
applied to urine samples’ analysis of smokers and nonsmokers. Urinary
concentrations of N3-MeA, N3-EtA, and N7-EtG in smokers were 5.3-100,
0.04-0.10 and 0.005-0.03 ng/mL, respectively. In nonsmokers, concentrations of N3-MeA, 3-EtAde and 7-EtGua were 2.5-52, 0.005-0.01 and
0-0.006 ng/mL, respectively. The results showed that the levels of urinary
N3-MeA, N3-EtA, and N7-EtG in smokers were significantly higher than
those in nonsmokers.

1926 Effects of Cigarette Smoke Extract and Sulfur

Dioxide on GM-CSF Release in Human Airway
Smooth Muscle Cells

B. A. Rolls2, L. M. Hallberg2, M. A. Thompson1, Y. S. Prakash1, and
B. T. Ameredes2. 1Mayo Clinic, Rochester, MN; and 2University of
Texas Medical Branch at Galveston, Galveston, TX.
Rationale: We previously showed that cigarette smoke (CS) exposure
increased release of GM-CSF, a pro-inflammatory cytokine, in human
airway smooth muscle cells (HASMC) in culture over 8 and 24 hr, while
sulfur dioxide (SO2)+CS decreased GM-CSF release at 8 hr. To more precisely determine the effects of CS and SO2, we performed a controlled
study of low concentration cigarette smoke extract (CSE) on GM-CSF
release with and without SO2 exposure. Methods: Cultures of primary
HASMC at passage 6 or 7 were exposed to CSE or CSE+SO2, and then
incubated for periods of 8 and 24 hr. CSE was generated by bubbling
cigarette smoke through media (50 cigarettes/500mL at 2.6L/min) and
added directly to cultures to achieve a final concentration of 2, 5 or 10%
CSE; SO2 was administered at 1 ppm in air (30 min). GM-CSF release was
measured by ELISA in conditioned media at 8 and 24 hr after CSE and
SO2 exposures, data was compared using one-way repeated measures
ANOVA. Results: GM-CSF release by HASMC averaged ~60 pg/ml and
~75 pg/ml, at 8 and 24 hr respectively, with SO2 exposure, and was
not different from that with air, alone. As compared to air alone, 2%
CSE exposure did not elevate GM-CSF release; however, GM-CSF levels
increased as much as 2-fold with 5% CSE, and an additional 2-3-fold
with 10% CSE, at both 8 and 24 hr. As compared to 10% CSE alone,
GM-CSF release with 10% CSE+SO2 displayed a small decrease at 8 hr,
which increased to as much as 20% at 24 hr (P<0.05). Conclusions: We
conclude that GM-CSF release in HASMC in response to CSE is similar to
CS exposure, displaying increases in GM-CSF release with both concentration and time. SO2 also had a significant effect in decreasing GM-CSF
release, primarily occurring at 8 hr for CS and 24 hr for CSE, possibly due
to an ROS-related mechanism having a different kinetic effect based on
the smoke delivery method. (Supported by: NIEHS T32ES007254, NIEHS
5P30ES006676, The Sealy Center for Environmental Health and Medicine,
and the Brown Foundation)

Deficits Induced by Juvenile Exposure to
Environmental Tobacco Smoke

P. P. Pilaka, P. P. Muldoon, and A. K. Ottens. Virginia
Commonwealth University, Richmond, VA.
Concern is growing over the associated risk for childhood attentional
and conduct disorders and early-life exposure to environmental tobacco
smoke (ETS). Yet, little is known about the biochemical mechanisms
involved and how to evaluate safety and regulatory concerns. Our laboratory has developed a juvenile ETS exposure model with which to
evaluate these issues. Initial proteomics analysis revealed that ETS perturbs mitochondrial biogenesis during neurodevelopment. Studies here
aimed to substantiate a mechanistic connection between ETS-altered
mitochondrial energetics and induced behavioral deficits in early neurodevelopment. To test the neurotoxicological ramifications of ETSenhanced mitochondrial biogenesis, we employed a selective inhibitor
of dynamin related protein 1 (Drp1), mitochondrial division inhibitor
1 (Mdivi1). Activation of Drp1, the mediator of mitochondrial proliferation, was enhanced following ETS exposure. Mdivi1 (0, 2, and 4 mg/
kg in 40% cyclodextrin) was administered ahead of daily ETS exposure
during the rat critical neurodevelopment period of postnatal day 8 (P8)
and P23. Outcomes from pharmacologically manipulating Drp1 were
tested molecularly using immunoblotting and microscopy in association with behavioral deficits in attentional and impulsivity control at
P23. Lastly, the upstream Drp1 ETS activation mechanism was assessed
via interactome analysis of proteomics data. As previously observed,
ETS (0 mg/kg Mdivi1) exposure increased Drp1 activation (2-fold) and
mitochondrial density (1.5-fold). Administration of Mdivi1 (2 and 4 mg/
kg) inhibited these effects. ETS (0 mg/kg Mdivi1) exposed animals exhibited reduced attention (32%) and impulse disinhibition (50%) relative
to air-exposed control animals. However, administration of Mdivi1 (4
mg/kg) reversed the behavioral effects of ETS. Furthermore, ETS-altered
mitochondrial proliferation was strongly correlated with impulse disinhibition behavior (R=0.81, p=0.001) across study animals. Further
proteomic analysis revealed the ETS-responsive Drp1 interactome and
an enriched association with TrkA signaling of the Ras/Erk pathway as
the likely upstream biochemical mechanism via. Overall, these results
support a causal concern between ETS exposure and juvenile behavioral
disorders via a Drp1-activation mechanism with important implications
for evaluating health impacts and guiding future regulation.

1928 Biomarkers of Behavioral Deficits for Juvenile

Environmental Tobacco Smoke Exposure Health
Assessment

P. P. Muldoon, P. P. Pilaka, J. E. Stafflinger, and A. K. Ottens. Virginia
Commonwealth University, Richmond, VA.
Mounting evidence shows children’s home exposure to environmental
tobacco smoke (ETS) increases risk for behavioral issues symptomatic
of attention-deficit and conduct disorders. Regulation implemented
through the new Center of Tobacco Products requires further research
to aid development of appropriate tobacco safety warnings and regulations for exposure to second hand smoke. Biomarkers that relate ETS
exposure with behavioral deficits would provide objective metrics by
which to evaluate mental health impacts in children. Thus, we examined the relationship between ETS-induced serum factors, access into
the brain, and their correlation with altered behavioral function in a
rat model of juvenile ETS exposure. Using a Teague TE-10 inhalation
system, Sprague-Dawley rat pups were exposed daily to ETS from postnatal day 8 (P8) to P22. Following treatment, neurobehavioral tests
assessed attention and impulse control while relevant brain circuitry
was assessed for altered synaptic organization by immunofluorescence
microscopy. Data-independent mass spectrometry analysis offered an
unbiased quantification of ETS-induced molecular factors in serum and
cerebrospinal fluid (CSF). Juvenile exposure to ETS induced behavioral
deficits reminiscent of symptomatology for attentional and conduct
disorders in children. The brains of ETS-exposed animals demonstrated
a significant decrease in excitatory and increase in inhibitory synaptic
density resulting in an excitatory/inhibitory misbalance within higher-order circuitry relevant to the functional deficits. Biofluid omic analysis revealed 247 ETS-responsive biomolecules that were quantified
across the blood-brain barrier. For example, peptides from proteins
Rbm44 and Exog showed a linearly correlation between serum and CSF
quantities, with relevance to nucleic acid binding involved in translational regulation. Biomolecule subsets were selected for their strong
correlation (R>0.7, p<0.05) to attentional (16 biomolecules) and impulse
control (9 biomolecules) deficits across individual animals. Study results
provide candidate biomarkers of behavioral deficits in response to juvenile ETS exposure. These results are a key first step in biomarker model
building for objective assessment of mental health impacts in children
growing up with ETS.

1929 Early Postnatal Secondhand Smoke (SHS)

Exposure Disrupts Bacterial Clearance and
Abolishes Th2 Responses in Muco-Obstructive
Lung Disease

B. W. Lewis1, R. Sharma2, A. Noel1, I. Langohr1, S. Patial1, A. L.
Penn1, and Y. Saini1. 1Louisiana State University, Baton Rouge, LA;
and 2National Hansen’s Disease Program, Baton Rouge, LA.
Secondhand smoke (SHS) has been linked to the worsening of ongoing
lung diseases. However, whether the SHS exposure affects the manifestation and natural history of imminent pediatric muco-obstructive diseases such as cystic fibrosis remains unclear. Therefore, the
Scnn1b-Tg+ mouse model of neonatal muco-obstructive airway disease
was exposed to SHS from postnatal day (PND) 3-21 and lung phenotypes were examined at PND22. While a majority of filtered air-exposed
Scnn1b-Tg+ (FA-Tg+) neonatal mice successfully cleared characteristic
spontaneous microaerophilic bacterial infection by PND22, the SHSexposed Scnn1b-Tg+ (SHS-Tg+) mice failed to resolve these infections.
This defect was associated with suppressed antibacterial defense,
i.e., phagocyte recruitment, secretory immunoglobulin A, and Muc5b
expression. While the FA-Tg+ mice exhibited marked mucus obstruction and pronounced Th2 responses, SHS exposure in Scnn1b-Tg+ mice
resulted in the drastic suppression of these responses. Mechanistically,
down-regulated expression of IL33, i.e., a stimulator of type-II innate
lymphoid cells, in airway as well as alveolar epithelial cells was associated with suppressed Th2 responses of SHS-Tg+ mice. Based on these
data, we conclude that early postnatal SHS exposure suppresses initiation of both innate and adaptive immune responses resulting in defective bacterial clearance. Our data indicate that household smoking may
shift the natural history of airway disease and predispose children with
lung disease to bacterial exacerbations.

1930 Cardiopulmonary Effects of Acute Exposure to

Electronic Cigarettes and Formaldehyde in Mice

J. Finch, G. Hoyle, C. Schlueter, I. McKinley, A. Bhatnagar, and D.
Conklin. University of Louisville, Louisville, KY.
Tobacco smoking is the most significant modifiable risk factor for cardiopulmonary disease. Although electronic cigarettes (e-cigs) have
been promoted as a safer alternative to tobacco cigarettes, the health
effects of these devices are largely unknown. E-cigs use e-liquids with
humectants (propylene glycol, glycerin) that decompose during heating
to form aldehydes (acetaldehyde, formaldehyde, and acrolein) that are
abundant in tobacco smoke and are linked with cardiopulmonary toxicity. Thus, we examined whether acute exposure (6h/day, 4 d) of mice
to bluPlus+ e-cig aerosol or formaldehyde altered cardiopulmonary
function. By FlexiVent testing, e-cig exposure had no effect on tissue
resistance or compliance in the lungs, central airways, or the alveoli.
Methacholine altered resistance and compliance to a similar degree in
air control and e-cig-exposed mice. Similarly, aortic responses ex vivo to
phenylephrine (PE), acetylcholine (ACh), or sodium nitroprusside (SNP)
were unaltered in e-cig-exposed mice. Because formaldehyde is a major
aldehyde of e-cig aerosol, we examined cardiopulmonary responses
following formaldehyde (1 ppm) exposure. Formaldehyde induced a
significant decrease in alveolar resistance compared with air control.
Methacholine increased airway resistance similarly in control and formaldehyde-exposed mice. Formaldehyde exposure had no effect on aortic
reactivity, while formaldehyde (200 µM) directly relaxed PE-contracted
naïve aorta in an eNOS- and formate-independent manner. Systemically,
e-cig exposure decreased total white blood cell count yet increased
red blood cell hemoglobin, while formaldehyde exposure increased
plasma albumin and ALT levels. Formaldehyde exposure did not recapitulate systemic effects of e-cig exposure yet diminished pulmonary
tissue resistance and plasma albumin. Thus, effects of e-cigs are likely
due either to other aldehydes (e.g., acetaldehyde, acrolein) or nicotine
or other constituents. Moreover, while inhaled formaldehyde had no
effect on aortic reactivity ex vivo (similar to e-cigs), direct formaldehyde
(not formate) was anti-contractile. Overall, these data implicate formaldehyde metabolism as protective against cardiopulmonary toxicity of
formaldehyde and perhaps e-cigs.
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1927 Mechanism of Drp1-Mediated Behavioral

1931 The Establishment of In Vitro Model of Chronic
Obstructive Pulmonary Disease (COPD) with
Cigarette Smoke Exposure

X. Chen2,1,, B. Xue1, X. Ren1, Y. Li1, S. Teng1, L. Qiao2, C. Hua2, Y.
Kang2, P. Jia1, X. Li2, and F. Xie2. 1Medical College of Zhengzhou
University, Zhengzhou, China; and 2Zhengzhou Tobacco Research
Institute of CNTC, Zhengzhou, China. Sponsor: R. Meng.
This study is described for isolating and exposing tracheas to mainstream cigarette smoke (CS), in order to study tracheas tissue responses
to CS exposure. The isolation of trachea rings from male Sprague-Dawley
rats, and the exposure of CS from 3R4F reference cigarette (the doses of
0, 50,100,200 ug/ml) to these trachea rings in culture. After 4h, the part
of rat trachea tissues exposed to CS and the control (without CS exposure) were HE strained and inflammatory cell infiltration level of trachea
tunica mucosa were observed by Nikon microscope. At the same time,
we used Quantitative Real-Time PCR (Q-PCR) to detect changes in relative expression of rICAM1 and rIL6 in trachea rings, and the endogenous control was rGAPDH. We respectively detected protein expression of inflammatory factor in culture medium by using ELISA kits. HE
showed that inflammatory cells infiltration including mononuclear and
leukomonocyte cells had difference between the experimental group
and control group in 4 hours and it is much more couple with the dose
increasing in experimental group . Focal necrosis and karyolysis could
be seen in HE section under the dose of 200 μg/ml. The gene expression
level of rICAM1 and rIL6 was upregulated, their expression in 200 ug/
ml compared with control significantly increased up to 23.4379 - and
71.8934-fold, respectively (P<0.05). Accompanying CS dose increase,
the expression levels of rICAM1 and rIL6 proteins were increased from
0 to 50 ug/ml and then deduced to 200 μg/ml. It is possible that tissue
exsited focal necrosis and karyolysis in the high concentration 3R4F,
which leads the reduction of rIL6 releasing. The results indicate that the
trachea ring tissue culture system allows the culture trachea tissue of
under conditions that more closely resemble their physiological setting
than respiratory epithelial cells culture systems. Research findings may
ultimately contribute towards understanding the etiology of COPD. *
Co-corresponding authors: Xiang Li, Fuwei Xie. This research was supported by grants from China Postdoctoral Science Foundation China postdoctoral science foundation 59th on funding (2016M592314).
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a Candidate Carbon-Heated Tobacco Product
Compared with Conventional Smoke Cigarette
on the Adhesion of Monocytic Cells to Human
Coronary Arterial Endothelial Cells

C. Poussin, A. Laurent, D. Goedertier, S. Acali, C. Pak, S. Majeed, D.
Marescotti, M. C. Peitsch, and J. Hoeng. Philip Morris International,
Neuchâtel, Switzerland.
Cigarette smoke increases the risk for diseases such as cardiovascular
disorders. The US FDA have defined “modified risk tobacco products”
(MRTP) as any tobacco product sold or distributed for use to reduce
harm or the risk of tobacco-related disease associated with conventional
tobacco products. A novel potential MRTP, the carbon-heated tobacco
product (CHTP) 1.2, uses a carbon heat-source to heat a tobacco plug in
a specially-designed stick to produce an aerosol which contains nicotine
and tobacco flavor. The design of CHTP allows careful control of the
heat supplied to the tobacco plug during use (maximum temperature
measured at the HeatSource/tobacco plug interface is in average 300°C,
below the temperature of combustion for tobacco, >400°C ). We have
investigated the impact of CHTP1.2, compared with a reference cigarette
(3R4F), on the process of monocyte-endothelial cell adhesion, a key step
in the development of atherosclerosis. An in vitro adhesion assay using
human monocytic cells, Mono Mac-6 (MM6), and human coronary arterial endothelial cells (HCAECs) as well as the measurement of relevant
inflammatory and cytotoxicity markers were conducted to assess the
impact of CHTP1.2 on both cell types. Prior any measurement, HCAECs
were treated for 4h with (i) conditioned media from MM6 cells exposed
to CHTP1.2 or 3R4F (a reference cigarette) aerosol aqueous extract for 2h
(indirect) or (ii) directly with those aerosol aqueous extracts freshly generated (direct). Chemical characterization of CHTP1.2 aerosol showed
a significant reduction in the levels of harmful and potentially harmful
constituents when compared to 3R4F smoke on an equal nicotine basis.
The aqueous extract from 3R4F smoke promoted the adhesion of MM6
cells to HCAECs via distinct direct and indirect concentration-dependent
mechanisms. A shift towards higher concentrations of CHTP1.2 aerosol
aqueous extract was necessary to observe similar effects compared with
3R4F for all cardiovascular disease-relevant and cytotoxicity endpoints
measured in our in vitro system. In conclusion, this in vitro assessment
study revealed reduced effects of CHTP1.2, a potential MRTP, on monocytic cell-endothelial cell adhesion which is a relevant mechanism for
the development of cardiovascular disease.

1933 Investigating the Effects of Berry-Flavored

Electronic Cigarette Liquids on Airway Epithelial
Cells

K. M. White1, Y. N. Escobar2, P. W. Clapp2, A. M. Speen2, M. E.
Rebuli2, and I. Jaspers2. 1Spelman College, Atlanta, GA; and
2University of North Carolina at Chapel Hill, Chapel Hill, NC.
Electronic (e-)cigarette usage is rapidly gaining popularity while the
manufacture and sale of these products is largely unregulated and the
potential health effects are unclear. Because berry flavored e-liquids
are one of the most presently used flavors amongst e-cigarette users,
the primary goal of this study was to acquire preliminary information
regarding the general cytotoxic and inflammatory effects of six different
berry e-liquid flavors. Additionally, a common berry flavored chemical
constituent called Furaneol (4-Hydroxy-2,5-dimetyl-3-furanone) is also
a point of interest for this study because of its extensive use in the food
industry but lack of investigation in the context of e-cigarette exposures.
Cultured BEAS-2B cells, an immortalized human bronchial epithelial
cell line, were exposed to six berry e-liquids at concentrations of 1%,
0.5%, and 0.25%. Cells were also challenged with Furaneol at 1mM, 0.1
mM, 0.01mM, and 0.001mM concentrations. The cells were incubated
for 4 hours or 24 hours upon which supernatant was collected while
cells were fixed with paraformaldehyde (PFA) and stained with Hoechst
33342 dye to observe changes in cellular density as compared to the
control. Supernatants of the challenged cells were used to measure
the amount of lactase dehydrogenase (LDH) released from the cells
to acquire information on the occurrence of necrotic cell damage. The
supernatant was also used to measure the release of the pro-inflammatory cytokine IL-8. We observed that most of the berry e-liquid flavors
and Furaneol did not induce significant changes in IL-8 or LDH at the
concentrations used. However, it was found that the “Cotton Berry”
e-liquid flavor demonstrated a significant decrease in cell density at the
1% and 0.5% concentrations. These results were confirmed by examining cell morphology, which demonstrated a diminishing effect on the
presence actin of the cytoskeleton illustrating that the “Cotton Berry”
flavor induces apoptosis. Ongoing studies include mass spectrometry
on the e-liquid, “Cotton Berry”, to determine the constituents that may
cause apoptosis within the BEAS-2B bronchial epithelial cells.

1934 Identification of ROS-Induced Poly(ADP-Ribose)Associated Proteins by LC-MS/MS

A. Islas-Robles2,3,, F. M. Munoz1, S. I. Lau3, and T. J. Monks3. 1Drexel
University, Philadelphia, PA; 2University of Arizona, Tucson, AZ;
and 3Wayne State University, Detroit, MI.
Hydroquinone is metabolized via oxidation and glutathione conjugation to 2,3,5-tris-(glutathion-S-yl)hydroquinone (TGHQ). TGHQ is
nephrotoxic, nephrocarcinogenic and generates ROS, which cause
DNA strand breaks, hyperactivation of poly(ADP-ribose) polymerase-1
(PARP-1), increase in intracellular calcium concentration ([iCa2+]),
and ultimately cell death. PARP-1 is a protein involved in DNA repair,
transcriptional regulation, intracellular trafficking and is an epigenetic
mediator. Targets of PARP-1 are post-translationally modified with multi
branched ADP-ribose polymers (PAR). Under ROS stress, PARP-1 hyperactivation and elevations in [iCa2+] are reciprocally coupled, resulting
in renal tubule cell death. The molecular mechanism of this interaction is unclear. Using LC-MS/MS we have identified proteins associated
with PARP-1 that have a potential role in ROS mediated toxicity. PARassociated proteins were obtained by immunoprecipitation using an
antibody against PAR, followed by subsequent separation by SDS PAGE..
Gel sections were analyzed by LC-MS/MS. Scaffold was used to validate
MS/MS data. Protein-protein interaction modeling and gene ontology
(GO) analysis were performed in NetworkAnalyst. Coomassie stained
gels showed differentially PARylated proteins between treated and
control samples, the former expressing far more abundant bands. A relative abundance comparative analysis by spectral counting allowed us to
obtain fold-changes in protein abundance relative to control. 361 PARassociated proteins were confidently identified as modified by TGHQ
treatment. From this, 276 proteins have increased PAR association while
85 are decreased. Protein network analysis revealed 2 subnetworks on
the PAR-increased proteins data set the functions of which are related
to RNA metabolism and cellular organization. Cellular compartmentalization functions were prominently identified on the PAR-decreased
proteins. 13 proteins from the whole cohort contain GO annotations
related to calcium. AHNAK, CHERP and GTF2I are directly involved in
modulation of [iCa2+]. Currently we are investigating the role of these
proteins in ROS induced cell death.

of Mitochondrial Structure by Antimicrobial
Agent Triclosan in Multiple Cell Types

L. Weatherly, A. Nelson, J. Shim, A. Riitano, E. Gerson, R. Sher, S.
Hess, and J. Gosse. University of Maine, Orono, Orono, ME.
Triclosan (TCS) is an antimicrobial that has recently been banned from
soap products following the US FDA’s 2016 risk assessment. However,
TCS still remains in other consumer products such as toothpaste and
surgical soaps. TCS is readily absorbed into human skin and oral mucosa
and has been found in various human tissues and fluids. Mast cells
are ubiquitous immune effector cells that release chemical mediators
through a signaling cascade, termed degranulation, after stimulation.
Our previous studies show that TCS inhibits mast cell degranulation.
We also show that non-cytotoxic, µM levels of TCS inhibit ATP production, increase oxygen consumption rate, and decrease mitochondrial
membrane potential from both rat (RBL-2H3) and human (HMC-1.2)
mast cells, NIH-3T3 mouse fibroblasts, and primary human keratinocytes. These results indicate that TCS is a mitochondrial uncoupler in
multiple cell types. Known mitochondrial uncouplers have been shown
to disrupt mitochondrial morphology. Using fluorescence photoactivation localization microscopy (FPALM) with the outer mitochondrial
membrane marker dendra2-TOM20, we show that TCS disrupts mitochondrial ultrastructure. TCS decreases mitochondrial perimeter, major
axis, and elongation: evidence that TCS causes mitochondrial fission.
TCS can also cause mitochondria to undergo a recently described morphology termed toroid or “donut” morphology. Also, TCS increases
reactive oxygen species production and inhibits calcium signaling, processes which have been linked to fission. In antigen-stimulated RBL-2H3
mast cells, TCS inhibits mitochondrial translocation, which is critical for
degranulation. Our findings provide a mechanism for TCS disruption of
both mast cell degranulation and universal dysfunction of mitochondria.

1936 Attenuation of Aniline-Induced Splenic

Oxidative Damage and Up-Regulation of Cyclins
by N-Acetylcysteine

J. Wang, G. Wang, and M. F. Khan. University of Texas Medical
Branch, Galveston, TX.
Aniline exposure is known to cause splenic toxicity, including splenomegaly, fibrosis and a variety of sarcomas on chronic exposure. Our
recent studies demonstrated that aniline exposure in rats causes iron
overload and oxidative stress (OS), which could regulate various genes
leading to a tumorigenic response in the spleen. However, molecular
mechanisms contributing to aniline-induced aberrant cell cycle regulation and cellular proliferation remain to be fully elucidated. This study
was undertaken to further assess the role of OS in cell cycle regulation
following aniline exposure. Groups of male SD rats were treated with
aniline (1 mmol/kg/day) or aniline plus N-acetylcysteine (NAC, 300 mg/
kg/day) for 7 days (controls received drinking water only), and heme
oxygenase-1 (HO-1), 8-hydroxy-2’-deoxyguanosine (8-OHdG) and mRNA
expression of cyclins A, B, D3 and E were determined in the spleen.
Aniline treatment resulted in significant increases in HO -1, 8-OHdG,
along with remarkably enhanced expression of cyclin A, cyclin B, cyclin
D3 and cyclin E as compared to the controls. Interestingly, antioxidant
NAC significantly attenuated the aniline-induced up-regulation of HO-1,
increased DNA damage and overexpression of cyclins. Our data suggests that OS plays a role in aniline-induced overexpression of cyclins
which could be critical in cell proliferation, and may contribute to aniline-induced tumorigenic response in the spleen.

1937 Inhibition of Bone Formation by Chronic

mice, deficient in another member of the NOX enzyme family, were
pair-fed (PF) a liquid diet with or without EtOH at 30% of their total calories for 12 weeks. MicroCT analysis of bone demonstrated significant
decreases in trabecular bone volume/total volume (BV/TV%) and cortical thickness in WT mice fed EtOH compared to pair-fed (PF) controls.
Unexpectedly, mice deficient in NOX4 KO mice, were not protected from
EtOH effects in bone and displayed further decreases in trabecular BV/
TV% and decreased trabecular number (p≤0.05) compared to PF controls. However, NOX4 KO mice were protected against the EtOH-induced
decrease in cortical thickness . In addition, EtOH-fed NOX4 KO mice
were also protected against EtOH-associated decreases in collagen1
and osteocalcin mRNA expression in cortical bone. NOX4 KO mice also
demonstrated a significant elevation of NOX2 mRNA expression and a
6-fold increase in RANKL mRNA after EtOH treatment (p≤0.05). A role
for NOX4 in the profound EtOH-inhibition of bone formation was supported by protection against EtOH inhibition of osteoblastogenesis in
ex vivo bone marrow cultures from NOX4 KO but not p47phox KO mice
(P≤0.05). However, similar protection was also observed when the
mitochondria-targeted superoxide scavenger MitoTEMPO was added
to these cultures suggesting an additional role for mitochondrial ROS
in this process. Collectively, these data suggest that deletion of NOX4
is partially protective against EtOH effects on osteoblastogenesis, but
that the primary EtOH skeletal pathology (increased bone resorption)
appears to be via NOX2 induced increases in RANKL mediated bone
resorption. Supported in part by R37 AA018282 (M.J.R.).

1938 Redox Markers Assessment in Blood and

Kidney Tissues in a Contrast Media-Induced
Nephrotoxicity Rabbit Model

M. Rapti3, M. M. Tsamouri3, P. Kouka3, C. Nepka3, C. Tsitsimpikou1,
K. Tsarouhas3, A. Tsatsakis2, and D. Kouretas3. 1General Chemical
State Lab, Athens, Greece; 2University of Crete, Heraklion, Greece;
and 3University of Thessaly, Larissa, Greece. Sponsor: V. Vasiliou.
Contrast induced nephropathy (CIN) is the most important complication
of iodinated contrast media (CM) used in angiography and computerized tomography. CIN pathophysiology is not completely understood
and is probably related to a combination of haemodynamic alterations,
direct renal tubular cell toxicity and reactive oxygen species (ROS) production. The latter arises both as the cause and the result of renal injury
based on in vitro and in vivo studies. The aim of the current study was
to reveal the role of oxidative stress in renal pathophysiology in a CIN
rabbit nephrotoxicity model. For this purpose, 9 male New Zealand
white rabbits were randomized and divided into three groups (n=3
each): i) control group, ii) 24hCIN group and iii) 48hCIN group. The CIN
model involved IV administration of iopromide, 8g I/kg bw. Control and
48hCIN groups were euthanized at 48 hours whereas the 24hCIN group
at 24h. Oxidative stress markers, namely total antioxidant capacity (TAC),
catalase (CAT), lipid peroxidation (TBARS) and protein carbonyls (PC),
were evaluated in different anatomical renal areas (medulla, cortex, juxtamedullary) at 24 and 48h and in the blood (Red Blood Cells, plasma) at
0, 2, 10, 24 and 48h after CM administration. Histopathologic evaluation
of kidneys was also performed. In kidney tissues, no statistically significant differences in oxidative stress markers were observed between
control and CIN groups, except for a reduction in CAT in renal cortex
between control and 48h CIN groups (39.6%). Those observations are
probably related to the presence of cortical tubular cell necrosis as seen
in histopathologic evaluation. In contrast, a transient statistically significant increase in plasma PC levels at 2h (66.8%) and 10h (43.0%) was
detected, indicating protein oxidation, followed by a significant reduction in 24 and 48 hours. This is probably due to a counteraction of oxidative defense mechanisms of the rabbit as reductive stress diminished
oxidative stress. This is in line with the observed lower levels of lipid
peroxidation in 10, 24 and 48h (54.9%, 57.1% and 56.0% respectively).
The observed redox imbalance in blood at 2h after CM administration
may reflect important complications and merits further investigation.

Ethanol Consumption Involves Both NOX4 and
Mitochondria-Derived Reactive Oxygen Species

1939 Characterization of Xenobiotic-Mediated

M. Ronis1, A. W. Alund3, J. Watt1, K. Meredith1, K. Pedersen1, C. F.
Pulliam1, K. E. Mercer3, and L. J. Suva2. 1Louisiana State University
Health Sciences Center, New Orleans, LA; 2Texas A&M University,
College Station, TX; and 3University of Arkansas for Medical
Sciences, Little Rock, AR.

A. Rauniyar, S. Aivazidis, C. Coughlan, and J. Roede. University of
Colorado, Aurora, CO.

Chronic alcohol consumption increases bone resorption and decreases
bone formation. A major component of chronic ethanol (EtOH)
pathology in bone is the generation of excess reactive oxygen species
(ROS). Mice lacking p47phox, an essential co-activator for NADPH oxidase
(NOX)2 and the generation of ROS, are significantly protected against
EtOH’s effect on bone resorption but not formation, suggesting another
source of ROS is involved in EtOH-mediated inhibition of osteoblastogenesis. 13 week old male wild type (WT) and NOX4 knockout (KO)

Down Syndrome (DS) is the most common genetic cause of intellectual disability in the US, and results from the presence of a third copy
(whole or part) of chromosome 21. This triplication results in a variable
phenotype that includes several comorbidities, such as early onset
Alzheimer’s disease, epilepsy, autism, diabetes, and leukemia. Oxidative
stress has been proposed to be involved in the development of the
aforementioned comorbidities. Additionally, elevated markers of oxidative stress are observed in biological samples from DS individuals.

Activation of the Nrf2 Pathway in Down
Syndrome
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1935 Super-Resolution Microscopy Reveals Disruption

Cellular responses to oxidative and electrophilic insults are mediated
via the transcription factor Nrf2 and although it has been shown previously that DS individuals have increased levels of basal oxidative
stress, there is no literature concerning the Nrf2 pathway activation and
kinetics in this population. Therefore, this study aims to elucidate the
dynamics and role of Nrf2 and its downstream targets in DS cell models.
By using two known Nrf2 activators, the fungicide maneb and the organosulfur dietary component sulforaphane, we present data showing
that DS cells respond differently than euploid controls in regards to Nrf2
activation. Specifically, we observed altered basal abundance of Nrf2regulated proteins (GCLC, NQO1, HO-1) in DS fibroblasts. Additionally,
we observed that DS fibroblasts possess elevated levels of Nrf2 in the
cytoplasm compared to euploid controls. Kinetics of toxicant-mediated
Nrf2 nuclear translocation and activation/DNA binding were also evaluated. Together, these data demonstrate that the Nrf2 pathway in DS is
altered, which could impact a DS individual’s ability to combat oxidative
insults and adapt to exposures.

1940 Exacerbation of Xenobiotic-Mediated Oxidation
of Mitochondrial Peroxiredoxin 3 in Down
Syndrome

D. Brown, S. Aivazidis, and J. Roede. University of Colorado,
Aurora, CO.
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Down syndrome (DS), the most common genetic form of intellectual
disability, results from a triplication of chromosome 21. These individuals suffer from a broad array of comorbidities, like diabetes, seizures,
and early onset Alzheimer’s disease. Additionally, DS individuals display
elevated markers of oxidative stress and possess dysfunctional mitochondria. A major cellular antioxidant defense and redox signaling
system is the peroxiredoxin/thioredoxin/thioredoxin reductase system.
Humans possess six different peroxiredoxin (Prx) isoforms that are localized in the cytoplasm (Prx1, Prx2, Prx4, Prx5, Prx6) as well as the mitochondrion (Prx3). The redox state of these proteins, particularly Prx1 and
Prx3, can be investigated to assess the redox state of the cytoplasm vs.
the mitochondrion. Due to these previous observations of DS-mediated
oxidative stress and mitochondrial dysfunction, we hypothesized that
the mitochondrial compartment in DS cells would be more oxidized,
compared to euploid controls, and that exposure to oxidative stressors
would exacerbate this oxidized environment. To test this hypothesis
we utilized patient derived dermal fibroblasts and exposures to various
xenobiotic agents (paraquat, auranofin, beta-lapachone) known to alter
the cellular redox environment. Investigation of the basal abundance of
Prx proteins in DS and euploid control cells showed DS-mediated differences Prx abundance. Upon treatment with the redox-altering compounds, DS cells displayed elevated Prx3 (mito) oxidation compared
to euploid cells, while Prx1 (cyto) oxidation was similar in both DS and
control cells. Together, these data show that DS mitochondria suffer
greater oxidation compared to euploid controls, which indicates that
DS individuals may be more sensitive to the toxic effects of xenobiotics
known to alter mitochondrial function and redox balance.

nificant reduction in the mRNA expression of Arg1 and Mrc1. Analysis of
the key transcription factors involved in M1 polarization by RT-qPCR and
immunoblot revealed that Nrf1(L)-KD cells have increased gene expression and phosphorylation of NF-κB, STAT1 and STAT3 under resting
and M1 polarization conditions. Moreover, Nrf1(L)-KD cells appeared
to have elevated level of intracellular ROS which prime the activation
of redox-sensitive inflammation regulators. These findings collectively
suggest that L-Nrf1 functions as a negative regulator of M1 polarization
and pro-inflammatory response in macrophages.

1942 Evaluation of Apoptotic Activity,

Micronucleus Induction, and Levels of
8-Hydroxydeoxyguanine and Glutathione in
Peripheral Blood of Hsd:ICR Mice Exposed to
Hexavalent Chromium Compounds

T. Nicolás-Méndez2, G. Serrano-Reyes2, M. Pacheco-Martinez1,
M. Altamirano-Lozano2, and M. C. García-Rodríguez2. 1UAM
Iztapalapa, Ciudad de México, Mexico; and 2UNAM, Ciudad de
México, Mexico.
Clinical and laboratory evidence indicates that exposure to hexavalent chromium (Cr(VI)), a highly toxic metal, can lead to oxidative DNA
damage. The Cr(VI) compounds are relevant as they are widely used
in the industry. According to previous studies[1], Cr-induced genomic
DNA damage including 8-hydroxydeoxyguanine (8-OHdG, 7,8-dihydro-8-oxodeoxyguanosine), a form of oxidative DNA damage, DNA-DNA
interstrand crosslinks, Cr-DNA adducts, single-strand breaks, and DNAprotein crosslinks. In this study we investigate the apoptotic activity,
micronucleus induction (MN), as well as the levels of 8-OHdG and glutathione (GSH) in peripheral blood of Hsd:ICR mice exposed to Cr(VI).
Groups of five Hsd-ICR mice were divided and treated: a) only vehicle
(water distilled) and b) 20 mg/kg of trioxide of chromium (CrO3) by intraperitoneally. The evaluations for MN were performed at 0, 24, 48 and
72 hours after treatment; while the evaluations for apoptosis, GSH and
8-OHdG levels were performed at 48 hours. The treatment with 20 mg/
kg of CrO3 showed an increase in MN and apoptotic cells frequencies.
Moreover, it was observed a slight decrease in the levels of 8-OHdG
and an increase of GSH levels. Our results corroborate the genotoxic
and cytotoxic damage reported for Cr(VI) compounds[2]. Although the
8-OHdG has been recognized as a biomarker of oxidative DNA damage,
and Cr(VI) generate reactive oxygen spices (ROS) during reduction
to Cr(III), the observed decrease in the levels of 8-OHdG in the group
treated with CrO3 it could be due to its effects on repair mechanisms.
The genotoxic damage observed could be related with the increase of
GSH levels since Cr(VI) induces DNA strand breakage in the presence
of GSH. Financial support was obtained from DGAPA-UNAM, PAPIIT
IN219216, PEAP-2017; CONACYT 703847/584686. [1] T. C. Tsou and J. L.
Yang, “Formation of reactive oxygen species and DNA strand breakage
during interaction of chromium (III) and hydrogen peroxide in vitro:
evidence for a chromium (III)-mediated Fenton-like reaction.,” Chem.
Biol. Interact., vol. 102, no. 3, pp. 133-153, 1996. [2] ASTDR., “Agency for
Toxic Substances and Disease Registry.,” Toxicol. Profile Chromium., no.
September, p. 592, 2012.

1941 Silencing of Long Isoforms of Nuclear

Factor Erythroid 2-Related Factor 1 Primes
Macrophages toward M1 Polarization

H. Wang1, J. Zhu1, Z. Liu1, H. Lv1, F. Chen1, J. Fu1, Y. Hou1, R. Zhao1,
Y. Xu1, Q. Zhang2, and J. Pi1. 1China Medical University, Shenyang,
China; and 2Emory University, Atlanta, GA.
Inflammation plays a significant role in many adverse health outcomes
resulting from environmental perturbations. Dissecting the functions
of transcription factors regulating macrophage activation is important
for understanding pro- and anti-inflammatory responses. Nuclear factor
erythroid 2-related factor 1 (Nrf1, also known as Nfe2l1) is a CNC-bZIP
protein that preferentially heterodimerizes with small MAF proteins,
AP1 transcription factors or other bZIP proteins and activates transcription through binding to the NF-E2/AP1-like ARE/EpRE site. Human and
rodent Nrf1 genes may be transcribed into alternatively spliced forms
resulting in multiple protein isoforms. While the exact physiological functions of various isoforms of Nrf1 are still under investigation,
accumulating evidence indicates that long isoforms of Nrf1 (L-Nrf1,
also referred as TCF11) are an important regulator in the antioxidant
response and proteasome homeostasis. In this study, we found that
stable knockdown of L-Nrf1 mRNA (Nrf1(L)-KD) in RAW 264.7 macrophages resulted in augmented expression of multiple genes indicative
of M1 polarization, including Nos2, Cox2, Il6, Il1β, Tnfα and Ccl2, under
resting and/or LPS-challenged conditions. Compared to Scramble cells,
co-exposure of Nrf1(L)-KD RAW macrophages to LPS plus IFNγ, a classic
M1 polarization condition, also led to a dramatically elevated induction
of the M1 genes. Conversely, M2 polarization induced by IL4 plus IL13
treatment was attenuated in Nrf1(L)-KD RAW cells which exhibited a sig-

1943 Plasticity of the Nrf2 Antioxidant Pathway in

Response to Aging and Cadmium in GlutathioneDeficient Mice

C. M. Schaupp1, C. C. White1, D. Botta1, D. K. Scoville1, and T.
J. Kavanagh1,2,. 1University of Washington, Seattle, WA; and
2University of Washington Interdisciplinary Center for Exposures,
Diseases, Genomics, and Environment, Seattle, WA.
The Nrf2 signaling pathway is one of the most important cellular
defense and survival pathways, and the importance of Nrf2 signaling
in aging has been well documented. Intracellular levels of glutathione
(GSH) both governs and is governed by the Nrf2 pathway through its
influence on thiol redox status and the expression of genes involved in
its biosynthesis, including GCLC and GCLM, the subunits of the rate-limiting enzyme in GSH production, glutamate cysteine ligase. Mice homozygous for the Gclm gene are severely deficient in GSH compared to
wild-type (WT) controls, having approximately 10% of normal GSH levels
in most tissues. To compensate for reduced GSH, Gclm-/- mice have
upregulated Nrf2-regulated genes in their livers. Here, we present data
corroborating the phenotype previously described in young Gclm-/mice and show this phenotype persists into old age (24+ months). Aged
Gclm-/- mice maintain a hepatic GSH redox state similar to Gclm+/+ mice,
while maintaining increased insulin sensitivity and glucose tolerance
compared to their wild-type counterparts. Gclm-/- mice also display a significantly lower body weight than Gclm+/+ mice. Curiously, under basal
conditions, aged Gclm-/- mice have lower percent oxidized glutathione

1944 Interaction between TSC22D4 and KEAP1

Promotes the Nrf2-Mediated Cell Defense
Response

B. Harder2, T. Jiang2, and D. D. Zhang1. 1Donna Zhang, Tucson, AZ;
and 2University of Arizona, Tucson, AZ.
The redox-sensitive transcription factor Nuclear factor erythroid
2-related 2 (NRF2) is the master regulator of a critical transcriptional
program that defends the cell against harmful oxidative and xenobiotic insult. Although this program can be up-regulated to prevent the
initiation of cancer, a growing number of studies have associated constitutively active NRF2 signaling with resistance to chemo- and radiotherapy, indicating that NRF2 contributes to the survival of cancer cells.
As a result, tight regulation of NRF2 protein levels must be maintained
in order to avoid malignant transformation. Here, a newly identified
interaction between KEAP1, the negative regulator of NRF2, and TGFβstimulated clone 22 Domain Family Member 4 (TSC22D4) results in activation of the NRF2 pathway in numerous cancer cell lines. TSC22D4, a
putative transcriptional regulator with little known function, competes
with NRF2 for KEAP1 binding in an ‘ETGE’ dependent manner, thereby
preventing the degradation of NRF2. Additionally, TSC22D4 was found
to be responsive to the synthetic progestin Medroxyprogesterone
acetate (MPA), via a functional hormone response element in its promoter region. These findings potentially link the complex signaling networks between the progesterone receptor (PR) and NRF2, arguing for
inhibition of the NRF2 pathway during treatment with MPA, which is
re-emerging as an attractive therapy for hormone-driven malignancies.
Collectively, this anti-oxidant phenotype induced by TSC22D4 could
provide framework for additional studies that attempt to understand
the role of TSC22D4 in cancer progression.

1945 Ablation of Long Noncoding RNA MALAT1

Decreases Reactive Oxygen Species in Pancreatic
Islets and Sensitizes the Insulin Responses in
Mice

J. Chen2, S. Ke2, L. Zhong2, B. Morpugo1, A. Golovko1, J. J. Cai2,
and Y. Tian2. 1Texas A&M Institute for Genomic Medicine, College
Station, TX; and 2Texas A&M University, College Station, TX.
The metastasis-associated lung adenocarcinoma transcript 1 (MALAT1)
is a long noncoding RNA and its overexpression is associated with poor
prognosis of wide range of malignancy. Despite of being highly conserved across species, MALAT1-ablated mice show no overt phenotypes.
In a transcriptome analysis, we found that the expressions of antioxidant genes were highly enriched in the MALAT1 null mice with a striking
reduction of the reactive oxygen species (ROS) induced by the diabetogenic stressors lipopolysaccharide (LPS), TNF-αaand high glucose
in mouse hepatocytes and pancreatic islets. Since excessive exposure
to ROS causes b cell dysfunction with associated reduction of b cell
number, we investigated the role of MALAT1 in regulating the insulin
signaling pathways and found MALAT1 null mutation improved insulin
signaling responses to fast-refeeding and glucose/insulin challenges
as well as increased insulin sensitivity. Consistent with the improved
insulin signaling responses, we found significant increases in pancreatic
b cells number in the MALAT1 null mice suggesting lower ROS level in
MALAT1 null mice help preserve the pancreatic cells. In MALAT1 null
hepatocytes, we found significant changes in insulin signaling pathway,
including inhibition of ROS-activated c-Jun N-terminal kinases (c-JNK),
which causes insulin resistance, and activation of insulin receptor substrate 1 (IRS-1) and insulin-induced phosphorylation of AKT, which are
required for insulin action. In summary, we demonstrate that MALAT1
plays an important role in regulating insulin sensitivity and has the
potential to be a therapeutic target for the treatment of diabetes, and
perhaps other many diseases caused by excessive exposure to ROS.

1946 Attenuation of Hyperoxic Lung Injury in

Newborn Wild Type (WT) and Cytochrome P450
1a1 (Cyp1a1 Null) Mice by Beta-Naphthoflavone
(BNF)

X. I. Couroucli, Y. W. Liang, W. Jiang, K. Lingappan, P. Maturu, and
B. Moorthy. Baylor College of Medicine, Houston, TX.
Although administration of oxygen could be life-saving, it could contribute to hyperoxic lung injury that can persist for many weeks to years
[e.g., bronchopulmonary dysplasia (BPD)]. Previous studies have implicated the cytochrome P4501A (CYP1A) enzymes in the amelioration of
hyperoxic lung injury in rodent models. However, the mechanistic role
of CYP1A1 enzyme in neonatal lung injury has not been studied before.
In this study, we tested the hypothesis that mice lacking the gene for
Cyp1a1 would be more susceptible to neonatal hyperoxic lung injury,
and that postnatal treatment of newborn wild type (WT) or Cyp1a1-null
mice with beta-naphthoflavone (BNF), would rescue this phenotype.
Newborn WT (C57BL/6J) or Cyp1a1-null mice were exposed to either
room air or 85% O2 for 14 days. Some were treated, intraperitoneally (i.p.),
once every other day with BNF 10 mg/kg or CO (control group). Lungs
were studied for histology, inflammation, and alveolar simplification.
The expression of CYP1A, 1A2, 1B1, and NQO1 mRNA and protein was
determined in liver and lung. Levels of F2-Isoprostane (F(2)-isoprostane
8-iso-PGF(2α) was measured by LC-MS/MS. Our major findings were that
Cyp1a1-null mice were more susceptible to oxygen induced lung injury
and alveolar simplification, compared to WT mice, and that BNF treatment reversed these effects in both genotypes. In WT mice induction
of CYP1A1 was due to in vivo binding of the Ah receptor (AHR) to the
CYP1A1 promoter, as determined by chromatin immunoprecipitation
(ChIP) assays . Induction of CYP1A/1B1/NQO1 genes by BNF correlated
with lesser hyperoxic lung injury. F2-Isoprostanes were increased in the
lungs of hyperoxic Cyp1a1 null mice, compared to WT mice. Our results
support the hypothesis that CYP1A1 attenuates hyperoxic lung injury by
detoxifying lipid hydroperoxides, and that BNF rescues this phenotype
by inducing CYP1A1 as well as phase II enzymes such as NQO1. Future
studies towards these directions could lead to prevention of BPD.

1947 Aging Alters Cystine Transport, Regulation

of the Extracellular Redox Environment, and
Expression of Extracellular Matrix Components
in Primary Mouse Lung Fibroblasts

W. H. Watson2, J. D. Ritzenthaler2, T. J. Burke2, I. N. Zelko2, E. TorresGonzález2, and J. Roman2,1,. 1Robley Rex Veterans Affairs Medical
Center, Louisville, KY; and 2University of Louisville, Louisville, KY.
Aging is associated with progressive oxidation of plasma cysteine
(Cys)/cystine (CySS) redox state, expressed as EhCySS. When fibroblasts
are cultured in medium that mimics this oxidized redox state, they
up-regulate expression of extracellular matrix components typically
seen in aging lungs. Cells in culture are known to actively contribute
to the maintenance of their extracellular redox environment, but it is
not known if old cells produce a more oxidized environment than do
young cells. The present study tested the hypothesis that aging re-programs cells to produce a more oxidizing EhCySS that promotes production of a pro-fibrotic extracellular matrix. Primary lung fibroblasts were
isolated from young (2 months) and old (24 months) female C57BL/6
mice, cultured in media with different EhCySS redox states, and EhCySS
was measured in conditioned media as a function of time in culture.
Expression of genes related to redox regulation and fibroblast function
was measured by microarray and real-time PCR. Cystine transport across
the cell membrane was induced and inhibited by sulforaphane and sulfasalazine, respectively. Fibroblasts from old mice produced a more oxidizing extracellular EhCySS than fibroblasts from young mice, and this
was associated with a slower rate of reduction of CySS to Cys. Of the 36
antioxidant and thiol-disulfide regulating enzymes analyzed, only the
Slc7a11 subunit of the xCT cystine-glutamate transporter and extracellular superoxide dismutase (Sod3) were down-regulated in fibroblasts
from old mice. In contrast, there were numerous changes in extracellular
matrix components between old and young. Induction of expression
of Slc7a11 by sulforaphane led to a more reducing EhCySS, and inhibition of Slc7a11 activity by sulfasalazine led to a more oxidizing EhCySS.
In conclusion, fibroblasts play an active role in controlling their extracellular redox environment, and fibroblasts from old mice have been
re-programmed to maintain a more oxidizing set point than those from
young mice. Slc7a11 is an important regulator of the extracellular redox
environment, and its decline may contribute to the pro-fibrotic phenotype of the aging lung.
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(GSSG) than WT or heterozygotes at all age groups examined (10-13
weeks, 6, 18, 24+ months). At all ages, a single dose of 2 mg/kg cadmium
chloride increased hepatic GSSG in Gclm+/+ and +/- mice, but surprisingly,
oxidized glutathione levels decreased in Gclm-/- mice at all ages tested.
GSH levels were significantly induced at 8 hours compared to 72 hours
post-CdCl2 dosing in WT and Het mice, suggesting Nrf2 activation at
this earlier time point. In another unexpected result, Gclm+/+ and +/- mice
became slightly more insulin sensitive and glucose tolerant following
cadmium administration at 6, 18, and 24+ months of age, while parameters of glucose homeostasis did not change in Gclm-/- mice at any age.
These results suggest Nrf2 pathway activity is not significantly attenuated in aged Gclm-/- mice.

1948 Reduced Lung Function in Adult Mice after

Exposure to Environmentally Persistent Free
Radicals Is Preceded by Vascular Injury

A. C. Harmon1, A. Noël1, B. Subramanian1, K. Varner2, A. L. Penn1,
and T. R. Dugas1. 1Louisiana State University, Baton Rouge, LA; and
2Louisiana State University Health Sciences Center, New Orleans,
LA.
Environmentally persistent free radicals (EPFRs) are formed during
the combustion of waste at Superfund sites when pollutants are
chemisorbed to redox-active transition metals. Exposure to EPFRs
occurs when particulate matter from these Superfund sites are ingested
or inhaled by nearby residents, leading to pulmonary inflammation and
oxidative stress. In vitro studies demonstrate that bronchial epithelial
cells exposed to EPFRs have increased secretion of IL-6, TNF-α and ROS
compared to control cell medium, indicating an inflammatory response
after EPFR exposure. We hypothesized that EPFR inhalation in adult mice
will lead to pulmonary inflammation and increased ROS, resulting in
decreased lung function and vascular injury. To investigate the effects
of EPFRs on cardiovascular health and lung function, a novel, customized whole-body inhalation exposure system was developed to expose
adult C57BL/6 mice to 0.5 or 1.5 mg/m3 of the EPFR, dichlorobenzene230
(DCB230) for either 4 hours, or for 4 hours a day for 10 consecutive days
prior to assessment of lung and vascular endothelial function. After 4
hours of exposure to 1.5 mg/m3 of DCB230, plasma levels of nitric oxide
(NO) were reduced while plasma endothelin-1 (ET-1) were increased,
suggesting vascular dysfunction. There were no significant changes in
plasma NO or ET-1 for the 0.5 mg/m3 group. In addition, lung function
was not altered after 4 hours of exposure to either concentration of
DCB230. Following the 10 day exposure to 1.5 mg/m3 of DCB230, vascular markers NO and ET-1 were again altered. In addition, lung function
was reduced, as indicated by a significant reduction in tidal volume. An
increase in numbers of bi-nucleated macrophages was noted and is consistent with pulmonary stress. Neither vascular markers nor lung function was altered in the 0.5 mg/m3 group. This time course suggests that
the vasculature may be a direct target of injury after EPFR exposures,
preceding alterations in lung function and perhaps even inflammation.

1949 The Inflammatory and Oxidative Stress
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Responses to Inhaled Acrolein Varies Markedly
between Mice Strains

SOT 2017 Annual Meeting

S. Upadhyay. Karolinska Institute, Stockholm, Sweden. Sponsor: G.
Johanson.
Background: Acrolein is an important constituent of cigarette smoke,
automobile exhaust and also in heating cooking oil. Chronic inhalation
exposure to acrolein causes several lung diseases including chronic
obstructive pulmonary disease, asthma by inducing inflammatory and
oxidative stress response. Therefore in this study we sought to investigate the variation of inflammation and oxidative stress response among
seven inbred mouse strains. Methods: 129S1/SvlmJ, A/J, BALB/cByJ,
C3H/HeJ, C57BL/6J, DBA/2J, and FVB/NJ female mice were exposed to
1 ppm acrolein or filtered air for 4 h/d, 5 d/wk for 9 wks (n=10/strain/
group). Cell differentials and total protein concentration were measured
in bronchoalveolar lavage fluid (BALF) to assess airway inflammation
and membrane integrity. The lung transcript expression of inflammatory (Nfkb, Tnfa, Il6, Il17b, Cxcl1, Mip2), oxidative stress (Gpx1, Gpx3, Sod3,
Ho1) and tissue injury-repair markers (Mmp9, Timp1) was assessed.
Results: Although the subchronic exposure to acrolein did not cause
lung inflammation or injury in BALF, C57BL/6J, BALB/cByJ and 129S1/
SvlmJ exhibited the highest increases in mRNA expression levels for
both inflammatory and oxidative stress markers. C3H/HeJ and DBA/2J
mice showed no changes, whereas A/J and FVB/NJ exhibited a medium
inflammatory response. A high oxidative stress response was detected
in C3H/HeJ compared to a low oxidative stress response in DBA/2J, A/J
and FVB/NJ strains of mice. Mmp9 was increased in BALB/cByJ and C3H/
HeJ mice, whereas Timp1 was increased in all strains except BALB/cByJ
and 129S1/SvlmJ. The differences in susceptibility to chronic acrolein
exposure among these inbred mouse strains may be attributed to their
genetic variations. Conclusion: Our data implicate a plausible genetic
predisposition to acrolein induced chronic lung disease susceptibility in
humans and may be due to host-dependent inflammatory and oxidative
stress responses.

1950 Suppressed Oxidative Stress Response and Aryl

Hydrocarbon Receptor Expression Associated
with Tumor Biology in Blacks Relative to Whites

G. Acquaah-Mensah. Massachusetts College of Pharmacy and
Health Sciences, Worcester, MA.
Black African breast cancer patients tend to have more aggressive
tumor biology compared to Caucasians. The molecular underpinnings
of this widely reported phenomenon remain to be established. In this
study, gene expression profiles of patients derived from the two racial
groupings were examined for insights using computational algorithms.
RNAseq version 2 data derived from 181 Caucasian (not Hispanic or
Latino) and 87 Black/African-American (not Hispanic or Latino) patients
were obtained from the Cancer Genome Atlas (TGCA) and processed
using the TGCA Assembler. The PAM50 algorithm affirmed that Blacks
are more likely to have the more aggressive basal-like molecular
subtype of breast cancer. The Significance Analysis of Microarrays function within the siggenes package of Bioconductor was used for differential expression analysis. A Transcriptional Regulatory Network (TRN)
was learned from the gene expression data using the Algorithm for
the Reconstruction of Accurate Cellular Networks. Further, the Virtual
Inference of Protein-activity by Enriched Regulon analysis algorithm was
used to identify master regulators driving the differences in the gene
expression profiles between the two groups. Gene expressions of the
TRN hub aryl hydrocarbon receptor (AHR) and its dimerization partner
AHR nuclear translocator (ARNT) are significantly suppressed among
Blacks relative to Caucasians. A notable cross-section of the top master
regulators identified such as PM1G, RTKN, HTRA2, and HBP1, are sensitive
to the AHR ligand, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Similarly,
several of the identified master regulators are sensitive to benzo(a)
pyrene, another ligand of the AHR. Furthermore, results of Gene Set
Enrichment Analyses showed several AHR-containing sets such as one
associated with hormone therapy resistance enriched in Caucasians.
Gene expression of oxidative stress response regulator NFE2L2 (which
codes for NRF2) and associated gene sets were notably suppressed
among Blacks. These results suggest suppressed AHR expression and
diminished response to oxidative stress in Blacks may be essential to
clarifying the more aggressive tumor phenotype reported.

1951 Microcystin Variants Induce Cytotoxicity

in Primary Human Hepatocytes and Colon
Epithelial Cells

V. Richardson3, C. Korson1, and E. Hilborn2. 1Oak Ridge Institute
for Science and Education, Research Triangle Park, NC; 2US EPA,
Chapel Hill, NC; and 3US EPA, Research Triangle Park, NC.
Microcystins (MCs) are hepatotoxic algal toxins produced by cyanobacterial species that pose a risk to humans and animals due to their presence in drinking and recreational waters. Over 100 microcystin congeners have been identified with variable amino acid compositions that
determine the lipophilicity of each congener. Microcystin-LR (MCLR) is
a highly active congener and induced hepatic apoptosis and reactive
oxygen species (ROS) when administered to laboratory animals. Overall,
there is limited non-hepatic toxicity data for MCs and any toxicity data
on congeners other than MCLR are even scarcer. In this study, primary
human hepatocytes (HH) and primary human colon epithelial cells (HCC)
were used to examine the effects of MCLR and the more lipophilic congener, microcystin-LF (MCLF), on cell viability and ROS formation. HH
and HCC were plated in 96-well microtiter plates at a density of 20,000
cells/well and 10,000 cells/well, respectively. 24 hours after plating, the
cells were exposed to MCLR or MCLF (0 or 10μM) for 24 hours. After
24 hours, the cells were assayed for viability (CellTiter Glo 2.0; Promega
Corp.) and ROS formation (ROS Glo H2O2; Promega Corp.). HH exposed
to MCLR or MCLF resulted in a decrease in cell viability by 95% and 98%,
respectively. Because most of the HH were not viable after exposure to
MCLR and MCLF, ROS formation could not be accurately measured. HCC
viability was unchanged with MCLR exposure, but MCLF decreased viability by 79%. ROS formation was unchanged in HCC treated with MCLR;
however, MCLF increased ROS levels almost 3-fold. These results indicate that the more lipophilic MCLF exhibited greater cytotoxic activity
than MCLR in HCC; however, cytotoxic activity between the two congeners was nearly equal in HH. This study also suggests that the human
colon can be a target tissue for MCs. (This abstract of a proposed presentation does not necessarily reflect the policies of the US EPA).

1952 Withdrawn by Author

Mitochondrial Dysfunction in Insulin-Secreting
Pancreatic Cells: Protection by N-Acetyl Cysteine

H. Raza, A. M. Al Nahdi, and A. John. CMHS, UAE University, Al Ain,
United Arab Emirates.
Streptozotocin (STZ), N-(Methylnitrosocarbamoyl)-α-D-glucosamine,
is an antibiotic often used in the treatment of cancer. STZ however, is
very toxic to the pancreatic beta-cells and therefore is being commonly
used to develop experimental type 1 diabetes in rodent models. The
precise molecular mechanism of STZ cytotoxicity is however not clear.
STZ increases cellular oxidative stress by producing reactive oxygen/
nitrogen species (ROS/RNS) species. We have investigated the mechanism of cytotoxicity of STZ in insulin secreting Rin-5f pancreatic cancer
cells in culture. Rin-5f cells, under normal glucose as well as in the presence of high glucose (30 mM), were treated with different doses of STZ
for different time intervals and the cytotoxicity was studied by observing
the alterations in cell viability, oxidative stress, glutathione level and
mitochondrial respiratory functions. STZ induces ROS formation and
oxidative stress as observed by an increase in lipid peroxidation and
alterations in GSH metabolism. The mitochondria appear to be a sensitive target for STZ toxicity, especially in the presence of high glucose.
Activities of the mitochondrial respiratory enzymes, Complex I and
Complex IV were inhibited resulting in the inhibition of ATP synthesis.
Apoptosis, as measured by the caspase activation, DNA fragmentation,
as well as mitochondrial specific apoptotic/antiapoptotic proteins (Bax,
Bcl2), was increased in STZ-treated cells. Pretreatment with N-acetyl
cysteine (NAC, 10mM) attenuated the STZ-induced cytotoxicity. These
results suggest that STZ-induced cytotoxicity in pancreatic cells is mediated by an increase in ROS production, oxidative stress and mitochondrial dysfunction. This study may be significant in better understanding
the mechanisms of STZ action on pancreatic beta cell cytotoxicity under
normal or hyperglycemic conditions.

1954 ROS Generation, Autophagy Induction, and

MAPK Activation Contribute to 4-MethoxyTEMPO-Induced DNA Damage in HepG2 Cells

Z. Zhang, S. Chen, X. Guo, L. Guo, and N. Mei. US FDA/NCTR,
Jefferson, AR.
Piperidine nitroxides are widely used for manufacturing processes and
potential clinical applications. Previously, we reported the involvement of reactive oxygen species (ROS) and c-Jun N-terminal kinases
in TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl)-induced apoptosis in
L5178Y cells. In this study, we examined a TEMPO derivative, 4-methoxyTEMPO, induced toxicity and the underlying mechanisms in HepG2
cells. We found that 4-methoxy-TEMPO caused time- and concentration-dependent intracellular ROS generation and glutathione depletion.
4-Methoxy-TEMPO induced DNA damage characterized by increased
levels of DNA tail intensity and expression of γ-H2A.X, p-CHK1, and
p-CHK2 proteins. In addition, 4-methoxy-TEMPO induced autophagy
demonstrated by increased autophagic vacuole and LC3II conversion
and by decreased level of p62. 4-Methoxy-TEMPO also activated MAPK
signaling pathway evidenced by phosphorylation of three MAPK key
members of JNK, ERK1/2, and p38. The crosstalk between different signaling pathways was investigated. Inhibition of autophagy by 3-methyladenine (an autophagy inhibitor) attenuated 4-methoxy-TEMPO-induced cytotoxicity and DNA damage. SP600125, a JNK-specific inhibitor,
blocked 4-methoxy-TEMPO-induced autophagy and DNA damage.
N-acetylcysteine, a ROS scavenger, attenuated 4-methoxy-TEMPO-induced ROS generation, autophagy, and DNA damage; and suppressed
JNK activation. These results suggest that multiple mechanisms
including ROS generation, autophagy induction, and MAPK activation
are involved in 4-methoxy-TEMPO-induced toxicity and DNA damage.

1955 TEMPO-Induced Toxicity: The Roles of ROS and
MAPK Signaling Pathway

N. Mei, X. Guo, S. Chen, Z. Zhang, S. L. Dial, V. N. Dobrovolsky, and
L. Guo. US FDA/NCTR, Jefferson, AR.
2,2,6,6-Tetramethylpiperidine-1-oxyl (TEMPO) is a low molecular weight
nitroxide and stable free radical, and it is widely used throughout chemistry and biochemistry as process intermediates. Although there is no
available information about the extent of human exposure, it is expected
that the use of TEMPO will increase in the manufacturing process.
Therefore, additional toxicity data would be useful in a weight-of-evidence evaluation of TEMPO for human health risk assessment. In this
study, a 4-h treatment with TEMPO induced significant concentration-dependent glutathione (GSH) depletion and increased intracellular
reactive oxygen species (ROS) in L5178Y cells. There was a close relation-

ship between TEMPO-induced ROS formation and apoptosis, evidenced
by the fact that NAC pretreatment significantly reduced ROS production, caspase 3/7 activation, and the fraction of apoptotic cells. Western
blot results showed that the expression of three anti-apoptotic proteins,
Bcl-2, Bcl-xL, and Mcl-1, was inhibited by TEMPO in a concentration-dependent manner. TEMPO treatment also activated two members of the
MAPK signaling pathway, JNK and p38. These results demonstrate that
TEMPO induces apoptosis in L5178Y cells at least partially via a ROSmediated DNA damage-MAPK signaling pathway. Due to the potential widespread use of TEMPO as an anti-oxidant, awareness of TEMPOinduced oxidative stress, apoptosis, and genotoxicity is important for its
safe application in the future.

1956 Differential Effects of the Nrf2 Activators tBHQ
and CDDO-Im on the Early Events of T Cell
Activation

C. E. Rockwell1, J. W. Zagorski1, A. E. Turley1, C. D. Klaassen2, R. A.
Freeborn1, H. E. Dover1, and K. T. Liby1. 1Michigan State University,
East Lansing, MI; and 2University of Kansas City Medical Center,
Kansas City, KS.
The transcription factor, Nuclear factor erythroid 2-related factor 2
(Nrf2) is activated by various types of cell stressors such as heavy metals,
phenols and reactive oxygen species leading to the regulation of a
number of target genes involved in detoxification and metabolism of
reactive compounds, transport of xenobiotics, antioxidant functions and
upregulation of the proteasomal subunits. Previously, we demonstrated
that activation of Nrf2 promotes CD4+ Th2 differentiation in mice. Here,
the Nrf2 activators, tert-butylhydroquinone (tBHQ) and 1[2-Cyano-3,12dioxooleana-1,9(11)-dien-28-oyl]imidazole (CDDO-Im) were used to
assess the role of Nrf2 in a number of early events following T cell activation, including secretion of IL-2 and IFNγ as well as upregulation of the
cell surface markers, CD25 and CD69 in wild-type and Nrf2-null murine
splenocytes. CDDO-Im inhibited early IFNγ production in a largely
Nrf2-dependent manner. A Nrf2-independent effect of tBHQ exposure
was demonstrated through inhibition of IL-2 production in both wildtype and Nrf2-null T cells. Conversely, treatment of splenocytes with
CDDO-Im caused a concentration-dependent increase in IL-2 secretion
in wild-type, but not Nrf2-null, splenocytes, suggesting that activation
of Nrf2 promotes IL-2 production. Expression of CD25 or CD69 were not
affected by exposure to either compound. Our data collectively suggest
that Nrf2 has differential effects on the early events following T cell activation. Specifically, our findings indicate that Nrf2 inhibits secretion of
the Th1 cytokine IFNγ while simultaneously increasing early production
of IL-2. Overall, these observations suggest the effect of Nrf2 on the
early events following T cell activation support the later occurrence of
Th2 polarization. This work was supported by National Institute of Health
grants: GM092715 (to J.W.Z), ES007255 (to A.E.T) R01 ES024966 and R00
ES018885 (to C.E.R.), and R01 DK081461 (to C.D.K.).

1957 Nrf2-Dependent and -Independent Effects
of tBHQ and CDDO-Im in Jurkat T Cells As
Determined by CRISPR/Cas9 Gene Editing

J. W. Zagorski, T. P. Maser, K. T. Liby, and C. E. Rockwell. Michigan
State University, East Lansing, MI.
Nuclear factor erythroid 2-related factor 2 (Nrf2) is a stress activated
transcription factor. Stimuli such as reactive oxygen species and
electrophilic stress are known inducers of Nrf2. In the presence of a
stressful stimulus, Nrf2 accumulates within the nucleus and facilitates
the transcription of its target genes, which include genes responsible
for glutathione synthesis, metabolic enzymes, as well as efflux pumps.
Previously, we have shown that the Nrf2 activator tBHQ suppresses
several early events of human Jurkat T cell activation, notably the secretion of IL-2, expression of CD25, and the transcriptional activity of NFΚB,
which is known to drive the IL-2 promoter. The purpose of the present
studies was to generate a Nrf2-null Jurkat cell line, using CRISPR-Cas9
mediated mutation, to determine if these effects are dependent upon
Nrf2. Analysis of Wild-type and Nrf2-null Jurkat T cells indicate that the
suppression of IL-2 and NFΚB by tBHQ were independent of Nrf2, while
the tBHQ-mediated suppression of CD25 was partly Nrf2-dependent.
To further investigate the role of Nrf2 in the early events following T
cell activation, we utilized a second Nrf2 activator, CDDO-Imidazolide
(CDDO-Im). The current studies show that treatment with CDDO-Im
results in a Nrf2-dependent suppression of IL-2 secretion, as well as a
partially Nrf2-dependent suppression of CD25 expression in Jurkat T
cells. Taken together, our model is the first to demonstrate, in Nrf2-null
human cells, that many of the effects of tBHQ on the early events of T
cell activation are independent of Nrf2, whereas CDDO-Im suppresses
IL-2 secretion in a Nrf2-dependent manner. (This work is funded by NIH
grants ES018885, ES024966 and GM092715)
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1953 Streptozotocin-Induced Oxidative Stress and

1958 The Nrf2 Activator tBHQ Modulates HostDefense against Influenza Virus

R. A. Freeborn, J. W. Zagorski, A. E. Turley, J. K. Bursley, A. P.
Boss, P. A. Schneider, S. Liu, B. R. Kardell, E. M. Gardner, and C. E.
Rockwell. Michigan State University, East Lansing, MI.
The transcription factor, nuclear factor erythroid 2-related factor 2 (Nrf2),
plays a prominent role in the cell by responding to oxidative stress, electrophilic stimuli, and reactive xenobiotics. Under stressful conditions,
Nrf2 accumulates in the nucleus where it heterodimerizes with small
Mafs to alter gene expression of cytoprotective genes. We previously
showed that activation of Nrf2 by tert-butylhydroquinone (tBHQ), a
common synthetic food additive, modulated the Th1/Th2 balance of
the mouse immune system, favoring a Th2 skew. Th1 and Th2 levels are
inversely proportional, and Th1 cells are typically involved in defense
against intracellular pathogens. Suppression of Th1 cytokine expression
led us to hypothesize that host defense against viral infection would be
impaired after exposure to tBHQ. In our model, mice were fed either a
tBHQ-free diet or a 0.001% tBHQ-supplemented diet for two weeks prior
to intranasal instillation of Influenza A/PR8 and remained on that diet for
the duration of the study. Seven days post-exposure, mice were euthanized and their lungs were collected. The lungs were homogenized
and used to measure immune cell activation via flow cytometry, and
cytokine expression was measured via ELISA and qPCR. We found that
tBHQ exposure decreased expression of a number of different cytokines,
including IL-6, TNFα, and IL-1β, among others. These data suggest tBHQ
exposure may diminish the immune response to viral infection. (This
work is funded by NIH grants ES024966 and GM092715)

1959 Immunotoxic Effects of Perfluoro-n-decanoic

Acid on Female Harlan Sprague-Dawley Rats
and B6C3F1/N Mice When Administered by Oral
Gavage

R. Frawley2, M. Smith3, M. Cesta2, S. Hayes-Bouknight1, C.
Blystone2, G. Kissling2, and D. Germolec2. 1Charles River
Laboratories, Inc., Durham, NC; 2NIEHS, Research Triangle Park,
NC; and 3Richard Bland College of William and Mary, Petersburg,
VA.
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Poly- and perfluoroalkyl substances (PFASs) are hydrophobic, lipophobic
compounds that have been used in stain repellants, and water and oil
surfactants. PFASs have been detected in public water supplies, human
serum, and wildlife; and have been associated with immunosuppression. Perfluoro-n-decanoic acid (PFDA, (CF3(CF2)8COOH), a straight chain
fatty acid compound, is reported to induce thymic atrophy and bone
marrow hypocellularity (reversible by 30 days post-treatment) in rodent
models. The objective of this study was to assess the potential immunotoxicity of PFDA, due to the structural similarity to immunosuppressive
PFASs. Female Harlan Sprague-Dawley (HSD) rats were exposed to 0-2.0
mg PFDA/kg by oral gavage, daily for 28 days. Female B6C3F1/N mice
were exposed to 0-5.0 mg PFDA/kg by oral gavage, weekly for 4 weeks.
The animals were evaluated for effects on immune cell populations
in spleen and bone marrow, and innate, humoral-, and cell-mediated
immunity. Mice were also evaluated for resistance to Influenza virus.
Treatment-related hepatocyte hypertrophy and increased liver weight
were observed in rats treated with 0.5 mg PFDA/kg, and liver weight
was also increased in mice following exposure to ≥0.625 mg PFDA/kg
(26-89%, compared to control). Spleen weight was decreased at 0.125
and 5.0 mg PFDA/kg (26 and 20%) in mice; at 5.0 mg PFDA/kg, total
spleen cells (24%), and the numbers of Ig+ (27%), CD3+ (28%), CD4+
(29%), CD8+ (28%), and Mac3+ (25-39%) cells were decreased in mouse
spleen. No changes were observed in splenic leukocyte subpopulations
in PFDA-exposed rats. Phagocytosis by fixed-tissue macrophages was
increased in thymus (percent uptake and specific activity) at 0.5 mg
PFDA/kg, but decreased in liver (specific activity) at ≥0.25 mg PFDA/kg
in rats. PFDA-induced effects on humoral- and cell-mediated immunity,
host resistance, and bone marrow progenitor cell numbers and activity
were limited in both rats and mice. Collectively, these data suggest that
exposure to PFDA may induce adverse effects in the liver, in a manner
consistent with the peroxisome proliferator activity of the PFAS class,
and may also alter the balance of critical immune cell populations in
lymphoid tissues.

1960 Immunomodulation by Aqueous Film Forming
Foam (AFFF)

Q. Hu2, C. Higgins1, and J. DeWitt2. 1Colorado School of Mines,
Golden, CO; and 2East Carolina University, Greenville, NC.
Per- and polyfluoroalkyl substances (PFASs) are synthetic fluorinated
chemicals present in environmental media, wildlife, and humans.
Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS)
have received the bulk of scientific scrutiny. However, many other PFASs
are present in the environment and have been minimally evaluated for
toxicity. One sub-class of PFASs known as aqueous film forming foams
(AFFF) are highly effective at quenching high temperature fires such
as those associated with jet fuel and other military-level combustibles.
AFFF products contain PFOA and PFOS as well as other PFASs and may
degrade to yet other PFASs. The immune system is sensitive to these substances. Studies with rodents and epidemiological studies of exposed
humans demonstrate that these compounds can suppress the T cell-dependent antigen response (TDAR). To our knowledge, the potential for
AFFF to affect immune responses has not been reported. Therefore, the
objective of this study was to determine if AFFF was able to suppress
TDAR in mice. Adult male and female C57BL/6 mice were given AFFF (0,
0.05, 0.5, or 1 mg/kg in 0.5% Tween) via gavage for 15 days. On the 11th
day of dosing, animals were injected with a T cell-dependent antigen. At
study terminus, blood and organs were collected for additional analyses;
TDAR and AFFF metabolite profile were determined from sera. Spleens
were immediately prepared for determination of B and T cell populations by flow cytometry. While liver weight, a marker of PFAS exposure,
increased with increasing dose in males and females, TDAR and the percentage of B and T cells were statistically equal across doses. Of the ten
individual PFASs that were measured in sera, four PFAS predominated,
PFOS > perfluorohexane sulfonate (PFHxS) > PFOA > perfluorodecanoic
acid (PFDA). In the general human population, PFOS also predominates
and PFDA is generally lowest in concentration, but reported levels of
PFHxS are lower relative to PFOA. While suppression of TDAR was not
apparent at these administered doses, possibly due to the low sensitivity of C57BL/6 mice to PFOS relative to other mouse strains, the sera
metabolites suggests that AFFF exposure may lead to a different metabolite profile when compared to exposure from house-derived PFASs.
This poses a concern when site-specific risk management is limited to
assumptions that PFOA and PFOS drive the risks.

1961 AhR Antagonists May Increase Human IgG

Secretion by Influencing Interactions of the AhR
with Other Cytosolic Signaling Proteins

N. Alhamdan, K. Burra, and C. Sulentic. Wright State University,
Fairborn, OH.
The immunoglobulin heavy chain (Igh) locus is expressed only in
B-lymphocytes and encodes the heavy chain protein that is an essential component of antibodies. The Igh gene has a large transcriptional
regulatory region (i.e. 3’IghRR) containing enhancers that assist the B
cell to produce different Ig isotypes. In humans, there are two regulatory regions and each has three enhancers (hs3, hs1.2, and hs4) whereas
mice (the primary model used to study Igh gene expression) have only
one regulatory region but four enhancers (hs3A, hs1.2, hs3B, and hs4).
The human hs1.2 enhancer is known to be polymorphic and is associated with multiple autoimmune disorders. The ligand-activated transcription factor, aryl hydrocarbon receptor (AhR), has been shown to
inhibit mouse 3’IghRR activity when activated by the high affinity environmental contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
In animal models, inhibition of the 3’IghRR appears to mediate TCDDinduced inhibition of B-cell differentiation into antibody-secreting cell.
In order to elucidate the role of the AhR in human Ig expression and
isotype switching, we used an AhR antagonist (AhRA). Recent studies in
our lab using a mouse B-cell line demonstrated that AhRA inhibits AhRmediated signaling and reverses the TCDD-induced inhibition of antibody secretion. In contrast, treatment of a human B-cell line with AhRA
induced an unexpected increase in IgG secretion. Therefore, we hypothesized that the AhRA, which prevents the AhR from translocating to the
nucleus and binding DNA, could influence interactions of the AhR with
other cytosolic signaling proteins. The objective of the current study was
to evaluate the effect of the AhRA on the activation (i.e. phosphorylation)
of signaling proteins by Western blot analysis and by luciferase reporter
plasmids. Our results to date suggest that the AhRA has no effect on the
phosphorylation of STAT3, Src, or Erk proteins, and no effect on NFκB
transcriptional activity. Ongoing studies are focused on analyzing more
signaling proteins, such as other STAT proteins and AP-1 transcriptional
activity. Determining the role of the AhR in human Ig expression could
provide new insight into potential environmental triggers of immune
disorders and provide new targets for drug development

Hydrocarbon Receptor in Dendritic Cells in the
Context of Viral Infection

A. M. Franchini, J. Myers, G.-B. Jin, and P. Lawrence. University of
Rochester, Rochester, NY.
Ligands of the aryl hydrocarbon receptor (AHR) modulate host
responses to pathogens. Yet, many details regarding how AHR signaling
alters immune functions following remain poorly defined. Dendritic cells
(DCs) are one immune cell type directly affected by AHR activation. DCs
are critical mediators of immunity. Identifying AHR gene targets and role
of AHR in regulating DC function are imperative to furthering our understanding of how environmental cues affect the immune system. To identify novel gene targets, we performed unbiased transcriptional analyses
of dendritic cells isolated during acute influenza A virus (IAV) infection
in vivo, in mice treated with the AHR agonist 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or control. In addition to induction of known AHR
target gene such as cyp1a1 and ahrr, RNA-Seq revealed several potentially novel AHR targets including: programmed death ligand 1 (pdl1),
DC-SIGN homolog cd209a, C-type lectin receptor clec9a, and chemokine ccl17. Further analyses of all 631 differently regulated genes (DRGs)
reveals that 82% of DRGs contain canonical AHREs and 14% contain at
least one AHREII in the upstream promoter. Flow cytometry revealed
differential expression of cd209a correlated with decreased protein
levels at the cell surface of in vivo-exposed DCs isolated from infected
mice. Also, significantly less CCL17 was detected in lung draining lymph
nodes of infected mice given TCDD exposure. Extending these findings,
human monocyte-derived DCs (hmoDCs) from healthy human donors
were exposed to TCDD or control and challenged with IAV. Target
gene analyses using qRT-PCR reveal similar changes gene expression
in hmoDCs and mouse DCs. Collectively, these data affirm that AHR
regulates a novel network of genes in DCs, pointing to AHR-regulated
signaling pathways that control DC responses during virus infection.
As these genes and pathways play a role how DCs regulate immunity
beyond IAV infection, these results have broad implications regarding
how the AHR influences immune system function.

1963 Aryl Hydrocarbon Receptor Activation during

Development Reduces Dendritic Cell Responses
Later in Life

J. Meyers, B. Winans, and P. Lawrence. University of Rochester,
Rochester, NY.
The developing immune system is susceptible to environmental
insults, which can contribute to altered immune function later in life.
Epidemiological studies and work in animal models indicate that
early life exposure to aryl hydrocarbon receptor (AHR) binding chemicals leads to persistent changes in immune function at maturity.
For example, developmental exposure to a prototype AHR ligand,
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), durably deregulates T cell
responses to influenza A virus (IAV) infection. During primary infection,
lung resident dendritic cells (DCs) acquire antigen, mature, and emigrate to the lung-draining mediastinal lymph nodes (MLN), where they
activate naïve T cells. However, the impact of developmental exposure
on these DC responses to infection is poorly understood. We report here
that developmental AHR activation changes DC distribution and trafficking later in life. While developmental exposure did not change the
number of conventional DCs (cDCs) or plasmacytoid DCs (pDCs) in the
lung prior to or after infection, there were two-fold fewer cDCs and pDCs
in the MLN. To test if developmental exposure affects DC trafficking,
we fluorescently tagged DCs in the lung, and enumerated lung-derived
DCs in the MLN. Significantly fewer lung-derived cDCs and pDCs were
detected in the MLN of developmentally exposed offspring, indicating
that early life activation of the AHR reduces DC’s ability to migrate from
the site of infection to the site of T cell activation. To test if changes in
migratory properties reflect reprogramming of intrinsic properties of
DCs, we generated bone marrow derived DCs (BMDCs) from developmentally exposed mice in vitro, and measured their migration towards
a gradient of the chemokine CCL21. Fewer BMDC from developmentally exposed mice migrated towards CCL21, compared to BMDCs from
vehicle controls. A key regulator of DC trafficking is the receptor for
CCL21: chemokine receptor 7 (CCR7). CCR7 expression was not reduced
on DCs in the lung prior to or after infection; however, subtle reductions
in CCR7 expression were observed on cDCs in the MLN and on BMDCs
from developmentally exposed mice. Thus, while developmental exposure reduces DC trafficking, factors in addition to CCR7 likely drive this
change. DCs regulate the immune response and the discovery that
maternal exposure to an AHR ligand affects them provides evidence
that the early life environment can shape immune function.

1964 Characterization of Regulatory B Cell

Populations in Response to Low Dose TCDD

E. Kummari, E.-J. Yang, S. Dhital, and B. Kaplan. Mississippi State
University, Mississippi State, MS.
Multiple Sclerosis (MS) is an autoimmune demyelinating degenerative
disease of the central nervous system. A mouse model, experimental
autoimmune encephalomyelitis (EAE), is most commonly used to study
the pathogenicity of MS, which can be induced after administration of
the self-peptide myelin oligodendrocyte glycoprotein (MOG 35-55). The
incidence of EAE can be affected by the environmental toxin 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a ligand of aryl hydrocarbon receptor
(AHR). The goal of this study was to investigate MOG-specific induced
B cell responses after exposure to low dose TCCD (1ug/kg/day for 12
days) in EAE. Splenocytes were analyzed for B cell subsets. B cell subsets
included CD19 cells producing IgG and IgM, and various regulatory
markers including PDL1, FasL, IL-10 and TGFβ. Both CD19+IgG+ and
CD19+IgM+ double positive cells were suppressed with EAE, which was
not altered further by TCDD. Interestingly, there was an increase in the
CD19-IgG+ population with EAE and low dose TCDD in combination
with EAE showed a modest decrease, which was consistent with TCDDmediated suppression of EAE-induced MOG-specific IgG levels in serum.
There was an increase in CD19+FasL+ cells with EAE and TCDD, which
is also seen in CD19+FasL+PDL1+ cells, but there was no effect of EAE
and TCDD on CD19+PDL1+cells. In vitro studies in isolated B cells confirmed the TCDD-mediated increase in FasL. CD19+IL-10+ cells decreased
with EAE, but were not affected with TCDD. There were elevated levels
CD19+TGFβ+ and CD19+IL-10+ TGFβ+ double positive cells with EAE,
which were suppressed with TCDD. Together the results demonstrate
that antibody production was compromised by low dose TCDD in EAE,
but that part of the mechanism by which TCDD alters immune function
might involve perturbation of regulatory B cell populations. (Funded by
MSU CVM)

1965 2,3,7,8-Tetrachloridbenzo-p-Dioxin (TCDD)Induced MDSCs Immunsupressive Activity
through miRNA Dysrgulation

W. Neamah, P. Nagarkatti, and M. Nagarkatti. University of South
Carolina School of Medicine, Columbia, SC.
Myeloid-Derived Suppressor cells (MDSCs) are a heterogeneous population of immunosuppressive cells derived from the bone marrow. MDSCs
serve an important, if not paradoxical role, during early and late stages of
infection and inflammation. The compound 2,3,7,8-Tetrachlorodibenzop-dioxin (TCDD), one of the most potent environmental contaminants,
is formed not only as an unwanted byproduct in the manufacturing of
chlorinated hydrocarbons, but also in incineration processes, paper and
pulp bleaching, and emissions from steel foundries and motor vehicles.
TCDD is known to suppress the immune response by many mechanisms,
such as induction of T regulatory cells. However, in our current study,
we demonstrated that TCDD treatment mediates immunosuppression
by inducing unique cells known as MDSCs that express both the macrophage marker, CD11b and neutrophil marker, Gr-1. For this purpose, we
injected C57BL/6 mice with vehicle or 10µg/kg TCDD intraperitoneally
and harvested the cells from the peritoneal cavity and estimated the
MDSCs and MDSC subsets by flow cytometry when we found increased
numbers both monocytic and granulocytic MDSCs following TCDD
treatment when compared to vehicle treated group. Further studies
revealed TCDD-induced MDSC can suppress ConA-mediated T-cell proliferation, we next investigated the epigenetic mechanisms including
microRNA dysregulation underlying the induction and immunosuppressive effects of MDSC induced by TCDD. MiRNA are small non-coding RNA
molecules involved in transcriptional and post-transcriptional inhibition
in gene expression. We performed high throughput microarray analysis
of MDSC isolated from TCDD and vehicle treated groups. We found that
in TCDD-induced MDSCSs, certain miRNAs such as mir-543-3p and mir150-5p were downregulated. These miRNA target genes including ARG,
INOS, IL-10, STAT-3 and, PIM1 which are involved in MDSC induction and
function. In summary, our data shows that TCDD can affect MDSC induction and function through modulation of miRNA. (Supported in part by
NIH grants P01AT003961, R01AT006888, R01ES019313, R01MH094755, and
P20GM103641)
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1962 Identification of Novel Gene Targets of the Aryl

1966 Use of a Population-Based Approach to Identify

Potential Genetic Modulators of TCDD-Mediated
Immunosuppression

P. Dornbos1, M. Warren2, R. Crawford1, N. Kaminski1, D. Threadgill2,
and J. J. LaPres1. 1Michigan State University, East Lansing, MI; and
2Texas A&M University, College Station, TX.
Diversity in interindividual responses to chemical exposures is a
unique challenge for risk-management. Recent advances in genomic
sequencing technologies along with the development of diverse mouse
panels have provided the opportunity to narrow down modulating
factors that drive such interindividual variability. Here, we utilize the
Collaborative Cross (CC) mouse panel to potentially associate variant
responses in the well-established 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD)-induced alterations of B cell function with specific genomic
regions. Previous reports from our lab have established a large degree
of interindividual variability in TCDD-mediated suppression of B cells
within the human population. With the use of the CC, potential genetic
modifiers of such interindividual variability can be assessed while controlling for more factors, such as age, sex, and previous and concurrent
exposures, than was possible in our human study. Primary B cells were
isolated from the spleens of 14 different inbred mouse strains (n > 5) and
exposed to logarithmically increasing concentrations of TCDD to induce
a dose-response in the number of IgM secreting cells and the amount
of IgM secreted. Similar to the variation seen in our previous human
B cell study, we found significant interstrain differences. While some
strains, such as C57Bl6/J, show significant suppression in the number
of cells secreting IgM with increasing concentration of TCDD (P < 0.05),
other strains, such as 129SvlmJ, are seemingly nonresponsive. While a
portion of the aforementioned interstrain differences are likely due to
the sequence variation within the aryl hydrocarbon receptor (AHR) gene
which is known to mediate most of TCDD-mediated toxicity, our results
indicate there are likely further genetic modifiers that modulate TCDDmediated alterations in B cell function.

1967 Suppression of IgM Response by

2,3,7,8-Tetrachlorodiobenzo-p-Dioxin (TCDD)
Involves Impairment of Immunoglobulin
Secretion by Human Primary B Cells
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J. Zhou, R. Crawford, and N. Kaminski. Michigan State University,
East Lansing, MI.
Suppression of the IgM response by TCDD in mice has been shown to
involve a marked suppression of Igμ, Igκ and IgJ chains mRNA expression, leading to a decrease of IgM synthesis by mouse B cells and hence
a decrease in the number of antibody secreting cells. In human B cells,
our studies also shown a decrease in the number of antibody secreting
cells and in the amount of IgM secreted as, assessed by ELISPOT and
ELISA, in the presence of TCDD. However, the level of the intracellular
IgM and the mRNA levels of Igμ, Igκ and IgJ chains were not altered by
TCDD. In addition, RNA-seq analysis of human B cells activated through
pokeweed mitogen (PWM) revealed that TCDD-mediated upregulation
of LCK mRNA. LCK is a tyrosine kinase that can phosphorylate known critical signaling proteins involved in vesicle secretion by T cells. However,
little is presently known about the role of LCK in human B cell function.
We observed that the mRNA and protein levels of LCK were elevated
with TCDD treatment which corresponded with a decrease in secreted
IgM on day 7, post in vitro CD40 ligand activation. The impairment of
IgM secretion by human primary B cells, was rescued in the presence of
a LCK specific inhibitor. Our preliminary results suggest that the TCDDmediated suppression of the IgM response in mouse versus human B
cells is mechanistically distinct. Moverover, it appears that the increased
of LCK expression is involved in TCDD-mediated suppression of IgM
secretion by human primary B cells.

1968 Deregulated TLR Responses by AhR Ligands in
Human Dendritic Cells

C. F. Vogel1, S. Kado1, W. W. Chang1, A. Nguyen Chi1, M. Wolny1,
and D. M. Shepherd2. 1University of California, Davis, CA; and
2University of Montana, Missoula, MT.
Currently, it is not well understood how ligands of the Aryl hydrocarbon
Receptor (AhR) modify inflammatory responses triggered by Toll like
receptor (TLR) agonists in human dendritic cells (DCs). Here, we show
that AhR ligands 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the tryptophan derivatives 6-formylindolo[3,2-b]carbazole (FICZ), Kynurenine
(kyn), and the natural dietary compound Indole-3-carbinole (I3C) differentially modify cytokine expression in human monocyte-derived DCs
(MoDCs). The results show that TLR-activated MoDCs express higher

levels of AhR and are more sensitive towards the effects of AhR ligands.
Depending on the cytokine, treatment with AhR ligands led to a synergistic or antagonistic effect of the TLR-triggered response in MoDCs.
Thus, activation of AhR increased the expression of Interleukin (IL)1β, but decreased the expression of IL-12A in TLR-activated MoDCs.
Furthermore, TCDD and FICZ may have opposite effects on the expression of cytochrome P4501A1 (CYP1A1) in TLR8-activated MoDCs indicating that the effect of the specific AhR ligand may depend on the presence of the specific TLR agonist. Gene silencing showed that synergistic
effects of AhR ligands on TLR-induced expression of IL-1β requires a
functional AhR and the expression of NFκB RelB. In order to identify key
factors, which might be responsible for the repression of TLR-induced
cytokines by AhR ligands we analyzed expression of activating transcription factor 3 (ATF3), indoleamine 2,3-dioxygenase (IDO1) and the caudal
type homeobox 2 (CDX2) transcription factor. All three genes have
been described to potentially modify or negatively regulate TLR- and
NF-κB-regulated signaling and cytokine expression. The results show
that the repression of IL-12A by TCDD and FICZ involved the induction
of the caudal type homeobox 2 (CDX2) transcription factor. Additionally,
the levels of DC surface markers were decreased in MoDCs by TCDD,
FICZ and I3C, but not by kyn. Overall, these data demonstrate that AhR
modulates TLR-induced expression of cytokines and DC-specific surface
markers in MoDCs involving NFκB RelB and the immune regulatory
factor CDX2.

1969 AhR Ligands, TCDD, and FICZ Have Contrasting
Effects Mediated through Epigenetic
Modifications on T Cell Differentiation and EAE
Development in Mice

N. P. Singh, M. Bam, X. Yang, U. Singh, M. Nagarkatti, and P.
Nagarkatti. University of South Carolina School of Medicine,
Columbia, SC.
TCDD (2 3 7 8-tetrachlorodibenzo-p-dioxin) and FICZ (6-Formylindolo
(3,2-b) carbazole) are ligands of Aryl Hydrocarbon Receptor (AhR), a
transcription factor belonging to basic-helix-loop-helix family of transcription factors (bHLH/PAS). Recent studies have suggested the role
of AhR ligands in T cell differentiation. In this study, we investigated
the effect of TCDD, an exogenous AhR ligand and FICZ, an endogenous AhR ligand, on the development of experimental autoimmune
encephalomyelitis (EAE) in mice (C57BL/6), a model of MS. There was
significant amelioration of EAE in mice treated with TCDD whereas, FICZ
had opposite effect on EAE development. Upon analysis of Tregs and
Th17 cells, there was a significant increase in the generation of Tregs
but suppression of Th17 cells in mice treated with TCDD. In contrast,
there were significantly more Th17 cells but less Tregs in mice with EAE
treated with FICZ. Upon examination of microRNA (miR) profile, there
was dysregulation of miRs in T cells of mice with EAE treated with TCDD
or FICZ, when compared to vehicle. Also, there were significant DNA
hypomethylation/hypermethylation and histone modifications in T cells
treated with TCDD or FICZ, when compared to vehicle. These studies
demonstrate for the first time that TCDD and FICZ, both AhR ligands, act
differently through epigenetic modifications in regulating T cell differentiation and EAE development. The present study was supported in part
by NIH grants (P20GM103641, P01AT003961, R01AT006888, R01ES019313,
and R01MH094755).

1970 Immunomodulatory Role of Metallothionein in
the Extracellular Environment

S. Bhandari. University of Connecticut, Storrs, CT.
Metallothioneins (MTs) are small molecular weight stress response proteins that are highly conserved across different species. The expression
of MT increases under stressful conditions such as exposure to heavy
metals or to reactive oxygen and nitrogen species. MT has a high affinity
for divalent heavy metals such as zinc, copper, mercury, and cadmium,
and thus is critical to the maintenance of both intracellular metal
homeostasis and the management of metal toxicity. Additionally, MT
serves as a regulator of cellular redox potential, and is a buffer of free
radicals. Research on MT has traditionally been focused on its intracellular properties, but its presence in extracellular compartments such
as serum, urine, milk, prostatic fluids, bile, liver sinusoids, bronchoalveoli, and pancreatic acini hint a possible extracellular role. We have
previously shown that MT can bind to the surface of lymphocytes. MT
is a potent chemoattractant for Jurkat T cells (ATCC TIB-152), and this
effect can be blocked with antagonists of G-protein coupled receptors
(GPCR). The chemotactic effect of MT was also seen with primary splenocytes and with a breast cancer cell line, MDA-MB 231 (ATCC HTB-26),
suggesting that the effect is not a cell-specific phenomenon. When T
cells are pre-incubated with MT, there is a significant decrease in their
chemotactic response towards SDF-1α. This pre-incubation does not

1971 Immunotoxicity of Benzo(a)pyrene and
Phenanthrene

Johnson1,

V. J.
C. V. Rider2, M. I. Luster1, E. Mutlu2, S. Waidynatha2,
G. R. Burleson1, F. G. Burleson1, and D. R. Germolec2. 1Burleson
Research Technologies, Inc., Morrisville, NC; and 2National
Toxicology Program, NIEHS, Research Triangle Park, NC.
The ability of polycyclic aromatic hydrocarbons (PAHs), most notably
benzo(a)pyrene [B(a)P], to suppress antibody responses in experimental
animals is well documented. Very little information, however, is available on the immunotoxicity of related PAHs despite their widespread
presence in the environment. Furthermore, there are several limitations
in existing immunotoxicity studies for PAHs making them not ideal/
applicable for quantitative risk assessment. In the current study adult
B6C3F1/N female mice were treated daily for 28 consecutive days by
oral administration of B(a)P, a probable human carcinogen, to provide
dose levels ranging between 2 and 150 mg/kg/day. In addition, phenanthrene, a PAH not classifiable as to its carcinogenicity in humans, was
studied (doses ranging between 12.5 and 400 mg/kg/day). B(a)P exposure resulted in significant decreases in lymphoid organ weights, all
immune cell types in the spleen and antibody responses to SRBC. The
most sensitive indicator for immunotoxicity was suppression of antibody responses where significant decreases occurred in animals treated
with ≥9 mg/kg/day. Antibody suppression was due to cell loss as well
as decreased cell function. The immunotoxic profile established for
B(a)P suggests that the effects occur by preventing late stage maturation, as there was no impact on bone marrow cellularity. Phenanthrene
treatment resulted in suppression of the antibody response at dose
levels ≥50 mg/kg. Since phenanthrene has been shown repeatedly to
be void of mutagenic activity, it seems unlikely that mutational events
are responsible for immunotoxicity. These results demonstrate that
the antibody response was a more sensitive indicator of toxicity than
liver effects, findings that are important for quantitative risk assessment
for PAHs. These data establish the groundwork for characterizing the
immunotoxic potential of PAHs which will be important for prediction
of potential immunotoxicity of PAH mixtures and for prioritization of
toxicity testing.

1972 Effects of Omega-3 Docosahexaenoic Acid on

Silica-Triggered IL-1β Release and Cytotoxicity
in RAW 264.7 Cells

K. Gilley, M. Bates, and J. J. Pestka. Michigan State University, East
Lansing, MI.
Crystalline silica (cSiO2) is suspected to contribute to the exacerbation
of autoimmunity and thus inflammation within genetically-predisposed
individuals. We have previously observed in lupus-prone NZBW1 mouse
that exposure to cSiO2 induced an inflammatory response in the lungs
characterized in part by elevated proinflammatory cytokines. These
pro-inflammatory effects were reduced by consumption of the n-3
polyunsaturated fatty acid docosahexaenoic acid (DHA). We hypothesize that DHA attenuates silica-induced inflammation beginning at the
level of the macrophage. Herein, we utilized murine-derived, macrophage-like RAW 264.7 cells to test this hypothesis in vitro. RAW 264.7
(3x105 cells/ml) were incubated for 24 hours with 25 μM DHA in RPMI1640 prior to beginning the experiment and maintained in fatty-acid
amended media throughout the duration of the experiment. IL-1β formation was primed with 25 ng/ml lipopolysaccharide (LPS) for 3 hours
prior to exposure to 50 ug/ml cSiO2 for 24 hours. The results indicate that
extracellular release of both IL-1β and lactate dehydrogenase (an indicator of cytotoxicity) were decreased by DHA. These results suggest that
DHA might be effective in preventing cSiO2 toxicity in the macrophage,
thereby possibly mitigating downstream autoimmunity.

1973 Nickel Sulfate Promotes Il-23 Production in

Human Dendritic Cells Leading to Th17 Cells
Differentiation

R. Bechara2, D. Antonios1, H. Azouri1, and M. Pallardy2. 1Saint
Joseph University, Beirut, Lebanon; and 2Université Paris-Saclay,
Chatenay-Malabry, France.
Allergic contact dermatitis, caused by nickel, is a delayed-type hypersensitivity reaction. Among a wide range of cytokines, the interleukin
(IL)-12 family has unique structural and immunological characteristics.
While IL-12p70 promotes Th1 cells polarization, IL-23 promotes Th17
cells development which were recently isolated from nickel-allergic
patients. We hypothesized that nickel may induce IL-23 production in
dendritic cells leading to Th17 cells development and that common
and independent pathways may be involved in IL-23/IL-12 regulation.
We showed that nickel induced an early production of IL-23 in human
monocyte-derived dendritic cells (MoDCs) going with an increase in the
expression of il-23p19 and il-12p40 mRNA. However, the production of
a significant IL-12p70 requires additional signal such as IFN-γ. Nickeltreated MoDCs induced an increase in the percentage of IL-17A+ allogeneic CD4+ T cells, an effect reduced by IL-23 neutralization. We then
investigated the molecular mechanism of nickel-induced IL-23 production using pharmacological inhibitors of p38MAPK, NF-kB and Jak-STAT
pathways. Our results showed that p38MAPK and NF-kB were involved
in IL-23 production induced by nickel. However, Jak-STAT activation was
crucial for IL-12p70 production but decreased IL-23 production. These
results indicate that nickel-induced Th17 cells is dependent on the production of a biological active IL-23 by human MoDC via p38MAPK and
NF-κB pathways.

1974 Combined Effect of Deltamethrin and Cadmium
on Hepatic, Hematological, and Immunological
Parameters in Mice

H. Rehman. University of Tabuk, Tabuk, Saudi Arabia.
Exposure to natural and man-made environmental toxins concurrently
can pose a greater threat to multiple organs. In the present work, we
investigated interactions between deltamethrin and cadmium, whose
mechanisms of action in humans are poorly understood. Albino mice
were randomly divided into 4 groups, each containing 6 mice: Saline
as control, deltamethrin (DM)-treated, CdCl2-treated, and CdCl2 plus
deltamethrin-treated. After two weeks of treatment biochemical and
hematological effects, TLC (Total leukocyte count), DLC (Differential leukocyte count), humoral mediated immune responses, and histopathological studies were conducted. Mice exposed to DM and Cd showed a
significant increase in aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Also, DM and Cd intoxication resulted in suppression of humoral immunity, erythrocyte count, hemoglobin, hematocrit,
and total leukocyte count. Histopathological evidence revealed hepatic
damage, supporting the AST and ALT findings. Cd and DM exhibited an
additive type of toxicity. It could be concluded that these toxins either
target different cellular pathways, or the individual amounts used in
this study were not enough to saturate the toxicological target, thus
producing additive effects. Acknowledgment: The authors would like to
acknowledge financial support for this work from the Deanship of Scientific
Research (DSR), University of Tabuk, Tabuk, Saudi Arabia, under the no.
S-1435-0078.

1975 Effects of Vanadium on Innate Immune

Responses Induced by Streptococcus pneumonia,
Staphylococcus aureus, IL-1-beta, and LPS in
Mouse Airway Epithelial Cells

L. K. Ryan2, and G. Diamond1. 1University of Florida College of
Dentistry, Gainesville, FL; and 2University of Florida College of
Medicine, Gainesville, FL.
V2O5-containing air pollutant particulates in the lung are extensively
studied but the effect on innate immune molecules such as antimicrobial peptides (AMP) remains to be elucidated. AMPs secreted by airway
epithelial cells are part of the initial response to inhaled microorganisms. AMPs, including ß-defensins, kill microorganisms and modulate
the initial local immune response in the airway. We showed that in
vitro, air pollutant particulate matter (ROFA) containing vanadium (VV)
inhibited this response in human airway epithelial cells at noncytotoxic
levels. Specifically, V2O5 and VOSO4 suppress β-defensin-2 responses
to LPS and IL-ß in a dose-dependent manner in primary bovine and
human airway epithelial cells. We hypothesized that mouse airway epithelial cells would respond similarly. Differentiated primary epithelial
cells derived from tracheas (TEC) of C57BL/6 mice (WT), mice lacking
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interfere with internalization of the cognate SDF-1α receptor (CXCR4,
a GPCR) that accompanies SDF-1α induced chemotaxis. Pre-incubation
of MT with T cells also does not stimulate increased intracellular reactive oxygen species (ROS) levels. Our most recent studies have shown
that a specific MT peptide (amino acid sequence 1-10, MDPNCSCAAG)
interferes with SDF-1α mediated chemotaxis while a scrambled peptide
has no effect. The presence of MT in the extracellular environment and
its novel chemotactic properties suggest a possible immunomodulatory role in inflammatory diseases and in the progression of metastatic
cell movement. MT manipulation may represent a novel approach for
therapeutic intervention and the management of environmental toxicant-mediated immunomodulation.

the β-defensin-1 gene (KO) and a mouse alveolar type II epithelial cell
line (MLE15) were used to model innate immune responses. Triplicate
cultures were treated with 10 μg/ml V2O5 or VOSO4 for 6 hr, washed,
then stimulated with medium alone, 100 ng/ml LPS, 100 ng/ml IL-1β
or 1000:1 bacteria:cell for 24 hr. QRT-PCR assessed mBD-3, mBD-14, KC,
IL-6 and CCL2 mRNA. In WT and KO mouse TEC, LPS and IL-1β increased
mBD-3 and mBD-14 mRNA, although responses in KO mice were much
lower than WT. V2O5 inhibited induction of mBD-14 but not mBD-3 in WT
TEC by IL-1β; it had no effect on their induction by LPS. V2O5 enhanced
LPS-induced mBD-3 but had no effect on LPS-induced mBD-14 in WT
TEC. VOSO4 induced mBD-3 and mBD-14, yet inhibited S. pneumonia-induced mBD-3. IL-1ß and S. aureus-induced mBD14 was enhanced by
VOSO4, but KC induction was not affected. In KO TEC, V2O5 did not inhibit
IL-1β induction of mBD-3 and mBD-14 but induced mBD-3 and -14
in WT TEC and only mBD-14 in KO TEC. In MLE15 cells, no mBD-3 was
expressed and LPS had no effect on mBD-14, but basal levels of mBD-14
were inhibited by V2O5. Thus, mouse and human primary airway epithelium are similar only with respect to V2O5 suppression of IL-1β-induced
β-defensins, whereas the responses of MLE15 cells do not resemble the
responses of human A549 cells. In addition, it appears that the mBD-1
gene coordinates with mBD-3 and mBD-14 in innate immunity. (Funded
by NIEHS 1R03ES016851 +S1)

1976 Assessment of Immunotoxicity in Female F344/N
and Sprague Dawley Rats and Female B6C3F1
Mice Exposed to Hexavalent Chromium via the
Drinking Water

K. A. Shipkowski1, C. M. Sheth3, M. J. Smith2, M. J. Hooth1, and
D. R. Germolec1. 1National Toxicology Program, NIEHS, Research
Triangle Park, NC; 2Richard Bland College of William and Mary,
Petersburg, VA; and 3US FDA/CDER, Silver Spring, MD.
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Sodium dichromate dihydrate (SDD), an inorganic compound containing
hexavalent chromium (Cr(VI)), is a common environmental contaminant
of groundwater sources due to its widespread industrial use. There are
indications in the literature that Cr(VI) may induce immunotoxic effects
following dermal exposure, including acting as both an irritant and a
sensitizer, however the potential immunomodulatory effects of Cr(VI)
following oral exposure are relatively unknown. Due to the detection of
Cr(VI) in drinking water sources, the National Toxicology Program (NTP)
conducted extensive evaluations of the toxicity and carcinogenicity of
SDD following drinking water exposure, including range-finding studies
to assess the potential for Cr(VI) to modulate immune function. For the
immunotoxicity assessments, female F344/N and Sprague Dawley (SD)
rats and female B6C3F1 mice were exposed to SDD in drinking water for
28 days and evaluated for alterations in cellular and humoral immune
function as well as innate immunity. Rats were exposed to concentrations of 0, 14.3, 57.3, 172, or 516 mg/L SDD while mice were exposed to
concentrations of 0, 15.6, 31.25, 62.5, 125, or 250 mg/L SDD. Final mean
body weight and body weight gain were decreased in 250 mg/L B6C3F1
mice and 516 mg/L SD rats. Water consumption was significantly
decreased in F344/N and SD rats exposed to 172 and 516 mg/L; this
was attributed to poor palatability of the SDD drinking water solutions.
Several hematological parameters, including hemoglobin, hematocrit,
mean cell volume (MCV), and mean cell hemoglobin (MCH) were significantly decreased (5-7%) in 250 mg/L mice, however these parameters
were unaffected in rats. Spleen cell populations were not significantly
affected in rats or mice, and the minimal effects observed were not
deemed biologically relevant. Sporadic increases in the spleen IgM antibody response to sheep red blood cells (sRBC) were observed, however
these increases were not dose-dependent and were not reproducible.
No significant effects were observed in the other immunological parameters evaluated. Overall, exposure to Cr(VI) in drinking water had limited
effects on the immune system in both rats and mice.

1977 Inflammatory Responses and CD4+ T

Subpopulations Differentiation by Arsenic and
the Involvement of MAPK, NF-kB, And Nrf2

B. Li1, X. Duan1,2,, J. Li1, and L. Zhao1. 1China Medical University,
Shenyang, China; and 2Shenyang Medical College, Shenyang,
China. Sponsor: J. Pi.
Increasing evidences indicate that arsenic might be associated with
immunological injuries, but the detailed effects are poorly understood.
The objective of this study was to explore inflammatory responses and
T cell differentiation of arsenic exposure in vivo. C57BL/6 mice were
systemically administration with 2.5, 5 and 10 mg/kg NaAsO2 intra-gastrically. We found that arsenic significantly decreased the spleen and
thymus weights, and also decreased the relative frequency of CD4+ T
cell subpopulation as well as the ratios of CD4/CD8 in spleen. In contrast,
serum TNF-α, IL-1β and IL-6, as well as the mRNAs of key inflammatory

mediators, including Tgf-β, Tnf-α, Il-12, Il-1β and Il-6 were significantly
increased in arsenic-treated mice compared to the control. In addition,
arsenic increased the expression of Th1, Th2 and Treg-associated transcription factors and cytokines, and decreased Th17-associated factors
as well. Furthermore, arsenic enhanced oxidative stress and induced the
activation of ERK1/2, JNK and p38, as well as two nuclear factors NF-kB
and Nrf2, which comprise important mechanistic pathways involved in
immune-inflammatory manifestations. Together, our results provide a
novel strategy to block the arsenic-dependent impairments in immune
responses.

1978 Arsenic Exposure Alters Thymocyte Lineage
Commitment and Suppresses Splenic T Cell
Function by Increasing Regulatory T Cells

R. Gera, V. Singh, S. Mitra, A. K. Sharma, and D. Ghosh. Indian
Institute of Toxicology Research, Lucknow, India. Sponsor: S.
Yadav.
Arsenic is a well known environmental toxicant and has been reported to
disturb peripheral CD4+/CD8+ T cell distribution and alter immune function. However, impact of arsenic on the development and differentiation
of T cells in thymus has not been studied and mechanisms of arsenic-induced immunosuppression are yet not clear. We investigated the effect
of arsenic on thymocyte differentiation and the involvement of regulatory T cells (Treg) in the event of arsenic-induced immunosuppression.
Male Balb/c mice were exposed to 0.038, 0.38 and 3.8 ppm sodium arsenite (NaAsO2) for 7, 15 and 30 days through oral gavage. Flowcytometric
analysis was performed to detect alterations in CD4+, CD8+ and Treg cell
distribution in thymus and spleen. Expression of associated transcription factors were analyzed by Real time-PCR and western-blot analysis.
Arsenic exposure promoted the commitment of thymocytes into CD4+
T cells supported by changes in expression of associated transcription
factors ThPOK and RunX3 in thymus. Arsenic increased splenic CD4+ T
cells differentiation into Treg cells in a dose and time dependent manner.
Arsenic altered various Th1 (IFN-γ, IL-12, TNF-α) and Th2 (IL-4, IL-5, IL-10)
related cytokine production from ConA stimulated splenocytes determined by multiplex assay. Higher persistence of pathogen upon challenging arsenic exposed mice with Mycobacterium fortuitum suggested
increased susceptibility to opportunistic pathogens. Involvement of Treg
cells in arsenic-induced immunosuppression was validated by inhibiting
Treg cells in vivo using wortmannin. Inhibition of Treg cells subsequently
reversed arsenic associated suppressed secretion of Th1 and Th2 related
cytokines. Therefore, our findings indicate that exposure to arsenic disturbed thymocyte differentiation and altered functional status of T cells
by elevating Treg cells. Hence Treg cells play a major role in the event
of arsenic-induced immunosuppression. Elucidating the mechanism of
immunosuppression may help intervening the arsenic-induced disease
susceptibility.

1979 The Effects of Urban Air Particulate Matter and

Farm Dust on Human Immune Responses In Vitro

M.-V. Martikainen5, T. Rönkkö5, B. Schaub4,2,, J. Pekkanen6, M.
Komppula1, J. Jokiniemi5, M.-R. Hirvonen5,3,, P. Jalava5, and M.
Roponen5. 1Finnish Meteorological Institute, Kuopio, Finland;
2Member of the German Center for Lung Research (DZL), Munich,
Germany; 3National Institute for Health and Welfare, Kuopio,
Finland; 4University Children’s Hospital, Dr. von Hauner Children’s
Hospital, Munich, Germany; 5University of Eastern Finland, Kuopio,
Finland; and 6University of Helsinki, Helsinki, Finland. Sponsor: M.
Viluksela.
Background: Exposure to particulate matter (PM) increases cardiovascular morbidity and mortality worldwide, and it is also a potential risk
factor for developing asthma. In contrast, children raised in traditional
farm environment seem to have a natural resistance to asthma. Asthmaprotection has been linked with the exposure to microbe-rich farm dust
and immune regulatory pathways. PM or its specific constituents may
instead disrupt immunoregulatory mechanisms and thus predispose to
asthma. However, the underlying immune mechanisms and exposures
are under investigation. Aim: To investigate the effect of urban air PM
(risk environment) and farm dust (FD, protective environment) on the
immune profile of dendritic cells (DCs) and monocytes. These cells are
among first ones to react to airway exposures, and they have a critical
role in the determination of subsequent immune responses. Methods:
We stimulated peripheral blood mononuclear cells of 4-year-old children (N=18) with FD (40 µg/ml, stable in Northern Savonia, Finland) and
PM (75 µg/ml, PM2.5-1, PM1-0.2 or PM<0.2, Nanjing, China) for 18 h. Numbers
and phenotype (expression of immunogenic CD80 and tolerogenic ILT4)
of myeloid DCs (mDC) and plasmacytoid DCs (pDC) and monocytes
were analyzed by flow cytometry. Results: PM stimulation decreased

1980 Hydraulic Fracking Sand Dust Produces a Pro-

Inflammatory Response in Murine Macrophage
Cells

N. S. Olgun. CDC/NIOSH, Morgantown, WV.
Hydraulic fracturing is used in the majority of natural gas wells across
the United States. Water, sand, and chemicals are delivered at high pressure to drilled wells to cause fractures in the shale formations, allowing
for the release of natural gas. Fracking sand, comprised mainly of silica
dioxide (SiO2), along with water and chemicals, is used to keep these fissures open. Silicosis is a pulmonary disease that affects workers exposed
to inhaled silica and is characterized by inflammation and fibrosis,
causing a decrease in lung capacity. Fracking sand dust (FSD) is generated during preparation of fracking fluid for injection. In this study,
murine macrophage cells (RAW 264.7) were used to better understand
the mechanisms of toxicity associated with inhaled FSD (< 10 µm). We
hypothesized that the soluble and non-soluble components present
in the FSD would each play a unique role in observed pro-inflammatory responses and cytotoxicity. FSD was washed in PBS twice, 5 days
each time, allowing for any soluble material to be released (1st and 2nd
washes, respectively). On the 10th day, sand that was twice washed was
re-suspended in PBS (10mg/ml) so that comparisons could be made to a
freshly prepared, unwashed mixture. Compared to similarly treated silica
controls, the viability of cells (measured with a fluorogenic substrate)
exposed to PBS from the 1st and 2nd washes were decreased by 40%,
whereas unwashed sand decreased viability by 60% over a 24 h period.
Intracellular ROS generation from sand washed once was significantly
higher compared to sand that was washed twice. Unwashed FSD sand
generated the most intracellular ROS and was significantly higher than
sand re-suspended after two washes. Production of the hydroxyl radical
(.OH) was also the highest in unwashed sand, followed by PBS from the
first and second washes. Sand re-suspended in PBS after 10 days generated the least amount of .OH. Finally, production of the pro-inflammatory cytokines IL-1β and TNFα were measured using ELISA. While
IL-1β production decreased with washing, TNFα production remained
elevated. Our results indicate that FSD is cytotoxic to RAW 264.7 cells, as
evidenced by decreases in viability, and stimulates intracellular ROS and
.OH production. The stark differences in production between IL-1β and
TNFα stimulated by the dust warrants future studies into the pro-inflammatory effects of its soluble and insoluble components.

1981 Effects of Cyanobacteria Oscillatoria sp.

Lipopolysaccharide on B Cell Activation and TollLike Receptor 4 Signaling

M. Swanson-Mungerson1, R. Incrocci1, V. Subramaniam1, M. L. Hall1,
P. Williams2, and A. M. Mayer1. 1Midwestern University, Downers
Grove, IL; and 2University of Hawaii at Manoa, Honolulu, HI.
Background: Cosmopolitan Gram-negative cyanobacteria may contaminate freshwater by releasing toxins, such as lipopolysaccharide (LPS),
thus affecting human and animal health. We recently reported that
cyanobacterium Oscillatoria (OSC) sp. LPS elicited classical and alternative activation of rat microglia (BMG) in vitro (The Toxicologist, 144:
Abstract 137, 2015). LPS activates cells both from the innate and adaptive immune system. LPS from other Gram-negative bacteria binds to
toll-like receptor 4 (TLR4) on B cells to increase B cell activation. Due to
the likely exposure of OSC sp. LPS to B cells found in the gut associated
lymphoid tissue, we tested whether OSC LPS would stimulate TLR4 on
murine B cells (MuB) in vitro to proliferate, phagocytose antigen, and
produce IgM in a manner similar to LPS from another Gram-negative
bacteria, E. coli. Methods: OSC LPS was prepared by hot phenol/water
extraction. E. coli LPS (Ec LPS) 026:B6 from Difco Lab, Detroit, MI was
used as a positive control. MuB were isolated from c57/Bl6 mice and
treated in vitro with either OSC LPS, or Ec LPS in a concentration-dependent manner. Proliferation was determined using MTT assay, flow
cytometry determined increased phagocytic ability, and IgM production
was determined by ELISA. Western blot analysis was used to analyze
OSC sp. TLR4 signaling. Results: Ec LPS, and OSC LPS stimulated a concentration-dependent increases in proliferation, phagocytosis, and IgM

production, but OSC sp. was less potent than Ec LPS. Further experiments indicate that these changes were due to differences in TLR4
signaling. Conclusions: Our data indicate that OSC sp. LPS acts as an
agonist to enhance B cell activation, albeit at a lower efficacy than other
gut commensals such as Ec LPS. Nevertheless, this agonistic ability of
OSC sp. LPS to activate B cells could significantly impact the mechanism
by which Oscillatoria sp. cyanobacteria cause disease in humans and
animals. Support by the Biomedical Sciences Program, College of Health
Science, Midwestern University and the University of Hawaii at Manoa is
gratefully acknowledged.

1982 Effect of Short-Term and Long-Term Exposure of
Asbestos on Human T Cell Line MT-2

H. Matsuzaki1, S. Lee1, M. Maeda2, N. Kumagai-takei1, K. Yoshitome1,
Y. Nishimura1, and T. Otsuki1. 1Kawasaki Medical School,
Kurashiki, Japan; and 2Okayama University Graduate School of
Natural Science and Technology, Okayama, Japan.
Asbestos fibers cause mesothelioma and lung cancer. We propose that
asbestos suppress anti-tumor immune system in addition to transformation of mesothelial and lung epithelial cells. It is considered that regulatory T cells, Treg produce inhibitory cytokines to suppress immune reaction against tumor cells. We employed human T cell line MT-2 cell as a
model of Treg and cultured them with low concentration of asbestos for
8 months. MT-2 cells exposed with low-concentration asbestos for long
term showed higher viability after treatment with high lethal dose of
asbestos than original MT-2 cells, and they were designated as MT-2Rst.
However, it is still unclear how asbestos induces apoptosis in MT-2 cells
and molecular basis of resistance of MT-2Rst cells to high concentration of asbestos. Recently, we found that forkhead transcription factor
FoxP3 plays an important role in regulation of apoptosis induced by
asbestos. In this study, we analyzed the regulation of FoxP3 transcription in MT-2Org and MT-2Rst cells using luciferase reporter plasmids
containing promoter of FoxP3 gene. However, there was no difference
in FoxP3 reporter activity between MT-2Org and MT-2Rst. These results
indicate that asbestos suppressed FoxP3 transcription through the
epigenetic mechanisms. On the other hand, we examined the effect
of asbestos on mitochondrial activity and found that asbestos induces
mitochondrial dysfunction. Further studies are needed to clarify molecular basis of asbestos-induced apoptosis and modification of MT-2 cells
by long-term treatment with asbestos.

1983 Triclosan Suppresses RBL-2H3 Mast Cell Function
via Inhibition of Phospholipase D Activity

Shim2,

J.
M. A. Caron2, T. J. Briana3, L. B. Gerchman2, L. M.
Weatherly2,1,, and J. A. Gosse2,1,. 1Graduate School of Biomedical
Science and Engineering, Orono, ME; 2University of Maine, Orono,
ME; and 3University of Maine at Farmington, Farmington, ME.
Triclosan (TCS) is a synthetic antimicrobial agent used in many types
of consumer products, resulting in detection in human various specimens. Mast cells are ubiquitous in the human body and play crucial
roles by secreting myriad effectors (degranulation), such as histamine
and other mediators of numerous physiological processes and diseases. Using rat basophilic leukemia, clone 2H3 (RBL-2H3) mast cells
as well as human HMC-1 cells, we previously demonstrated that TCS
inhibits mast cell degranulation. Using calcium ionophore stimulation
to bypass early signaling events, we have found that TCS’s suppressive
effects are enhanced. We also found that TCS strongly inhibits membrane ruffling of antigen (Ag)-stimulated RBL-2H3 cells. These findings suggest that TCS’s target in mast cells lies downstream of Ca2+
influx. Thus, we investigated downstream signaling molecules of Ca2+
rise, such as phospholipase D (PLD) and protein kinase C (PKC). PLD is
expressed in RBL-2H3 cells in two isoforms, both of which are essential
to the degranulation process. PLD1 is expressed within the cytoplasmic
granules that undergo membrane fusion during degranulation whereas
PLD2 is continually expressed along the cell surface. Here, using fluorescent-based PLD activity ELISA, we demonstrate that TCS inhibits the
activity of PLD in Ag-stimulated RBL-2H3 mast cells. We also found that
the PLD inhibitor, FIPI (5-Fluoro-2-indolyl des-chlorohalopemide), along
with TCS exposure, produces additive inhibition of PLD activity. We are
now investigating the ability of TCS to affect PKC, which works closely
with PLD, to stimulate degranulation. These data provide a mechanism
underlying TCS inhibition of mast cell degranulation.
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the percentage of CD80+ DCs and monocytes, whereas FD stimulation
increased the percentage of CD80+ cells. The percentage of ILT4+ cells
was decreased in all cell types after PM stimulation. Similar phenomenon was seen after FD stimulation in monocytes and pDCs, but not
in mDCs. Although PM samples induced parallel immune reactions,
the strength of the effects was determined by the PM size-fraction.
Conclusions: Studied environmental samples were able to modulate the
immunogenicity and tolerogenicity of peripheral DCs and monocytes.
The observed effects were partly opposite, suggesting that high risk and
protective environments have differing capacities to influence properties of these cells.

1984 Host Cell Protein Impurities, Aggregation, and
Immunogenicity of Biotherapeutics

R. J. Dearman2, K. D. Ratanji2, J. P. Derrick2, R. Thorpe1, M. Wadhwa1,
and I. Kimber2. 1National Institute for Biological Standards and
Control, Potters Bar, United Kingdom; and 2The University of
Manchester, Manchester, United Kingdom.
A key toxicological issue for biotherapeutics is immunogenicity, specifically the production of anti-drug antibodies which can impact significantly upon their safety and efficacy profile. Various factors, including
aggregation and the presence of process-related impurities, can modify
and augment the immunogenic potential of proteins. The purpose of
the investigations reported here was to characterize in mice the influence of aggregation and host cell protein (HCP) impurities on the immunogenicity of a reference biologic (humanized single chain antibody
variable fragment; scFv), and a reference homologous protein, mouse
albumin. BALB/c strain mice were immunized by intraperitoneal injection and specific antibody responses measured by ELISA. Mass spectrometric analysis identified the 70 kDa Escherichia coli (E.coli) chaperone
protein DnaK as a key contaminant of scFv oligomeric preparations,
whereas monomeric preparations lacked detectable HCP. Monomeric
scFv was spiked with recombinant E.coli DnaK (0.1% by mass) to mimic
the process related impurity and aggregated by incubation at 40oC for
25min. Aggregation alone enhanced IgM and IgG2a antibody responses,
but had no significant effect on total IgG or IgG1 responses. The addition
of DnaK further enhanced IgG and IgG2a antibody responses, but only
in the presence of aggregated protein. DnaK was shown to be associated with the aggregated scFv by Western blot analysis. Experiments
with the homologous protein mouse albumin also showed an overall
increase in immunogenicity with protein aggregation alone, and the
presence of DnaK increased the vigor of the IgG2a antibody response
further. Harsher conditions (incubation at 60oC for 24 hr) were required
for aggregation of mouse albumin, however. Collectively these data
reveal that DnaK has the potential to modify and enhance immunogenicity when associated with aggregated protein, including overcoming
tolerance associated with homologous proteins.

1986 Evaluation of T Cell-Dependent-Antibody

Reponses in Cynomolgus Monkeys Treated with
an Immunossupressor or Immunostimulant,
Using Two Antigens

M.-S. Piche. Charles River Laboratories, Senneville, QC, Canada.
The T-cell-dependent antibody response (TDAR) has traditionally
been used to evaluate immunosuppression and has previously been
characterized in Cynomolgus monkeys immunized with immunogens
including keyhole limpet hemocyanin (KLH) or Tetanus toxoid (TT).
Although several studies have been conducted assessing effects of
immunomodulators on TDAR in monkeys, the study described herein is
a multi-faceted evaluation addressing several objectives. Compilation of
data from this study with historical data facilitates immunogen dosing
strategies. Current validation study objectives included evaluating
primary and secondary responses in naive monkeys immunized with
KLH and TT; determining sensitivity of immune responses to a known
immunosuppressant (Cyclosporin A [CsA]); and to evaluate enhancement of immune responses (TDAR and ex vivo recall response) in the
presence of an immune enhancing immuno-oncology (IO) monoclonal
antibody (IO mAb X). On the current validation study, there were 6
groups total with 4 monkeys per group. Group 1 received only 10 mg
KLH; Group 2 was immunized with 10 mg KLH and treated with CsA (37.5
mg/kg/dose); Group 3 was immunized with 0.5 mL of Super Tet® with
Havlogen® (TT), Group 4 was immunized with TT (0.5 mL) and treated
with CsA; Group 5 was immunized with 1 mg KLH and TT (0.5mL); and
Group 6 was immunized with 1 mg KLH and TT (0.5mL) and treated with
IO mAb X (10 mg/kg every 2 weeks). Immunogens were administered
twice, 21 days apart for all groups. Blood was collected and either processed to serum for antibody analysis or prepared for ELIspot assessment at several time points. KLH and TT-specific immune responses
were elicited in all monkeys. As expected, the immune responses, were
suppressed in CsA treated monkeys and enhanced with IO mAb X. Thus,
both KLH and TT are appropriate antigens to assess immune function
in monkeys, and the collective data support that the expected immunomodulatory action of the test article should be considered in the
immunization strategy when assessing immune responses on nonclinical studies.

1985 Utilizing Human Peripheral Blood Mononuclear
232

Cells to Evaluate the Potential for an Anti-GITR
Monoclonal Antibody to Induce Lymphocyte
Activation and Cytokine Release in Humans
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J. Wheeler, D. Szatkowski, T. Bunch, H. Haggerty, and W.
Freebern. Bristol-Myers Squibb, New Brunswick, NJ.
As part of pre-clinical safety investigations for an agonistic anti-human
glucocorticoid-induced tumor necrosis factor receptor family-related
protein monoclonal antibody (anti-GITR mAb), the potential of the mAb
to activate lymphocytes and induce cytokine release was assessed in
vitro using human peripheral blood mononuclear cells (PBMCs). These
assessments have primarily been used to predict the risk of therapeutic
antibodies inducing adverse cytokine-storm like reactions in human
clinical trials. PBMCs were isolated from whole blood of 10 healthy,
human donors and incubated with anti-GITR mAb dry-coated onto
tissue culture wells from 0.01 to 10 µg/well for 18 and 66 hours. As a
positive control, PBMCs were also incubated with a super-agonistic
anti-CD28 mAb, known to strongly induce lymphocyte activation and
cytokine release following incubation with human PBMCs. An anti-diptheria toxin antibody of the same isotype as anti-GITR mAb was used as
a negative control (anti-DT IgG). Activation of lymphocytes was determined using flow cytometric evaluation of the activation markers CD69
and CD25 on T cells (CD3+), B cells (CD20+) and NK cells (CD3-CD56+). A
bead-based multiplex assay was used to evaluate the concentration of
the following cytokines in supernatant isolated from cultured PBMCS:
interleukin (IL)-1β, IL-2, IL-5, IL-6, IL-8, IL-10, IL-12(p70), IL-17, interferon
(IFN)-γ and tumor necrosis (TNF)-α. Compared to the negative control
antibody, anti-DT IgG, incubation of human PBMCs with anti-GITR mAb
did not induce cytokine release. Furthermore, PBMCs incubated with
anti-GITR mAb did not elevate expression of CD25 or CD69 on T cells or
B cells, compared to anti-DT IgG. However, by 66 hours, the expression
of both CD69 and CD25 was increased on NK cells following incubation
with anti-GITR mAb ≥ 0.3 µg/well. Given that GITR is expressed on NK
cells, as well as activated T cells and regulatory T cells, this increase in
activation was not considered adverse, but rather a biological effect of
GITR agonism. Collectively, the results from this in vitro assay indicate
a low potential for anti-GITR mAb to induce lymphocyte activation or
cytokine release in a super-agonistic manner in humans.

1987 Humanized Monoclonal Antibody-Mediated
Inhibition of NK Cell Detection by Flow
Cytometry in Cynomolgus Monkeys

R. Tadagavadi1, J. Setser1, M. Garcia1, J. England1, J. Hyde1, E. van
der Horst2, V. Peachee1, and N. Makori1. 1Charles River Ashland,
Ashland, OH; and 2Igenica Biotherapeutics Inc., Burlingame, CA.
Natural killer cells (NK cells) are cytotoxic lymphocytes of the innate
immune system that control pathogens and cancer. In this study, we
examined immunotoxicity of a humanized antibody intended for use
as a novel immune checkpoint inhibitor in cancer immunotherapy, and
then developed an ex vivo assay to characterize decreases in blood NK
cell counts observed to therapeutic antibody in cynomolgus monkeys.
Male and female cynomolgus monkeys were given a single intravenous dose (day 0) of 1, 10 or 100 mg/kg of therapeutic antibody. Blood
samples collected at pre-dose, and day 1, 3, 7 and 14 were analyzed
for differential leukocytes by flow cytometry. Administration of therapeutic antibody to animals resulted in a marked decrease of blood NK
cells (CD3-CD16+) at mid and high dose groups. Depletion was evident
from day 1 through day 7 in antibody treated animals. These NK cells
were positive for Fc receptor CD16, a commonly used marker for NK cells
in primates and humans. Saturation of CD16 receptors on NK cells by
the Fc region of therapeutic antibody can inhibit binding of anti-CD16
fluorescent antibody used in flow cytometry. Therefore, in preclinical
and clinical studies of antibody based therapeutics, absence of NK cells
in immunophenotyping may result from either immunotoxic depletion
of NK cells or inhibition of anti-CD16 antibody binding to NK cells. To
address this question, blood samples from cynomolgus monkeys were
incubated with the therapeutic antibody in vitro at serum Cmax concentrations, where decreases in NK cells were noted in preclinical study.
These samples were then stained for NK cells either using the antiCD16 fluorescent antibody (clone 3G8) or an alternative NK cell marker
CD159a (clone Z199). Pre-incubation with the therapeutic antibody
resulted in a decrease in CD16+ NK cells (CD3-CD16+) but not CD159a+
NK cells (CD3-CD159a+) or any other leukocyte subsets. These observations suggest a therapeutic antibody-mediated inhibition of CD16
antibody binding to NK cells, but not an immunotoxic depletion of NK
cells. Taken together, inhibition of NK cell detection by CD16 antibody
may be the result of steric hindrance caused by Fc region of therapeutic
antibody by binding to Fc receptors on NK cells.

1988 Stepping into the Pig Pen: Developing Porcine
T Cell Activation Assays from Optimization
of Pbmc Preps to Flow Cytometry-Based
Immunostaining Methods

C. T. Newsome, H. Haggerty, and W. Freebern. Bristol-Myers
Squibb, New Brunswick, NJ.
Concurrent with the growing interest in use of porcine as a non-rodent model in pharmacology and toxicology studies, the capabilities
of assessing the swine immune system is increasing. In order to assess
immune parameters during the course of a nonclinical study, evaluation in peripheral blood is optimal. As with any assay, the quality of the
test sample is the first important concern. Thus, the effects of different
PBMC preparation procedures on the viability, phenotype, and function of these cells were examined. Methods of mitogen stimulation and
subsequent ability to identify and characterize activated swine T-cells
were investigated. In brief, PBMCs were isolated from Yorkshire Swine
utilizing several lymphocyte separation mediums, PBMCs were counted,
and viability was assessed by trypan blue exclusion. PBMCs were aliquoted and frozen at ≤ 70ºC in various mediums including Recovery Cell
Culture Freezing Medium (Invitrogen Life Technologies); Cell Freezing
Medium-Glycerol (Sigma-Aldrich); Cell Freezing Medium-DMSO (SigmaAldrich); and 10 % of 12.5% human serum albumin (HSA) + 10 % DMSO
+ 80 % RPMI-1640. After thawing, PBMCs were stimulated with various
mitogens (e.g. PMA and ionomycin, anti-CD3 and anti-CD28 antibodies,
or interleukin 2) under several treatment conditions and incubated with
live/dead stain and T-cell specific antibodies (anti-CD3, -CD4, and- CD8)
as well as activation markers (anti-CD69 and -CD25) and antibodies to
detect intracellular cytokines (TNFα and IFNγ). Immunostained PBMCs
were then characterized by flow cytometry. There was considerable variability in PBMC isolation with different separation mediums. The greatest
number of PBMCs were isolated using Lympholyte®-Mammal medium.
There were no significant differences in cell viability or the percentages
of CD3, CD4, or CD8 cells among the PBMCs isolated using the different
freezing media. Importantly, the thawed cells could be activated by
mitogen stimulation as identified by TNFα, and IFNγ expression. Thus,
from PBMC isolation to cell characterization, the methods developed
described herein demonstrate a promising addition to assessments for
evaluating pig immune responses.

1990 Crack Cocaine Effect on the Immune Responses

of Rats Exposed to Its Smoke, Twice a Day, for 28
Days

I. M. Hueza1,2,, F. Ponce2, and P. F. Mendes2. 1Federal University
of São Paulo - UNIFESP, Diadema, Brazil; and 2University of São
Paulo, São Paulo, Brazil. Sponsor: W. Kevin.
Background: Crack cocaine has been used indiscriminately worldwide.
Although several immunotoxic effects in human and animals with
other forms of cocaine, there are no toxic reports of the pulmonary
exposure to crack smoke on the immune responses of rats. Thus, the
aim of this study was to evaluate the immunotoxic effects of crack in
rats exposed twice a day for 28 days. Methods: Twenty male rats were
equally divided into a control (Co) and a crack cocaine group (CR). CR
group was exposed during 10min twice a day to the smoke resulted
from the burning of 250mg of crack (cocaine blood level = 175ng/mL)
confined into an acrylic device developed in our lab for 28 consecutive days. Co group was only confined into the device for the same
time and period. Food consumption (FC) and body weight gain were
recorded every day, since it is known that cocaine promotes anorexic
effects. On experimental day 14 and 21, all animals were sensitized with
an antigenic protein (KLH) and 7 days later they were challenged with
the KLH on the hindpaw. 24 hours later, all animals were anesthetized
to blood collection for anti-KLG immunoglobulin titers (IgM and IgG)
and the evaluation of the delayed type hypersensitivity (DTH) reaction
developed on the hindpaw. Results: CR group revealed a reduction on
the FC when compared to Co group; however, this effect was transient,
revealing that repeated exposure to cocaine can cause a neuronal adaptation and a tolerance process to the anorexic effect. When humoral
immune response was assessed, no statistical differences were observed
on IgM- and IgG-anti-KLH titer among the groups. Moreover, crack exposure did not compromise the DTH development on rats. Conclusions:
Despite several reports of increased infectious diseases among crack
users, this study did not reveal any immunomodulator effect of the drug.
One possible explanation for this fact may be related to the frequency
of exposure that users do which can be up to 25 crack rocks per day.
Fapesp: proc n. 2012/24550-7

1991 Tetrahydrocannabinol (THC) Suppresses Type 1
Differentiation on a Single Cell Basis

P. Karmaus, and H. Chi. St. Jude Children’s Research Hospital,
Memphis, TN.
Atrazine (ATR) is a widely used herbicide that is of human health concern
due to its widespread use and contamination of US streams and groundwater samples. Much of the variation in the immune system is driven by
non-hereditary influences including exposure to xenobiotics. Previous
reports indicate that the xenobiotic ATR impairs T cell activation and proliferation. However, the effect of ATR on cell fate decisions at the single
cell level during proliferation and cell fate decisions during T helper (TH)
cell differentiation had not been investigated. Using sorted CD4+ naïve
T cells from six-eight week old female C57BL/6 mice, we evaluated the
putative effect of ATR (0.3, 3, and 30 μM) or vehicle (VH; 0.1% ethanol)
on T cell proliferation and on T cell differentiation to IL-17-producing
T helper cells (TH17) or induced T regulatory cells (iTreg). We directly
sorted single naïve CD4+ T cells into 96-well round bottom plates in the
presence or absence of ATR. In these single cell proliferation assays, a
high heterogeneity in T cell response magnitude to proliferation was
observed in VH samples. ATR reduced the number of highly proliferative
cells compared to VH controls, yet some naïve T cells were seemingly
resistant to this effect by ATR. Using FACS analysis of restimulated T cells
after culture, we were able to observe that TH17 and iTreg polarization
were diminished by ATR (30 μM) as evidenced by lower percentages of
IL-17+ and FoxP3+ T cells, respectively, at the single cell level. ATR treatment (0, 3, and 30 μM) did not increase 7-AAD staining compared to VH,
suggesting no effects on cell death. Overall, our results show that ATR
robustly inhibits proliferation and differentiation into TH17 as well as
iTreg. Future studies will focus on the contribution of naïve T cell heterogeneity to the ability of ATR to disrupt proliferation and differentiation.

Interferon-Mediated Activation of Healthy and
HIV-Infected T Cells

J. E. Henriquez, M. D. Rizzo, R. Crawford, and N. Kaminski.
Michigan State University, East Lansing, MI.
T cells are central to host adaptive immune responses and are the
primary target of HIV infection. Stimulation and maintenance of T cell
populations is tightly regulated by cell-cell interactions and cytokine
release. IFNα activates T cell response during viral infection and plays a
role in the peripheral maintenance of T cells. THC, the primary psychoactive constituent in marijuana, is an established immune-cell modulator
and mediates disease state exacerbation via suppression of T cell function and interferon secretion. Previously, we found that THC suppressed
secretion of IFNα by Plasmacytoid dendritic cells (pDC). The objective of
this study was to determine whether THC impairs IFNα stimulation of
T cells by quantifying IL-7 receptor (IL7R) expression and downstream
cognate signaling (STAT5) as indicators of T cell activation. IL7R expression and signaling were chosen because IL-7 is a key homeostatic cytokine for T cells. Naïve human T cells were purified (>98%) from PBMCs
by negative selection. T cells were stimulated using 100U/ml of recombinant human IFNα. Surface bound IL7R and levels of pSTAT5 were
quantified by flow cytometry. T cells treated with IFNα had enhanced
IL7R mRNA and surface IL7R expression of in both CD4+ and CD8+ T cells
which were suppressed by THC. CD8+ T cells from HIV+ donors demonstrated significantly higher expression of IL7R compared to healthy
donors in response to IFNα stimulation. IL-7-induced pSTAT5 levels were
decreased by THC in a concentration-dependent manner. Collectively,
these results further support THC as an immunosuppressant and, when
combined with our previous results, suggest suppression of T cell activation by IFNα in the presence of THC is mediated by both direct (directly
on T cells) and indirect (IFNα secretion by pDC) mechanisms.
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1989 Atrazine Inhibits Proliferation and T Helper Cell

1992 Endocannabinoids As Anti-Inflammatory Agents
in Acute Lung Injury: Role of microRNA

M. A. Sultan. University of South Carolina School of Medicine,
Columbia, SC.
Staphylococcus Enterotoxin B (SEB), produced by Staphylococcus aureus
causes a wide range of symptoms. It is a superantigen that activates up
to 30% T cells by crosslinking the T cell receptor (TCR) to nonpolymorphic region of MHC class II on antigen presenting cells (APC). The inhalation of SEB leads to toxic shock syndrome and death. SEB is a CDC select
agent of bioterrorism. In the current study, we used an intranasal dose
of SEB to induce acute lung jnjury (ALI) in C57BL/6 mice. Anandamide
(AEA), an endogenous cannabinoid, is part of endocannabinoid system
(ECs) and binds to CB1 and CB2 receptors. In our study, we found that
using AEA alleviated ALI in SEB-exposed mice. Lungs were excised
from naïve and SEB-treated mice administered with vehicle (SEB+Veh)
or AEA (SEB+AEA) for histopathological analysis. There was a significant decrease in the infiltration of inflammatory cells in the lungs from
SEB+AEA mice compared to SEB+Veh. Flow cytometric analysis demonstrated a decrease in CD4+, CD8+ and NKT cells as well as Vβ8+ T cells
whereas an increase in CD11b+Gr1+ myeloid-derived suppressor cells
(MDSC) and FoxP3+ T regulatory cells in SEB+AEA group when compared to SEB+Veh treated mice. We next examined whether miRNA
mediated the protective effects of AEA on SEB-induced ALI. Microarray
analysis of lung-infiltrating cells revealed 60 up- and 77 down-regulated miRNA in SEB+AEA mice relative to SEB+Veh. Using Ingenuity
Pathway Analysis (IPA), we identified target genes for miRNAs with >
1.5 fold change. We found that miR-34a-5p, miR23a and miR27a were
downregulated, which target the T regulatory cell transcription factor,
FOXP3, NOS1 and cytokines, TGF-β2 and IL-10 genes, respectively. Also,
miR-30c-5p, which targets anti-inflammatory genes, SOCS1 and SOCS3
were downregulated.The miRs and target genes were validated by
RT-PCR. Thus, we have identified miRNAs that play a role in protection
from SEB-induced ALI by AEA. (Supported by NIH grants P01AT003961,
R01AT006888, R01ES019313, R01MH094755 and P20GM103641)

1993 Δ9-Tetrahydrocannabinol (THC) Acts As an
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Inhibitor of Cell Expansion, Activation, and
Function of IFNα-Stimulated CD14+CD16+
Monocytes from Healthy and HIV-Infected
Donors

SOT 2017 Annual Meeting

M. D. Rizzo, J. Henriquez, R. B. Crawford, and N. E. Kaminski.
Michigan State University, East Lansing, MI.
The success of antiretroviral therapy (ART) in slowing progression of
HIV has turned HIV from an acute “death” sentence into a chronic, manageable infection. A current health issue that remains in the ART era is
HIV-associated neurocognitive disorders (HAND), which are detected
in upwards of 50% of HIV+ individuals. A major cause of HAND is lowlevel chronic neuroinflammation, which is, in part, caused by infiltration
of CD14+CD16+ monocytes (CD16+). CD16+ monocytes, which make up
5-15% of total blood monocytes in healthy individuals, is elevated up
to 40% in patients’ with HIV-associated dementia. A significant feature
of CD16+ monocytes is their ability to become infected with HIV in the
periphery and migrate across the BBB into the CNS, where they release
intact HIV virions, neurotoxic mediators and inflammatory cytokines,
resulting in HIV infection of CNS-derived cells and persistent neuroinflammation. Expansion of CNS-infiltrating CD16+ monocytes from classical (CD14+CD16-) monocytes in circulation is a key event in persistent
chronic neuroinflammation during HIV infection. The exact mechanism(s) by which classical monocytes expand to CD16+ monocytes
during HIV infection has yet to be elucidated. Herein, we demonstrate
that interferon alpha (IFNα) activation of peripheral blood mononuclear
cells (PBMCs) stimulates cell expansion, activation marker expression
(CD163) and IP-10 production by CD16+ monocytes in control and HIV
donors. Additionally, we demonstrate that THC, a constituent of medical
marijuana and widely used by HIV patients, suppresses IFNα-mediated
cell expansion and activation of CD14+CD16+ monocytes, suggesting
a potential protective role of THC in HIV-induced neuroinflammation.

1994 Environmental Contaminants and Immune
Function on the Cheyenne River

E. Erdei4, R. L. Rubin4, C. Miller4, M. O’Leary3, J. J. Ong4, B. Pacheco4,
D. MacKenzie4, C. Ducheneaux2, K. Foos4, P. N. Henderson1, J. L.
Lewis4, and J. A. Henderson1. 1Black Hills Center for American
Indian Health, Rapid City, SD; 2Cheyenne River Sioux Tribe, Eagle
Butte, SD; 3Missouri Breaks Industries Research Inc., Eagle Butte,
SD; and 4University of New Mexico, Albuquerque, NM.
We have been working for 8 years on establishing a participatory
research collaboration with Cheyenne River Sioux Tribal partners (MBIRI
and DENR) and communities to address immunotoxicity on Tribal land.
We are funded to investigate the relationships among fish consumption (FC), complex metal exposures (mercury and arsenic) from Tribal
water sources and immune responses. Fresh water fishing is an integral
part of Lakota life that supports subsistence and provides recreational
activities. Cigarette smoking may also contribute to mercury exposure.
We recruited 225 adults (53% males, 47% females; mean age: 42.9 years
(18-77 yrs) who fish from CRST waters. Smoking and land use activities
were assessed using questionnaires and by serum cotinine. Blood and
urine samples were also collected. Indirect immunofluorescence was
used for autoantibody (ANA) determination and multiplexing assays
were applied to determine serum cytokines and immunoglobulins. We
found that 52% of the participants were current smokers. 89% of participants had cotinine concentrations above non-smoker threshold (3 ng/
ml), suggesting significant second-hand smoke exposure. As expected
modeling ascertained that smoking exposure and FC were statistically
significant factors for increased cytokine production (GM-CSF, p= 0.015;
IL-2, p= 0.008; IL-8, p= 0.049). Immunoglobulin isotypes were differentially associated with exposure. IgG3 concentration was predicted by
fish consumption, while IgG2 was influenced by both cotinine and fish
consumption. ANA positivity showed various nuclear and cytoplasmic
patterns and had negative association with serum cotinine contrary to
prior research. Environmental toxicants have both pro- and anti-inflammatory effects on CRST; smoking is one of the key factors.

1994b Zn Deficiency Causes Inflammation via a Fall in
Anti-Inflammatory M2 Macrophages in the Rat
Spleen

T. Kido2, W. Yoshioka2, M. Tsunoda1, H. Hano2, and H. Yanagisawa2.
1Kitasato University School of Medicine, Kanagawa, Japan; and
2The Jikei University School of Medicine, Tokyo, Japan.
Zinc (Zn) is an essential trace element in human and animals. Nutritional
Zn deficiency (ZnD) conditions lead to the dysfunction of the immune
system such as inflammatory diseases. However, the mechanism
responsible for the inflammation reaction due to a ZnD has not been
elucidated. To get basic information of the mechanism, the spleen
samples from rats fed a ZnD diet (ZnDD) or a standard diet (SD) were
examined pathologically for M1 proinflammatory macrophages and M2
anti-inflammatory macrophages and evaluated for the mRNA expressions of proinflammatory cytokines and cytokines which induce a differentiation into M2 macrophages. Five-wk-old male SD rats were given 17
g/day of 0% ZnDD or 0.01% SD for 6 wks, after which, RNA was extracted
from activated splenic macrophages and lymphocytes. Real-time PCR
was performed to determine IL-1β, TNF-α, IL-6, MCP-1, MIP-1α, IL-4,
IL-13 mRNA expression. Immunohistochemical staining using anti-ED-1
(CD68: immature macrophages), ED-2 (CD163: M2 macrophages), ED-3
(CD169: M1 macrophages), and IL-4 and IL-13 antibodies was carried
out for the spleen; and the numbers of positive cells were examined
by imaging analysis. Increased inflammatory reactions were markedly observed in the spleen from the ZnD rats. The IL-1β and MIP-1α
mRNA expressions were significantly higher in the macrophages from
the ZnDD group compared with those from the SD group. TNF-α, IL-6,
MCP-1 mRNA expressions in the macrophages from the ZnDD group
were higher than in those from the SD group. IL-4 and IL-13 mRNA
expressions were significantly lower in the lymphocytes from the ZnDD
group compared with those from the SD group. The numbers of ED-2,
IL-4 and IL-13 positive lymphocytes in the spleen were lower in the
ZnDD group compared to the SD group. Both the increased inflammatory reaction and decreased IL-4 and IL-13, inducing differentiation into
M2 macrophages, were observed in the splenic lymphocytes from rats
fed a ZnDD. These results suggest that a decrease in M2 macrophages
due to a ZnDD induces inflammation.

of the Earthworm, Eudrilus eugeniae As
Biomarkers of Exposure to Monocyclic Aromatic
Hydrocarbons in Oil Impacted Areas of Ijegun,
Lagos, Nigeria

V. F. Doherty2, and A. A. Otitoloju1. 1University of Lagos, Lagos,
Nigeria; and 2Yaba College of Technology, Lagos, Nigeria.
This study was aimed at identifying histopathological alterations and
changes in antioxidants defence systems in Eudrilus eugeniae (earthworm) that can be used as good battery of biomarkers for early detection of pollution associated with hydrocarbon. In May 2008, an accidental damage of a Nigerian National Petroleum Corporation (NNPC)
pipeline occurred in Ijegun area resulting in oil spillage and consequent
contamination of the environment. Results of residual concentration
of the total hydrocarbon (THC) and benzene, toluene, ethylbenzene,
and xylene (BTEX) in the soil showed THC values as high as 402.52 mg/l
in the soil. Toxicity evaluations against Eudrilus eugeniae showed that
xylene (1.212 mg/kg) was the most toxic compound followed by toluene
(1.335mg/kg), ethylbenzene (1.366mg/kg) and benzene (1.896mg/kg).
The biomarker responses revealed an increase in malondialdehyde level
and inhibition of the activities of Superoxide dismutase (SOD), Catalase
(CAT), Glutathione (GSH) and Glutathione-S-Transferase (GST) in
Eudrilus eugeniae collected around the oil impacted area of Ijegun. The
results from the laboratory studies were confirmed in the field studies.
Significant histopathological alterations were observed in all animals
from the impacted sites. The pathological findings include cellular and
epidermal degeneration, presence of pigment and inclusion bodies.
Enlargement of ectoderm cells and expansion of spaces between longitudinal muscles were also observed. The results reflect the biological
effects of hydrocarbon pollution around Ijegun and therefore confirming the relevance of histopathological alterations and antioxidant
enzymes as good battery of biomarkers for early detection of hydrocarbon pollution during environmental monitoring programs in Nigeria.

1996 Polybrominated Diphenyl Ethers Level in

Umbilical Cord Blood and Association with
Growth Development of Neonates and
Neurodevelopment of One-Year-Old Infants

W. Miao, C. Wu, X. Chang, and Z. Zhou. Fudan University,
Shanghai, China.
A modified method with a rapid solid phase extraction procedure for
the simultaneous determination of 9 polybrominated diphenylethers
(PBDEs) in serum was established using gas chromatography-negative
chemical ionization mass spectrometry. Purification and lipid removal
were carried out directly on the solid phase extraction column using
water, concentrated sulfuric acid and 10% aqueous methanol, followed
by elution with dichloromethane. The quantification was performed
using internal standards and expressed as ng/g lipid weight. PBDEs were
found in all 1028 umbilical cord blood samples with non-normal distribution. Geometric means of each PBDE varied from 0.099 ng/g (BDE99) to 16.979 ng/g (BDE-209) and detection rates of each PBDE varied
from 47.57% (BDE-183) to 97.28% (BDE-207). It noted the PBDEs level
was affected by maternal social, living and pregnancy condition. The
average birth weight, length and head circumference of 977 newborns
were 3.49±0.43kg, 51.27± 2.30cm and 34.62±1.47cm, respectively. There
were no significant effects of other PBDEs, except a positive association
between neonatal length with BDE-28, BDE-47 and BDE-153. Multiple
linear regression showed BDE-47, BDE-154 and BDE-207 affected
neonatal birth length after adjustments by maternal age, gestational
weeks, pre-pregnancy BMI, parity and sex of newborns. Binary logistic
regression showed BDE-154 had significant effect on birth outcome.
308 one-year-old babies were followed-up. The DST scale test showed
the average scores of exercise zone, social adaptation zone and intelligence zone were 13.27 ±1.35, 13.74± 0.92 and 25.77±1.65, respectively.
The developmental quotient and intelligence index were 87.03± 12.19
and 85.06±11.98. The correlation analysis showed only BDE-207 was
negatively correlated with intelligence zone score and development
quotient. Multiple linear regression showed BDE-207 affected developmental quotient of infants after adjustments by gender, colostrums
administration, delivery mode, parent’s education level, maternal age,
gestational weeks, pre-pregnancy BMI, parity and family income. Binary
logistic regression showed PBDEs didn’t affect developmental quotient.
These resulted indicated the study population was generally exposed
to PBDEs and the adverse effects of prenatal exposure to PBDEs on neonatal and infant growth development was complicated.

1997 Sensitivity of Plasma Citrulline in Less Severe
Intestinal Toxicity in Rats

W. Saito, S. Takada, J. Hirao, M. Shirai, T. Nishiya, and K. Mori.
Daiichi Sankyo Co., Ltd., Tokyo, Japan.
Severe intestinal toxicity induced by anti-cancer drugs, radiation, or
surgical resection of small intestine in humans is accompanied with
decreased plasma citrulline, suggesting that plasma citrulline is a potential biomarker for severe intestinal toxicity in non-clinical and clinical
settings. However, the usefulness of this biomarker for slight intestinal
toxicity has not been investigated. The present study was conducted
to clarify the relationship between slight intestinal injury and plasma
citrulline in the rat indomethacin (INDM) or irinotecan (IRN) induced-intestinal injury models. Male Sprague-Dawley rats were treated with a
single oral dose of INDM (0, 3, 10 or 30 mg/kg) or with 4-day repeated
intravenous doses of IRN (0, 30 or 60 mg/kg). Clinical observations, body
weight, food consumption, and histopathology of the intestine were
examined, and plasma amino acids including citrulline were analyzed
quantitatively by liquid chromatography mass spectrometry. As a result,
INDM at >10 mg/kg or IRN at >30 mg/kg induced intestinal injury, which
was characterized by slight sporadic erosion or slight single cell necrosis
of mucosal epithelium in the small intestine. The histopathological
findings were correlated with decreased plasma citrulline. Additionally,
decreased body weight gain and food consumption were also noted,
suggesting that decreased food consumption was involved in decreased
plasma citrulline. To investigate the involvement of food consumption
in alteration of plasma citrulline, ad libitum fed rats were treated with a
single oral dose of INDM (0, 4, 10 or 40 mg/kg) and were fasted 18 hours
before necropsy. Consequently, plasma citrulline level was significantly
lower even in the vehicle control group under the fasting condition
compared to that under the ad libitum feeding condition. INDM induced
sporadic ulcer in the small intestine at >10 mg/kg under the fasting condition, but there was no clear relationships between intestinal toxicity
and plasma citrulline. The present results suggest that plasma citrulline
level could reflect intestinal injury, but careful interpretation of plasma
citrulline level as a biomarker is necessary especially for slight intestinal
injury with decreased food consumption.

1998 Variation in Inflammation and Muscle Biomarker
Concentrations Associated with Site of Blood
Collection in Sprague-Dawley Rats

Hamlin2,

Hughes2,

Paulman1,

Schultze2.

D. M.
V.
A.
and A. E.
1Covance Labs, Greenfield, IN; and 2Eli Lilly and Company,
Indianapolis, IN.

Blood-based biomarkers are being used in preclinical drug development
to improve safety and reduce late stage attrition of drug candidates.
Knowledge of how preanalytical variables affect biomarker results may
influence study design and data interpretation. A simulated toxicology
study evaluated changes in inflammation- and muscle-injury serum biomarker concentrations in Sprague-Dawley rats during gavage treatment
and repeated blood sample collections from typical phlebotomy sites
(abdominal aorta (AA), jugular vein (JV), orbital plexus (OP), tail vein (TV).
In addition to clinical chemistry and hematology parameters, inflammation was assessed using lipocalin-2 (LCN2), tissue inhibitor of metalloproteinase-1 (TIMP-1), monocyte chemotactic protein-1 (MCP-1) and
thrombospondin-1 (THBS). Muscle injury biomarkers included myosin
light chain 3 (MYL3) and fatty acid binding protein 3 (FABP3). Results
for clinical chemistry, hematology and biomarkers were not statistical
different for gavage vs non-gavaged rats. Erythroid mass, albumin and
total protein concentrations were significantly lower in rats bled from
JV, OP and TV as compared to AA route. The differences were attributed
to the repeated blood sampling by routes other than AA for biomarker
measurements. Lymphocyte counts were significantly lower in rats
bled from OP compared to those bled by the other routes; which was
attributed to stress response associated with blood collection. LCN2
appeared to be the most sensitive inflammation biomarker affected by
blood sample collection site (TV and OP) and frequency of sampling;
with LCN2 concentrations increasing with repeated collections. The
muscle injury biomarker FABP3 concentration was lowest with TV collection; a blood collection procedure that is the least physically manipulative; while AA collection induced high levels of FABP3; a blood collection
procedure that is invasive and physically impactful. Overall, the anatomical site and frequency of blood sample collection affected baseline
and repeat sample biomarker concentrations, especially for LCN2 and
FABP3.
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1995 Histopathological and Biochemical Alterations

1999 GLDH Outperforms ALT As a Biomarker of

Hepatotoxicity in a Rat Model of Acetaminophen
Toxicity

R. J. Church2, S. Schomaker1, M. Mosedale2, J. Bock1, J. Aubrecht1,
and P. B. Watkins2. 1Pfizer Inc., Groton, CT; and 2University of North
Carolina Institute for Drug Safety Sciences, Research Triangle Park,
NC.
Serum/plasma glutamate dehydrogenase (GLDH) has been proposed as
a more liver-specific biomarker of hepatotoxicity compared to alanine
aminotransferase (ALT). Given that GLDH is a large protein contained
within the mitochondrial matrix it has been hypothesized that GLDH
can serve as a mechanistic biomarker of mitochondrial injury. To test
the hypothesis, male Sprague-Dawley rats were administered a single
oral dose of acetaminophen (APAP; 1400 mg/kg) or vehicle and plasma
was collected 24 hr post-dose for GLDH and ALT analysis. One plasma
aliquot was immediately frozen and a second aliquot was subjected
to an additional 10 min centrifugation at 16,000xg to remove intact
mitochondria prior to freezing. The severity of hepatocyte injury at 24
hr post-dose was determined by histological examination of the liver.
Compared to control animals, APAP-treated animals had significantly
elevated levels of both ALT (mean ± S.D. of 79.1 ± 20.2 vs. 683.7 ± 771.7;
p<0.01) and GLDH (mean ± S.D. of 7.9 ± 7.5 vs. 936.5 ± 863.6; p<0.001)
in plasma aliquots frozen without the high speed spin. When binned
by histology score, GLDH showed improved stepwise significance
(p<0.001 for histology scores of “0” vs. “2,” “3,” and “4,”) compared to
ALT (p<0.001 for scores of “0” vs. “2” and “4” only). ROC analysis revealed
that GLDH (AUC=1.0) outperformed ALT (AUC=0.92) in the detection of
APAP-induced liver injury. As expected, plasma levels of ALT, a cytosolic
enzyme, in APAP-treated rats were unaffected in aliquots with a high
speed spin that removed intact mitochondria (p>0.05). Similarly, the
concentration of GLDH in APAP-treated rats was not different between
plasma preparations (p>0.05). Our data support GLDH as more predictive than ALT for assessment of hepatocyte injury. Although additional
studies using agents with various mechanisms of liver toxicity need to
be done, our data provide foundation for evaluating the potential of
GLDH to assess mitochondrial injury.

2000 MicroRNA Biomarker Discovery Using In Vivo
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Inhalation Exposures to Sand and/or Burn Pit
Emissions

SOT 2017 Annual Meeting

J. Frey2, K. Henderson2, B. Wong3, and C. Mauzy1. 1Air Force
Research Laboratory, Wright-Patterson Air Force Base, OH; 2Henry
M. Jackson Foundation, Wright-Patterson Air Force Base, OH; and
3Naval Medical Research Unit Dayton, Wright-Patterson Air Force
Base, OH.
In 2011, the Department of Veterans Affairs commissioned the Institute
of Medicine (IOM) to study the human health risks from particulate
matter exposure in Iraq and Afghanistan, with a focus on exposures
from burn pits. The IOM report concluded that there was evidence suggestive of an association between exposure to combustion products
and reduced pulmonary function, and suggested that personal biomonitoring via biomarkers may aid in evaluating exposures. We hypothesize
that upon exposures to burn pit emissions, sand, or a combination of the
two, specific miRNA expression signatures occur in lung tissue, and that
these specific expression patterns are reflected in blood. Male Sprague
Dawley rats were exposed to clean air (control), Afghan sand dust (PM2.5),
burn pit emissions (BME), or a combination of PM2.5/BME administered in
whole body inhalation chambers. Total RNA was isolated post-exposure
(4-days and 90-days) from lung and blood. miRNA changes were identified using Affymetrix GeneChip 3.0 miRNA arrays, with the resultant data
analyzed using Expression Console and Transcriptome Analysis software
(Affymetrix). Specific miRNA species were examined using RT-qPCR and
quantitated using the comparative ΔΔCT method. In both BME and
Sand + BME exposures two exposure-specific miRNAs were significantly
decreased in lung tissue expression content that were also altered in
blood samples taken 4-day post exposure. However, these expression
changes were not found at 90 days post-exposure. In the sand exposure,
no differentially expressed miRNAs were detected 4-days post exposure
that were reflected in both lung and blood. However, one significantly
decreased miRNA was identified in lung that was also reflected in blood
at 90-day post-exposure. To further explore the biological significance
of these molecular changes, pathway analysis was conducted using the
Ingenuity Pathway Analysis software (Qiagen) and multiple pathways
were determined to be affected. These data have identified potential
biomarkers to airborne inhalation hazards, as well as specific species
indicative of emissions exposure type. The results of this study are providing novel insight into the molecular mechanism of burn pit/sand
inhalation toxicity.

2001 Development of a Targeted Mass Spectrometry
Protein Assay to Identify Early Stages of
Pulmonary Response to Carbon Nanotube
Exposure in a 3D Lung Model

G. M. Hilton2, H. Barosova1, J. Bonner2, B. Rothen-Rutishauser1,
and M. Bereman2. 1Adolphe Merkle Institute, Université de Fribourg,
Fribourg, Switzerland; and 2North Carolina State University,
Raleigh, NC.
Introduction: Targeted mass spectrometry (MS) based proteomics is
being increasingly investigated for its notable applications in rigorous
assay development. One of the greatest advantages of proteomics is its
ability to provide specific, reproducible, and quantitative measurements
for most proteins of interest. MS technologies are rapidly developing
towards sensitive detection ranges that are competitive with traditional
antibody immunoassays, and thus have been implicated in clinical
studies for the replacement of immunoassays. This study aims to use the
guidelines created in the clinical community to generate a robust targeted MS assay to be used for toxicity screening of various nanomaterials. Method: 3D lung model assembled of human-originating cell lines
was exposed to Multi-walled carbon nanotubes (MWCNTs) under submerged conditions at both a 24hr and 96hr time-points. Cells and media
were collected for each exposure. Both global and targeted methods
were used to assess proteome changes for each sample. An internal
standard spike-in was used to normalize all proteomic results. Results:
An average of 2795 proteins were found in cell lysate, and 755 proteins found in serum-free media using a global MS method. Significant
changes were found in the exposure group at both 24hr and 96hr in
pathways related to lung injury. Media samples were additionally tested
in a targeted MS method to monitor 25 proteins of interest related to
inflammatory and fibrotic response; including: TGF-β, IL-1β, IL-6, and
several collagen proteins. Differential secreted protein expression was
found to be increased in the exposure group compared to control, and
increased in 96hr compared to 24hr. Conclusion: The 3D lung model
exposed to MWCNTs proved to be a successful model for the assessment of cellular mechanistic response to pulmonary injury; as well as
toxicity testing for assay development. Further testing is currently being
conducted using an air-liquid interface exposure. Additional experimentation will be used to find proteins that meet criteria set by the
clinical MS community to be used as a robust targeted toxicity testing
assay. Funding: Supported by NIEHS grants T32 ES007046 and the Peta
International Science Consortium.

2002 Evaluation of microRNAs in Blood for Detecting
ENU-Induced Carcinogenesis

H. Du, J. Yan, and T. Chen. US FDA/NCTR, Jefferson, AR.
Response of microRNAs to N-ethyl-N-nitrosourea exposure in mouse
blood. It has been revealed that miRNAs are stable in blood. Circulating
miRNAs may provide a non-invasive way for detecting chemical toxicity
and carcinogenicity. In this study, we evaluated whether miRNA expression in mouse blood can predict toxicity and carcinogenicity of N-ethylN-nitrosourea (ENU), a genotoxic carcinogen. ENU was administered to
male B6C3F1 mice with a single dose of 140 mg/kg via intraperitoneal
injection. Blood was collected on post-treatment days (PTD) 1, 2, 3, 7,
14, 28 and 42 and total RNA was isolated from the blood samples for
analyzing miRNA expression. Total RNA samples from the treatment
and control groups on PTD 7 were evaluated with microarray for miRNA
expression profiling. About 357 out of 1,263 miRNAs evaluated were
expressed in at least one of the samples. Eighteen of the expressed
miRNAs were identified as differentially expressed miRNAs (DEMs) due
to the treatment. Functional analysis reveals that these DEMs are associated with mutagenesis and tumorigenesis, such as cancer formation and
hereditary disorder. RT-PCR analysis was used for the time-course study
on several DEMs. The expression levels of these miRNAs changed with
time after the treatment. For example, miR-34a, a tumor suppressor, that
was the highest induced miRNA increased in blood from PTD 1 to PTD 7,
and then decreased to control levels at PTD 42. Our results demonstrate
that ENU treatment can induce expression alteration of miRNAs that are
related to ENU’s toxicity and carcinogenicity, suggesting that blood can
be used as a surrogate tissue for assessing toxicity and carcinogenicity
of chemicals.

Identification of Region-Specific Drug-Induced
Kidney Injury through the Deployment of
Potential Mechanism-Based Biomarkers

V. Gryshkova, M. Cotter, P. De Ron, J. Sherington, and A. Nogueira
da Costa. UCB Biopharma SPRL, Braine L’Alleud, Belgium. Sponsor:
J.-P. Valentin.
Drug-induced kidney injury (DIKI) is a common complication of several
medications and diagnostic agents. Early detection of DIKI is vital for risk
assessment and management of nephrotoxicity in the preclinical and
clinical settings. The combination of functional injuries and site specific
biomarkers has a potential to enhance preclinical lesion prediction and
clinical diagnostic precision as well as to develop new in vitro models to
predict liabilities. Therefore, identification and validation of novel mechanistic biomarkers for DIKI are of extreme value. MicroRNAs (miRs) have
been shown to be involved in various pathologies however DIKI related
reports are scarce. This work aims at identifying region-specific DIKI
miRs in a rat model. A 28-day toxicity study was conducted in Wistar rats
by administering region-specific nephrotoxicants: cisplatin (2.5mg/kg,
single, i.p), puromycin (20mg/kg, daily, i.p) and N-phenylanthranylic acid
(NPAA, 500mg/kg, daily, p.o). The kidneys were collected on days 7, 14,
21, 28 post-compound administration and used for histopathological
analysis and total RNA extraction. Histopathology findings confirmed
the presence of the injuries specific to each administered compound.
Targeted miR profiling was performed based on a kidney specific panel
of 68 miRs. Several miRs were found to be region-specific and included:
mir-221-3p for tubular injury; mir-182-5p, mir-203a-3p, mir-210-3p, mir148a-3p, mir-378a-5p for glomerulus injury; and mir-217-5p, mir-296-5p,
mir-335 for collection duct injury. A panel of miRs were also found dysregulated in more than one treatment and these include mir-34c-5p,
mir-122-5p, mir-125a-5p, mir-132-3p, mir-155-5p, mir-223-3p and mir505-3p. In situ hybridization is currently ongoing to confirm the expression and distribution of the selected miRs in the kidney. Our findings
suggest the identification of a panel of miR biomarkers associated with
a region-specific sub-acute DIKI. These findings will be further investigated in in vitro models which will allow us to potentially establish novel
tools for nephrotoxicity hazard identification and risk assessment.

2004 Cocaine Produces ST and QT Interval Shortening,
QTc Prolongation, and ST Segment Elevation in
Freely Moving Male Cynomolgus Monkeys

N. Chand. NIH, Bethesda, MD. Sponsor: P. Terse.
Cocaine is an alkaloid, which is extracted from the leaves of the coca
plant. It is widely used recreational drug. Cocaine has been reported
to produce hypertension, tachycardia, ischemia, myocardial infarction,
and ventricular arrhythmias operating via many interrelated pathophysiological mechanisms. The objective of this study was to evaluate
cardiovascular effects of intravenously administered cocaine in five
freely moving male Cynomolgus monkeys equipped with DSI telemetry to examine cardiac abnormalities that could be expected in future
studies. Cocaine iv challenge (0.3, 0.56, 1.7 and 3 mg/kg, infused over
30 seconds followed by five minutes saline infusion) was found to
increase systolic blood pressure, heart rate and rate-pressure product
as well as decrease RR intervals and produce ST segment elevation in
an “apparently” dose-related fashion. Cocaine iv challenge (1.7 and 3
mg/kg) also increased PR interval. The peak effects occur within 5 min
of cocaine challenge with a slow recovery to baseline over a period of
60-120 minutes. The main ECG changes associated with peak hemodynamic effects following cocaine (3 mg/kg iv) challenge included: i.
Prolongation of PR interval (indicative of Ikr and calcium channel block)
and QRS duration (indicative of peak INa block) and delay in atrio-ventricular conduction; ii. A marked QT (3/5 monkeys) and ST Interval shortening (may be due to sympathetic drive to heart causing activation of
Iks) and iii. Prolongation of QTc (3/5 monkeys) which may be resulting
from cardiac Ikr blockade. In conclusion, cocaine IV challenge was found
to increase rate-pressure product (a biomarker of oxygen consumption
and cardiac workload) and ST segment elevation (a biomarker of potential myocardial infarction) in freely moving Cynomolgus monkeys. The
cocaine-induced hemodynamic and ECG changes demonstrate a state
of cardiac stress which may be indicative of proarrhythmia risk.

2005 Neural Autoantibodies in Veterans with Gulf War
Illness

M. B. Abou-Donia3, K. Sullivan1, L. Conboy4, C. R. Bass2, and E.
Kokkotou4. 1Boston University, Boston, MA; 2Duke University,
Durham, NC; 3Duke University Medical Center, Durham, NC; and
4Harvard Medical School, Boston, MA.
A number of studies have linked exposures of chemical and biological
toxins to increased risk of auto-immunity and elevated levels of antibodies to neural antigens. Elevated neural autoantibodies may be
associated to and/or a marker for nervous system neurodegeneration
that is characteristic of many diseases such as multiple sclerosis and
Parkinson’s disease. This current study measured levels of 8 types of
neural autoantibodies in a group of 20 Gulf War patients with Gulf War
Illness (GWI). The patients were exposed to a variety of toxics including
insecticides, insect repellant, pyridostigmine bromide, a prophylaxis for
nerve agents and the nerve agent sarin. Increased levels were observed
for the astrocyte activation GFAP marker, is known to maintain the
mechanical strength of astrocytes and ependymal cells. In addition, elevated levels of antibodies observed in axonal transport markers - MAP,
Tau, tubulin and NFP strongly corroborates with the GWIC hypotheses
that neuroinflammation in GWI potentially results in white matter and
axonal transport damage and warrants further investigation in a larger
number of samples. These results suggets that increased mitochondrial
oxidative stress releases these proteins into the cytosol and leaks out of
the plasma membrane, resulting in intercellular debris. Prolonged presence of this debris in the localized region is processed overtime by the
infiltrating immune cells. During the process of clearance, it is possible
that the immune cells recognize the self-proteins as foreign antigen and
presents it to the T dependent/independent B cells in the context of
MHC class I or II alleles (highly polymorphic), which distinguishes self
from non-self and may fail to recognize these proteins as self, reacting to
form autoantibodies. Autoantibodies directed against self-antigens can
also cause local activation of complement. B cells play a key role in autoimmunity, B cell lineage may contribute to the development either as
antigen presenting cells or cytokine secreting cells or autoantibody producing cells. Immunotherapies that deplete B cells may be an effective
strategy to combat autoantibodies. (Supported in part by DOD Contract#
W81XWH-15-1-0641)

2006 Evaluation of Tissular microRNAs and Target

Genes As Novel Mechanistic Biomarkers of DrugInduced Cardiac Injury in a Rat Model

V. Gryshkova1, P. McGhan2, P. de Ron1, J.-P. Valentin1, and A. N. da
Costa1. 1UCB BioPharma, Braine L’Alleud, Belgium; and 2University
of Leeds, Leeds, United Kingdom.
Cardiovascular toxicity accounts for approximately a third of safety
related drug attrition over the past 10 years. By combining hERG and
in vivo QTc data 90% predictivity could be achieved to minimize ECG
related cardiotoxicity. However, the mechanisms that underlie structural
cardiotoxicity are poorly understood and novel mechanistic biomarkers
are required to establish in vitro systems to detect potential liabilities.
MicroRNAs (miRs) have been identified to be involved in a range of
diseases, including cardiovascular pathologies, and have shown their
potential to be reliable biomarkers. The data remain scarce on miR dysregulation in drug induced cardiac injury (DICI). The aim of this study
was to identify miRs involved in the development of DICI and investigate their genomic targets in a rat model. Wistar rats were randomly
grouped (n= 18/group) and dosed once with either isoproterenol (ISO)
(1.5 mg/kg, i.p), allylamine (AAM) (100 mg/kg, p.o.) or the respective
vehicles. Hearts were collected for histopathological examination and
total RNA extraction at 24h, 48h and 72h post drug administration.
Histopathological analysis and elevated level of troponins confirmed
cardiac injury for both treatments. The targeted miR analysis based on
a panel of 68 miRs associated with cardiac diseases revealed differentially expressed miRs after administration of ISO and AAM. miR-21-5p
appeared to be significantly upregulated in both treatments and was
previously shown to be involved in fibrosis and apoptosis in cardiac
injury. We have subsequently investigated the expression of the following miR-21-5p targets associated with different biological processes
in cardiac pathologies: PTEN, MMP2, PDCD4, STAT3, TIMP3, TGFBR2,
ICAM1, VEGFA, IGF1, JUN, SP-1, CDKNA1, Rela. Some genes, PTEN,
MMP2, ICAM1, TIMP3 and TGFBR2, showed similar patterns of expression for both treatments suggesting implication of similar molecular
mechanisms leading to apoptosis, fibrosis or inflammation. These genes
along with miR-21-5p could potentially be used as a molecular panel to
study cardiotoxicity in vitro and to develop a tool for hazard identification and risk assessment.
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2003 Tissular microRNA Dysregulation Supports

2007 Molecular Target Validation in Human

Atherosclerosis Based on Mass Spectrometry
Imaging and Immunohistochemistry Studies

G. Hamm3, S. Aldi4, J. Masure3, K. Holmstrøm2, S. Arda6, D. van
Keulen8,7,, I. Bobeldijk-Pastorova8, S. Linehan3, D. Tempel7, B. S.
Nielsen2, M. Gudo6, J. N. Lindeman5, U. Hedin4, A. J. van Gool8,
D. Bonnel3 , E. Hurt Camejo1, and J. Stauber3. 1AstraZeneca,
Mölndal, Sweden; 2Bioneer, Hørsholm, Denmark; 3ImaBiotech,
LOOS, France; 4Karolinska Institutet, Stockholm, Sweden; 5Leiden
University Medical Center, Leiden, Netherlands; 6Morphisto,
Frankfurt am Main, Germany; 7Quoris, Rotterdam, Netherlands;
and 8TNO, Zeist, Netherlands.
The elucidation of mechanisms underlying the formation of atherosclerotic plaques in the inner lining of the artery wall is the basis for identification of novel targets to treat cardiovascular disease. With CarTarDis ,
multiple molecular imaging modalities have been used to improve the
efficacy of the validation step. MSI was combined with immunohistochemistry to correlate cell subtypes, enzyme expression and molecular
biomarkers. We localized metabolites which provide insights into the
atherosclerotic process. Human carotid plaques were used as analytical
material. Snap frozen tissue was sectioned and thaw-mounted on ITO/
Superfrost glass slides. DHB and 9AA were respectively used as MALDI
matrices for + and - detection. 2matrix application methods were used:
the way with SunCollect sprayer device and the sublimation process
using a home-built apparatus. For immunohistochemistry, a probepolymer system containing alkaline phosphatase was applied to the
sections, with subsequent detection. Our data showed that mechanisms
related to lipid metabolism and inflammations are genetically and functionally linked to cardiovascular disease. The PPAP2B encodes for the
lipid phosphate phosphohydrolase 3 that hydrolyzes and inactivates lysophosphatidic acid and sphingosine-1-phosphate. CECR1 converts adenosine into inosine and regulates inflammation. As potential key nodes,
we’ve investigate the metabolites associated with PPAP2B and CECR1
by imaging. Our results showed that in atherosclerotic plaques LPA and
S1P were detected as well as phosphatidic acid, diacylglycerol and lysophosphatidylcholine-related ions. These results were combined with
PPAP2B immunostaining on adjacent tissue sections. A co-localization
of LPAs with this enzyme was observed in the fibrous cap of the human
carotid plaque. Moreover, cholesterol was targeted as marker of necrotic
core region of the plaque. A quantitative measurement was performed.
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2008 A Multi-Marker Strategy for Cardiac Toxicity in
Rats Evaluated by Different Laboratories

Kim3,

Chini3,

Fairchild3,

Engle1,

Reagan2,

K.
N.
D. G.
S. K.
W. J.
S. D.
Summers2, and J. C. Mirsalis3. 1Eli Lilly and Company, Indianapolis,
IN; 2Pfizer, Groton, CT; and 3SRI International, Menlo Park, CA.
Cardiac toxicity is a major cause of drug development failures and would
benefit from improved diagnostic and prognostic tools for detecting
early cardiac toxicity signals. An evaluation of commercially available kits
was conducted by three institutions (SRI, Eli Lilly and Pfizer) for a group of
cardiac injury biomarkers to assess their ability to discriminate between
myocardial injury and cardiac hypertrophy as well as the assessment of
variances in the inter-laboratory and inter-platform analyses. Sprague
Dawley rats were treated with minoxidil or isoproterenol and serum
concentrations of natriuretic peptides (NT-proANP, NT-proBNP), cardiac
and skeletal troponins (cTnI, cTnT, sTnI), myosin light chain 3 (Myl3) and
fatty acid binding protein 3 (FABP3) were measured on Days 2 and 8.
Minoxidil-treated animals showed increased heart-to-body weight
ratios and notable elevations in NT-proANP and NT-proBNP levels at 24
hr postdose without any abnormal histopathological findings or significant increases in troponins, Myl3 or FABP3 levels. Isoproterenol-treated
animals showed ventricular leukocyte infiltration, myocyte fibrosis and
necrosis along with increased levels of NT-proANP, NT-proBNP, cTnI,
cTnT and Myl3. These results support the use of multi-marker panels in
unraveling the underlying cause of cardiac insult and detecting myocardial tissue damage within a plausible time frame (i.e. ~24 hr post-treatment). The data analyzed from different laboratories and platforms
were also shown to be highly correlated and reproducible based on the
inter-laboratory and inter-platform comparisons, indicating these biomarkers are broadly applicable in preclinical drug development studies.
(Work was supported by NIAID Contract Nos. HHSN272200700043C and
HHSN272201400006)

2009 Effect of Age, Diet, and Rat Strain on Telomere
Length in Recovered Peripheral Blood
Mononuclear Cells (PBMCs)

M. Shoeb, V. Kodali, T. Meighan, R. Salmen, M. Kashon, P. C.
Zeidler-Erdely, A. Erdely, and J. M. Antonini. NIOSH, Morgantown,
WV.
The exposome measures all exposures of an individual in a lifetime and
relates those exposures to health. Successful ‘mapping’ of the exposome
could substantially improve the understanding of disease and potentially aid in the development of prevention strategies and cures. A tiered
exposure study is being conducted that has collected longitudinal biological samples during critical ages of an exposed animal. Lifestyle (e.g.,
diet) and relevant occupational and environmental exposures are linked
with specific internal biological endpoints. In animal models, external
lifetime exposures are controlled and potential adverse health outcomes of each animal are measured over its entire lifespan. Genetic contributions to the exposome are assessed using multiple animal strains.
In initial studies, three different strains [Sprague-Dawley (SD), Fischer
344 (F344), and Brown-Norway (BN)] of male rats were maintained on
a high fat Western (HF) or regular diet for 24 wk. Whole blood was collected at baseline, 4, 12, and 24 wk to assess blood chemistry and to
recover PBMCs for epigenetic analysis (e.g., telomere length ratio, DNA
methylation). Based on blood chemistry, all rats from each strain were
generally healthy over the 24-wk period. As expected, triglycerides and
rate of body weight gain increased at all time points in the HF diet group
compared to the regular diet group for each strain. Interestingly, telomere length ratio in PBMCs decreased in the HF diet group compared
to the regular diet group at 4, 12, and 24 wk compared to baseline for
the SD and F344 strains and at 12 and 24 wk for the BN strain. Telomere
length ratio decreased in PBMCs at 12 and 24 wk compared to baseline
in all strains, indicating an age-related effect on telomere shortening.
DNA methylation increased in the HF diet group at 4 wk for the F344
strain, at 12 wk for the SD strain, and at all time points for the BN strain.
These findings indicate that diet and age, important components of the
exposome, cause epigenetic changes in PBMCs recovered from different
strains of rats. The next tier of studies will combine occupational exposures with age, diet, and animal strain differences in further assessment
of the exposome.

2010 Separation of Different Populations of Platelet

Extracellular Vesicles Using Asymmetrical Flow
Field-Flow Fractionation

I. D. Tarandovskiy, S. H. De Paoli, O. K. Elhelu, and J. Simak. US FDA,
Silver Spring, MD.
Blood platelets (PLTs) play critical role in hemostasis and thrombosis but
also in inflammation or cancer metastasis. Many of the PLT functions are
facilitated by PLT extracellular vesicles (PEVs), released upon activation,
apoptosis-like processes, or by other means of membrane vesiculation.
PEVs may become valuable biomarkers for in vivo evaluation of biologics,
drugs, and devices, as well as for diagnostic use in vascular, hematologic
and some other diseases. Here, our goal was to isolate and characterize
different PEVs populations released from activated PLTs. PEVs have
been widely studied using conventional flow cytometry which does
not allow size resolution of PEVs < 200 nm. Very little is known about
the nanoscale PEVs. To obtain PEVs, washed PLTs from healthy donors
(n=7) were activated with 50 µM thrombin receptor activating peptide-6
(TRAP-6). Nanoparticle tracking analysis (NTA; Nanosight) and electron
microscopy (TEM, SEM) showed a broad size distribution of PEVs from 20
nm to 1 µm of hydrodynamic diameter (HD) with 90% of PEVs < 300 nm.
Size-based separation of PEVs was performed using Asymmetrical FlowField Flow Fractionation (AF4) (Wyatt Technology): 100 µl of PEV suspension was injected to AF4 channel (350 µm width; 275 mm length, 10 kDa
cut-off regenerated cellulose membrane); after 2 min of focusing (1 mL/
min) a direct flow of 1 ml/min and varying crossflow from 0.25 ml/min to
0.23 ml/min for 40 min were applied to the separation channel. Average
hydrodynamic diameter and charges (zeta potential, mV) of PEVs were
analyzed by Dynamic and Phase Analysis Light Scattering (DLS and
PALS) using Smoluchowski model in Mobius (Wyatt Technology). AF4
efficiently provided separation of 5 PEV populations: fraction 1, collected
from 2-4 min, PEVs had a mean HD of 25.5 ± 3.3 nm and zeta potential
of -13 ± 1.7 mV; fraction 2 (5-12 min), PEVs 124 ± 33 nm and -14.2 ± 1.6
mV; fraction 3 (13-20 min) PEVs 214 ± 43 nm and 15.1 ± 1.2 mV; fraction 4
(21-28 min) PEVs 306 ± 23 nm and -15.1 ± 1.2 mV; fraction 5 (29-36 min)
PEVs 369 ± 28 nm and -14 ± 1.2 mV. In conclusion, we have developed
the AF4 method for preparative separation of five different populations
of PEVs from vesiculome of activated platelets in a size range of 20 - 400
nm. Our results warrant further studies on immunophenotyping and
investigation of biological activities of the isolated PEV fractions. The
findings and conclusions in this study should not be construed to represent any Agency determination or policy.

Predictor of Susceptibility to Tyrosine Kinase
Inhibitors Organ-Specific Toxicities

A. M. Folcik1, and V. Vijay2. 1Florida Institute of Technology,
Melbourne, FL; and 2US FDA/NCTR, Jefferson, AR.
Protein tyrosine kinases (PTKs) perform vital roles in numerous cell regulatory functions. Because of this, deregulation or overexpression of
PTK’s can result in various malignancies and carcinogenesis. Tyrosine
kinase inhibitors (TKIs), which inhibit PTK function through competition
or allosteric interaction, have been developed as targeted cancer therapeutics. However, TKIs have been associated with various organ toxicities including toxic effects on the brain, liver, and heart, which could be
the result of TKI action on off-target genes. Therefore, the goal of this
study was to investigate correlations between basal gene expression
of different organs from adult rats and the toxicities seen in humans
taking TKIs. First, a list of all 26 US FDA approved TKIs was assembled
from the Drugs@FDA website. Then, each TKI’s adverse events and
gene interactions were collected from DailyMed and the Comparative
Toxicogenomics Database (CTD), respectively. Organ specific adverse
event terms were consolidated by affected organs for each TKI and a
list of target genes was also prepared. Using existing rat transcriptomics
data, differentially expressed genes (p < 0.05 and fold change > 2)
between multiple organs (such as the liver and the heart) were determined. Pathway analysis was performed using organ specific genes and
top pathways were then correlated to each TKI’s organ specific adverse
events. The gene interaction information previously collected from CTD
was used to predict that organ-specific differential genes (involved in
correlated pathways) might be responsible for organ-specific susceptibility to TKI toxicities. The accumulation of data resulted in 18 genes in
the liver and 14 genes in the heart that may be involved in hepato- and
cardio-toxicities via various mechanisms. For example in the heart, one
could infer that the TKI Dasatinib acts on the gene FHL1 by increasing
its expression leading to cardiac hypertrophy. The results from this
study may provide an understanding of molecular mechanisms that
might predispose one organ more than others to TKIs’ toxicity and help
develop safer drugs with fewer adverse effects.

2012 Withdrawn by Author

2013 Characterization of microRNA Expression in

Acinar, Islet, and Ductal Cells of the Canine
Pancreas Using Laser Capture Microdissection

L. M. Zadrozny2, B. A. Rosenzweig2, K. I. Shea2, S. Stewart2, L. Xu2,
R. Rouse2, K. Gabrielson2,1,, and K. L. Thompson2. 1Johns Hopkins
Medical Institutions, Baltimore, MD; and 2US FDA/CDER, Silver
Spring, MD.
microRNAs with enriched expression in the pancreas are showing
promise as serum biomarkers of pancreatic injury in laboratory animals
and in clinical studies. In a previous study, we observed time- and
dose-dependent elevations in 5 pancreas-enriched microRNAs (miR216a, miR-216b, miR-217, miR-375, and miR-148a) in the serum of dogs
treated with caerulein to induce reversible injury to the exocrine pancreas. In the current study, the cell type expression of these 5 microRNAs
was evaluated by droplet digital PCR (ddPCR) of RNA recovered from
formalin fixed paraffin embedded (FFPE) pancreas using laser capture
microdissection (LCM). Acinar cells, islets, and ductal cells were isolated using LCM from FFPE samples from 4 dogs at the end of a four
week recovery period following caerulein treatment. In agreement with
published results, we found that miR-375 was most highly expressed
in islet cells and that miR-216a, miR-216b, miR-217 were most abundant in acinar cells. However, none of the 5 microRNAs was exclusively
expressed in any one of the 3 cell types. miR-216a, miR-216b, and
miR-217 were also present at lower levels in islets and at very low or
absent levels in ductal cells. miR-375 and miR-148a were detected in
all 3 pancreatic cell types. The finding that the 5 microRNAs observed
to increase in serum with caerulein-induced pancreatic injury are all
expressed in acinar cells is consistent with the histopathology observations for the study, that found caerulein-induced injury confined to the
exocrine pancreas.

2014 Optimizing Blood Sampling for Measurement of
Cytokines Expressed by Platelets in Preclinical
Species

T. Bigwarfe, C. Quatrano, K. Desai, J. D. Smith, M. MacDougall, C.
Zheng, P. Sun, R. Fryer, J. Toth, and R. Strittmatter. Boehringer
Ingelheim Pharma. Inc., Ridgefield, CT. Sponsor: W. Ku.
Platelets contain multiple cytokines, including vascular endothelial
growth factor (VEGF), platelet-derived growth factor (PDGF) and angiopoietin-1 (Ang1), which are released upon platelet activation to promote
vessel repair and stability. During venipuncture for blood sample collection, platelet activation and subsequent release of these cytokines
results in elevated concentrations of these cytokines in blood samples.
The inherent variability of the extent of platelet activation by venipuncture and subsequent artefactual cytokine increases confound the use of
these cytokines as biomarkers, particularly in species used for pre-clinical toxicology studies. Here we describe the optimization of both bleed
technique and collection apparatus (catheter or Vacutainer) and anti-coagulant chemistry to minimize cytokine release in mouse and cynomolgus monkey blood collection using an Ang1 assay as an indicator of
cytokine release. Optimized methods were applied to the collection of
human blood and measurements of platelet activation and Ang1 were
performed. We show that blood collection from cynomolgus monkeys,
by either catheter or Vacutainer using citrate tubes supplemented
with theophylline, adenosine, and dipyridamole (CTAD) resulted in significantly lower plasma concentrations of Ang1 than citrate alone or
EDTA. Furthermore, collection of human blood into CTAD tubes was
shown to result in reduced platelet activation (surface p-selectin) and
reduced Ang1 compared to other plasma collection tubes. The method
described here enables the accurate and reproducible use of blood concentrations of cytokines expressed by platelets as biomarkers in preclinical and clinical studies.

2015 Validation of an Electrochemiluminescence (ECL)
Method for the Quantitation of Calcitonin in Rat
Serum

S. Cotton, P. Pitsikas, C. Ronacher, V. Klypa, P. Khatcherian, S.
Croteau, M. Djefel, and S. Lavallée. Charles River Laboratories,
Senneville, QC, Canada.
Introduction: Calcitonin is a hormone that is produced primarily by the
human parafollicular cells of the thyroid, and in many other animals
in the ultimopharyngeal body. It is involved in the reduction of blood
calcium (Ca2+), counteracting the effects of parathyroid hormone
(PTH). Calcitonin can be used as a marker for osteoporosis, obesity,
hypercalcaemia and Medullary thyroid cancer (MTC). The MSD® platform was used to develop a more sensitive assay compared to the
commercial kits available on the market. Therefore, the validation of an
Electrochemiluminescense (ECL) method for the quantitation of calcitonin is a useful tool to support non-clinical studies where the endogenous level of this biomarker will aid in study interpretation. Method:
A study was undertaken to validate an assay using the MSD® platform
for the quantitation of calcitonin in rat serum. Validation parameters,
including precision, accuracy, selectivity and parallelism of the method
were assessed. Stability of calcitonin in rat serum was also validated
under different conditions such as long term storage, freeze and thaw
cycles as well as storage at ambient room temperature and 4°C. Results:
Sera from obese rats were analyzed and detectable endogenous levels
were observed for calcitonin. In order to define the lower and upper
limit of quantitation of the assay, precision and accuracy assessments
of QC samples were conducted. The LLOQ and ULOQ (25.43 pg/mL and
2604.17 pg/mL, respectively) met acceptance criteria, thus showing a
wide dynamic range of standard curves. Parallelism assessments proved
successful between undiluted samples and samples diluted 8-fold.
The selectivity assessment demonstrated no interference effect of the
matrix when rat serum was spiked with a lot of rat serum having a high
endogenous level. Short-term stability of calcitonin in rat serum was
proven up to 7 hours and 3 minutes at ambient RT and in a refrigerator
set to maintain 4°C for up to 26 hours and 52 minutes. Study samples
can be subjected to a maximum of 4 FT cycles in freezers set to maintain -20°C and -80°C. Also, study samples are stable for at least 113 days
at both temperatures. Novel aspect: The validation data demonstrated
that this ECL method is suitable to measure calcitonin in rat serum. The
results show that the method is sensitive enough to detect even subtle
changes in these marker profiles and can be applied as a biomarker in
non-clinical studies.
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2016 Candidate Plasma Protein Markers to Predict

Doxorubicin-Induced Chronic Cardiotoxicity in
B6C3F1 Mice

V. G. Desai3, T. Lee1, C. L. Moland3, V. Vijay3, S. M. Lewis3, E. H.
Herman2, and J. C. Fuscoe3. 1Korea University, Sejong, Korea,
Republic of; 2NCI, Rockville, MD; and 3US FDA/NCTR, Jefferson, AR.
The therapeutic potential of an anticancer drug, doxorubicin (DOX), is
limited by a dose-dependent cumulative cardiotoxicity that may occur
several years after completion of therapy. Currently, there is a lack of
sensitive biomarkers that can predict the risk of cardiotoxicity induced
by DOX. To address this knowledge gap, plasma samples from DOXtreated male B6C3F1 mice were analyzed on the SomaLogic proteomics
discovery platform to measure 1,129 proteins simultaneously. Mice
received a weekly 3 mg/kg DOX dose or an equivalent volume of saline
(SAL) via tail vein for 2, 3, 4, 6, and 8 consecutive weeks, resulting in
cumulative DOX doses of 6, 9, 12, 18, and 24 mg/kg, respectively. Mice
were euthanized a week after each cumulative dose. In DOX-treated
mice, myocardial injury was indicated by the release of cardiac troponin T at 18 mg/kg and cardiac pathology at 24 mg/kg cumulative
dose. Plasma analysis of 1,129 proteins revealed 21 proteins with
a significant (FDR<0.1) 1.2-fold change in DOX-treated mice compared to SAL-treated counterparts during 8-week exposure. Of these
21 proteins, six (neurogenic locus notch homolog protein 1 (Notch1),
von Willebrand factor, mitochondrial glutamate carrier 2, Wnt inhibitory factor 1, legumain, and mannan-binding lectin serine protease 1)
showed significant increases in plasma levels after exposure to 6 mg/
kg cumulative DOX dose, prior to the occurrence of myocardial injury.
This suggests a potential of these six proteins as candidate early markers
of DOX cardiotoxicity. Notch1 was the only protein that showed >1.5fold increase in plasma level at all cumulative DOX doses compared to
SAL-treated counterparts. This protein is a major receptor for notch signaling pathway that plays a crucial role in the repair of myocardial injury.
Altogether, these early plasma protein markers may have potential in
addressing a clinically important question of identifying cancer patients
at risk for developing cardiotoxicity.

2017 Following Biomarkers of Central Metabolism in
240

Muscles from Diabetic Mouse Model: Metabolic
Pathway Imaging

SOT 2017 Annual Meeting

J. Masure2, G. Hamm2, P. Delataille1, C. Foucart1, D. Bonnel2, S.
Linehan2, C. Belanger1, R. Darteil1, and J. Stauber2. 1GenFit, Loos,
France; and 2ImaBiotech, Loos, France.
Type 2 Diabetes is a chronic metabolic disease. As the predominant site
of insulin-mediated glucose uptake in the postprandial state, skeletal
muscle can be considered as a major site of metabolic changes associated with this disease. This can modify the local composition of muscle
fibers which are distinguished into type I or type II. MSI can provide
spatial information about metabolic activity of muscles at the micrometer scale which is not feasible with biochemical assays using homogenized muscles. Isolated and whole muscle tissue from DIO mice was
removed; snap frozen and stored at -80°C. Each tissue was sectioned following transversal plan using Microm HM560 cryostat and mounted on
ITO conductive glass slides. Immunohistochemistry was performed on
adjacent tissue section for visualization of histological regions. 9AA was
chosen as MALDI matrix and deposited with SunCollect. MSI was performed in - detection mode using a MALDI-FTICR.We’ve used a metabolite characterization of a skeletal muscle section from mouselegs in both
+and - detection mode. Regional differences of metabolite profile were
found depending on histological tissue region and especially associated with fibers type. MSI data were co-registered with histochemistry
images based on assessment of ATPase activity used to distinguish fast
and slow contracting muscle fibers. This correlate the distribution of
metabolites with fast and slow fiber types. ATP was localized in tibialis
and gastrocnemius tissue and not detected in EDL and soleus. The carnitine and the acetyl-carnitine showed specific localization and accumulation in type I. 2metabolites are involved in the regulation of long-chain
fatty acyl group translocation into the mitochondria. To analyze anti-diabetic drug studies, we performed a biomarker study on isolated muscle
tissue of the back legs of 12 mice, comparing 6chow diet mice to 6DIO
mice receiving a 60% high fat diet and analyzing 4replicates for each. An
untargeted analysis using Multimaging showed that some metabolites
involved in the glycolysis and the pentose phosphate pathway, such as
G6P and FBP, were induced by the diabetic condition, with fold changes
of 2&3.5. Some lipids were shown to be modulated: LPE, CPA, PI(32:0)
and PI(42:8), with fold difference changes of 1.7, 1.5, 0.7&5. These biomarkers were precisely identified based on accuracy mass measurement
and validated by in situ MS/MS fragmentation.

2018 A Multipronged Approach to Identify Protein

Adducts Caused by Environmental Chemicals

P. D. Piehowski, S. Nag, T. Shi, J. R. Hansen, A. T. Wright, and J.
Smith. PNNL, Richland, WA.
Humans are exposed to a barrage of chemicals from occupational settings, consumer products, accidental releases, and the environment. To
better understand the potential risks associated with chemical exposures, efforts are underway to biomonitor targeted human populations.
Many highly reactive chemicals (which are typically chemicals of toxicological significance and are difficult to biomonitor) will react with
proteins in blood to form chemical-protein adducts. In this project, we
are developing a multipronged approach for biomonitoring based on
chemical adducts to proteins. To synthesize adducts, purified proteins,
plasma, and whole blood were treated with a dose-dependent concentrations of chlorpyrifos oxon, diaminochlorotriazine, chloropicrin, or
benzo[a]pyrene-7,8-dihydrodiol epoxide. First, we utilized global mass
spectrometry proteomic techniques to identify adducts. Samples were
digested into peptides with trypsin and separated into 12 fractions
using high-pH reverse phase chromatography. Each fraction was then
analyzed using a 100 min standard reverse phase gradient LC coupled
to an Orbitrap Velos mass spectrometer for high resolution MS/MS analysis. Custom bioinformatics workflow was utilized to generate confident
protein adducts. A new MS visualization tool was developed to aid in
validation of protein adducts from MS/MS data. Second, we utilized
activity-based protein profiling to search for protein adducts. After synthesizing adducts, samples were treated with either an iodoacetamide
(IAA) or fluorophosphonate (FP2) probes for enrichment of cysteine or
serine hydrolase sites, respectively. Enrichment strategies included gel
visualization and mass spectrometry identification. This multipronged
strategy identified multiple protein adducts on serine and cysteine
amino acid sites on proteins including complement C3, hemoglobin B1,
and histone H3. We anticipate that this new approach can be broadly
applied for biomonitoring toxic chemicals that are traditionally difficult
to monitor.

2019 Sparcl: Validation of C-Reactive Protein and
Cardiac Troponin-I Assays in Serum Using a
Novel Technology

I. Boulay2, M. Bigras2, K. Blouin2, R. Riffon2, S. Authier2, and R.
Forster1. 1CiToxLAB France, Evreux, France; and 2CiToxLAB North
America, Laval, QC, Canada.
Biomarker assays have gained precedence over the years due to their
role in drug discovery and development. CRP (C-Reactive Protein) is an
acute phase protein synthesized by the liver and released in circulation
acutely in response to tissue injury, infection, or other cause of inflammation. Cardiac Troponin-I (cTnI), one of the three Troponin-I isoforms,
is released into the bloodstream from damaged cardiac muscle cells.
The evaluation of cTnI serum levels therefore allows assessment of
the extent of cardiac injury. Historically quantified by traditional ELISA,
an alternative assay methodology was explored to facilitate integration of CRP and cTnI analysis in toxicology studies. Method: A SPARCL
(Spatial Proximity Analyte Reagent Capture Luminescence) assay was
used herein to validate a Non-Human Primate (NHP) CRP quantification
method, as well as cTnI assays for NHP and Rat sample analysis. SPARCL
is a novel technology that allows rapid and cost effective immunoassay development, validation and sample analysis. The principle lies
on proximity of HRP- and Acridan-conjugated antibodies due to specific binding. When a solution containing hydrogen peroxide is added,
HRP catalyzes oxidation of proximal acridan molecules causing a chemiluminescent reaction, which is captured by a plate-based luminometer. Results: Following adaptation of commercially available SPARCL
CRP and cTnI assays, an advanced method validation was performed,
according to industry guidelines. In order to better characterize the performance of the CRP assay, serum samples were obtained from naive
and Lipopolysaccharide(LPS)-stimulated non-human primates (m. fascicularis), which significantly increased the CRP level over 24 hours.
For cTnI, serum samples were obtained from animals which underwent heart ligature, which significantly increased the cTnI levels over
8 hours. These samples were then used to define and validate the following assay parameters: precision, ruggedness, parallelism, stability
and minimum required dilution. Conclusion: Novel methods for the
quantification of CRP in NHP serum samples, as well as cTnI in NHP and
Rat serum samples, were successfully validated. The SPARCL assay was
found to present short assay run time since no wash are required. It
allowed a high throughput for method validation and sample analysis
with an analytical range that covered relevant concentrations in the
NHP and Rat.

Transcripts (CAPN12, RAC1, Tp73, and VEGFA)
Associated with Effect Biomarkers for DNA
Damage in Different Populations

C. Franken3, N. Lambrechts3, S. Remy3, and G. Schoeters3,1,2.
1University of Antwerp, Antwerp, Belgium; 2University of Southern
Denmark, Odense, Denmark; and 3VITO, Mol, Belgium. Sponsor: L.
Aylward.
Increased levels of DNA damage and ineffective repair mechanisms are
underlying biomolecular events in life-threatening diseases like cancer.
It has been suggested that different molecular pathways may contribute
to DNA damage and cancer risk. However, classic genotoxicity tests that
are used in risk assessment do not provide these insights. We identified associations between transcriptional changes and biomarkers for
DNA damage using multiple linear regression analysis. In two independent cross-sectional studies of Flemish adult populations (FLEHS I
study (N=96): 50-65 years old; PAH study (N=48): 16-59 years old), whole
genome transcriptome analyses yielded 170 probe transcripts of 141
known genes that were significantly and unidirectionally associated
with peripheral whole blood micronucleus (MN) frequency in both
cohorts. The expression of a subset of genes (CAPN12, RAC1, TP73 and
VEGFA), selected based on biological relevance for DNA damage, was
further analyzed by quantitative real-time PCR in a third study population of 14-15-year-old adolescents (FLEHS III (N=128)). In adolescent
boys, a significant MN-related change in RAC1 expression could be
confirmed. Further, RAC1 and VEGFA were significantly associated with
the alkaline comet assay in the adolescent population, while CAPN12
and TP73 were significantly associated with the comet assay, but only
in boys. TP73, RAC1 and VEGFA, were also functionally linked based
on curation of gene networks. This study shows the potential of gene
expression analysis as a complementary tool to increase the mechanistic
insights in DNA damage pathways.

2021 MGMT, a Human DNA Repair Protein and

Anticancer Drug Resistance Determinant
Interacts with PCNA and Functions As a S-Phase
Checkpoint

A. Mostofa, and K. Srivenugopal. Texas Tech University Health
Sciences Center, Amarillo, TX.
O6-Methylguanine-DNA methyltransferase (MGMT) is a critical antimutagenic DNA repair protein that protects the human genome and an
established target for improving the efficacy of anticancer alkylating
agents. In contrast with the stoichiometric repair reaction catalyzed
by MGMT, we show for the first time that it also serves essential functions in maintaining the S-phase progression. First, we identified a
PCNA-Interacting Protein (PIP box) motif between amino acids 61-70,
QCTAWLNAYF in MGMT protein. PCNA encircles the DNA and functions
as a sliding platform by interacting with DNA metabolic proteins that
possess a PIP-box to make the replication processive. In tumor cells
engineered to express the p21cip1, reciprocal immunoprecipitation/
western blot analyses using antibodies to PCNA or MGMT confirmed
the specific association of MGMT and PCNA proteins. The CDK inhibitor
p21 disrupted the interaction between PCNA and MGMT in cells, indicating its regulatory role in DNA repair during cell cycle arrest. Confocal
immunofluorescence imaging showed a colocalization of MGMT and
PCNA proteins in glioma cells subjected to alkylation DNA damage,
suggesting that PCNA recruits the repair protein to the damage sites.
To probe the cell-cycle dependent regulation of MGMT, we used synchronized human GBM cells at the G1/S boundary using double thymidine-block or single thymidine-mimosine blocks. Cells released into
the S-phase showed that the MGMT disassociates from PCNA during
the late S-phase and undergoes degradation before re-accumulating
in G2/M. MGMT inhibition greatly impeded the progression of cells into
the S-phase in synchronized cells. Collectively, these novel data demonstrate that MGMT is required for human cell cycle progression and it has
to be degraded in a timed fashion to maintain genomic stability. On the
clinical front, the observations provide a clear biochemical rationale for
combining MGMT inhibitors (apart from the alkylators) with antimetabolite drugs such as the methotrexate and 5-FU for improved tumor elimination.

2022 Comparison of the Use of Urinary Phenol As a

Biomarker for Benzene Exposure versus Other
Markers

K. Voyi, and Z. Khanyile. University of Pretoria, Pretoria, South
Africa.
Background: The occupational exposure limit has been reduced to
1ppm by American Conference of Governmental Industrial Hygienists
(ACGIH). It is well documented that even at this low exposure limit
benzene can still be carcinogenic. It is therefore important to protect
the public against these toxicants. Urinary phenol is the most commonly
used biomarker for benzene exposure in South African laboratory protocols. Other known biomarkers include t,t-muconic acid, u-benzene
and s-phenyl-mercapturic acid which vary in their specificity and sensitivity. The aim was to compare test parameters of these biomarkers
and determine the lowest level of detection of benzene by the different
metabolites. Methods: A meta-analysis, following the PRISMA method,
was conducted on diagnostic studies published between 1985 and
2012. Sixteen studies were selected that met the inclusion criteria. The
quality of the studies was assessed by the QUADAS scoring method. A
comprehensive meta- analysis program was used to calculate the combined effect, and assess for bias and heterogeneity. Statistical significance was assessed using confidence intervals and a fixed effect model.
Results: The combined effect as computed by the forest plot indicates
that u-benzene is a better biomarker of benzene exposure. In the fixed
effect model urinary benzene has been shown to be better biomarker
than phenol at exposures below 1ppm. In the random effects model,
t,t muconic acid was better than phenol. Conclusion: The finding of the
meta-analysis is in keeping with the evidence in literature that urinary
benzene is a better biomarker for exposure to benzene. Generally for
assessment of low levels of exposure measurement of the parenteral
compound is usually of greater value as they tend to be specific. There
seem to be best correlation between low exposure and urinary benzene.
Urinary benzene can reflect the total uptake of benzene in the body
up to low pollution levels and could be the best biomarker of environmental exposure. Phenol is not suitable as a biomarker for exposure to
low benzene concentrations.

2023 Expression Patterns of Metallothionein Isomers
in Various Subtypes of Breast Cancer Cell Lines

H. G. Kim, S. W. Jin, E. J. Lee, and H. G. Jeong. Chungnam National
University, Daejeon, Korea, Republic of.
Metallothioneins (MTs) are low molecular weight proteins characterized by a high cysteine content and give rise to metal-thiolate clusters.
Most MTs have two metal clusters containing three and four bivalent
metal ions, respectively. The MT gene family in mammals consists of
four subfamilies designated MT-1 through MT-4. Although many reports
have addressed MT structure and function, expression pattern of MT
isomers was not analyzed yet in breast cancer cell lines. This study investigated the expression pattern assay of MT isomers then try to determine the features of MT isomers in various subtypes of breast cancer cell
lines. In the study, MCF-10A, MDA-MB231, MCF-7, T47D, SKBR3, BT474
and, MDA-MB468, are used to screen the expression of 8 MT isomers,
MT1A, MT1B, MT1F, MT1G, MT1H, MT1G, MT2A and, MT3. MDA-MB231,
triple-negative breast cancer cells, showed high MT1A, MT1B, MT2A
and, MT3 gene expression compared with the other subtypes. Triplenegative breast cancer dose not respond to hormonal therapy or therapies that target HER2 receptors, so those MT isomers can be used for
finding new pharmaceutical targets of triple-negative breast cancer.
Also, SKBR3, ER(-)/PR(-)/HER2(+) breast cancer cells, showed exclusive
overexpression of MT1G and MT1H, suggesting association with HER2
expression. Interestingly, low MT1X gene expression was detected in
breast cancer cell lines compared with MCF-10A, indicating possible biomarkers involved in breast carcinogenesis or invasiveness.

2024 Evaluation of Food Impact on Serum Bile Acid
Changes in Preclinical Species by LC/MS/MS
Analysis

L. Luo2, A. Michael2, J. Aubrecht2, B. Reagan2, D. Ackley2, L. Reed1,
and J. Colangelo2. 1Pfizer, Andover, MA; and 2Pfizer, Groton, CT.
Bile acids have been indicated as potential biomarkers of liver damage
and disease in multiple metabonomic studies. Many of the metabonomic studies compared samples from normal healthy individuals with
those from individuals identified with liver diseases elucidating potential biomarkers. For most of these studies, an increase in one or more
individual bile acids (IBA) was noted in the samples from liver disease
individuals. Recently, IBA, such as cholic acid, glycocholic acid and taurocholic acid, and/or bile acid profiling have been proposed as poten-
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tial biomarkers of drug induced liver injury (DILI) in preclinical and clinical studies. However, it is known that food intake stimulates bile acid
release and could confound the perceived differences between normal
healthy individuals and individual with liver disease. To better understand bile acid changes, especially to differentiate food versus drug/
disease’s impact on serum bile acid profiles, three studies in beagle dogs
and two studies in cynomolgus monkeys were conducted to characterize bile acid profiles after feeding. We utilized a validated LC/MS/MS
method to analyze nine bile acids from time course serum samples collected after feeding. Baseline assessments were also conducted from
pre-dose samples. The tauro-conjugates were the most abundant bile
acids measured in the dog; these bile acids also demonstrated the
largest increase over time after food presentation. In the dog, the timing
of the increase in the tauro-conjugates appeared to correlate with the
timing of the increase in total bile acids. This correlation is most likely
due to the tauro-conjugates being the most abundant. In addition, the
AUC of the total bile acids in the study with half ration of food was much
higher than those in the studies with meal ball sized ration in dog. In the
monkey studies, the tauro- and glyco-conjugated bile acids were significantly increased after food intake. Deoxycholic acid (DCA) was the most
abundant bile acid species in the monkey samples, and the composition
of the fractionated bile acids were significantly altered after food intake
when compared with the pre-dose samples. These studies will help to
better evaluate bile acid profiles as potential biomarkers for liver injury
during drug development.

2025 Characterization of microRNAome in Rat Liver

Sinusoidal Endothelial Cells and Hepatocytes
and Their Potential Application to Plasma
Biomarkers That Discern Pathogenesis of Liver
Injuries

S. Oda1, M. Takeuchi1, Y. Shirai1, S. Akai1, K. Tsuneyama2, and T.
Yokoi1. 1Nagoya University Graduate School of Medicine, Nagoya,
Japan; and 2Tokushima University Graduate School, Tokushima,
Japan.

242
SOT 2017 Annual Meeting

Circulating microRNAs (miRNAs) have been proposed as potential biomarkers of organ toxicity, including liver. In drug-induced hepatocellular
injury, two hepatocyte-specific miRNAs, miR-122 and -192 are detected
in plasma. However, these miRNAs may not specific to damage to the
other hepatic cell types, including liver sinusoidal endothelial cells
(LSECs), which can be a toxicological target during chemotherapy. In
this study, we characterized miRNAome in LSECs and hepatocytes and
investigated whether cell type-specific miRNAs in plasma can discern
pathogenesis of liver injuries in rats. LSECs and hepatocytes were isolated from non-treated rats and miRNA microarray analyses were performed. Tissue distribution of miRNAs was assessed using a publicly
available miRNA expression dataset in rat various organs. For establishing LSEC and hepatocyte injury models, male SD rats were orally
treated with monocrotaline (MCT, 160 mg/kg) and thioacetamide (TAA,
100 mg/kg), respectively, and blood was collected 0, 6, 12, 24 and 48 h
after dosing. Comprehensive miRNA expression analyses revealed that
66 and 12 miRNAs were more than 4-fold highly expressed in LSECs
and hepatocytes, respectively. The levels of miR-126a-3p and -122-5p
accounted for nearly a quarter of total miRNAs in LSECs and hepatocytes, respectively. However, the expression of miR-126a-3p was not
liver specific but was high in other organs. Among abundant miRNAs in
LSECs, miR-335 was found to be relatively liver specific. In MCT-treated
rats, LSEC damage was observed from 6 h after dosing, whereas hepatocellular damage was observed after 48 h. Interestingly, the level of
miR-335 in plasma was increased as early as 6 h after MCT dosing, followed by increase of miR-122-5p after 24 h and ALT after 48 h. In the
TAA-induced hepatocellular injury model, the level of miR-335 was not
altered in plasma, whereas miR-122-5p and ALT levels were increased
after 6 and 12 h, respectively. These results suggest that miR-335 was
released into plasma in response to LSEC damage. In conclusion, we
characterized miRNAome in rat LSECs and hepatocytes and identified
miR-335 in plasma as a possible biomarker for LSEC damage.

2026 A Large-Scale Proteomic Map of Differentiated
HepaRG Cells Highlights Their Pivotal
Hepatocyte-Like Metabolic Functions and
Interconnecting Specific Regulations

C. Guguen-Guillouzo1,4,, G. Tascher3, N. Rougier1, A. van Dorsselaer2,
F. Bertile2, and D. Steen1. 1Biopredic International, Saint Gregoire,
France; 2CNRS/ Strasbourg University, Strasbourg, France; 3CNRS/
Strasbourg University, Strasbourg, France; and 4Inserm UMR 991,
Rennes, France.
The liver is the center wide-range metabolic functions including sugar,
lipid, ammonia metabolisms, drug detoxification and bile acids transport. Here a large-scale mass spectrometry-based proteomic of HepaRG
cells was performed in order to evaluate the capacity of these cells to be
a surrogate for human hepatocytes by expressing liver specific functions
and associated regulating factors. We identified 4168 proteins representing the most comprehensive proteomic resource to date for characterizing in depth the phenotype of differentiated HepaRG cells. Of these,
25% belonged to nuclear, 10% to cell membranes and 45% to cytoplasm
compartments, a distribution highly representative of the amounts
of biological activities expected in liver cells. A secretome profile was
obtained with the identification of 240 secreted proteins, 28% of them
covered the panel of transport proteins, 17% belonged to the proteolytic machinery and 9% to components of the extracellular matrix. A
large proportion of the HepaRG proteome was dedicated to the xenobiotic detoxification with a broad representation of conjugating enzymes,
and mainly to lipid and sugar metabolisms with predominant fatty acids
and lipoproteins synthesis pathways. The complex metabolic activity
of hepatocytes is made by precise molecular controls and HNF4 is the
hub controlling liver differentiation and liver-specific gene expression.
An unexpected high number of metabolism-related proteins known to
be controlled by HNF4 and other nuclear factors were found in HepaRG
cells. Moreover, we identified as-yet-unknown in HepaRG cells, several
cell surface receptors contributing to their plasma membrane specification, and many proteins involved in cellular trafficking of polarized cells.
Furthermore, the main observation was the detection of the 5 leading
hepatokines known to be major players in the complex regulations
of lipid metabolism and the interplay with sugar metabolism in vivo,
including their modulation by insulin. Altogether, these results confirm
the hepatocyte phenotype signature of HepaRG cells and highlight their
high potencies to represent a unique alternative model for studying diabetic syndromes and nutritional disorders.

2027 Validation of a High-Throughput Immunoassay
for the Quantitation of Symmetric
Dimethylarginine (SDMA) in Rats

J. Cross2, P. Prusevich2, M. Yerramilli2, J. Li2, L. Riley2, and D. Hamlin1.
1Eli Lilly and Company, Indianapolis, IN; and 2IDEXX Laboratories,
Inc., Westbrook, ME. Sponsor: D. Hamlin.
Symmetric dimethylarginine (SDMA) is a dimethylated derivative of
arginine from intra-nuclear methylation and subsequent catabolism of
proteins. SDMA is eliminated primarily by renal clearance and shown
to be an accurate and precise biomarker for determining estimated
glomerular filtration rate (eGFR). Recent studies have demonstrated its
utility as an early and more sensitive biomarker than serum creatinine
in assessing renal dysfunction, making SDMA a reliable biomarker for
diagnosing and monitoring chronic kidney disease. The objective of this
study was to validate a new high throughput immunoassay to quantify SDMA in rat serum. The two reagent immunoassay system contains
an anti-SDMA monoclonal antibody and a G6PDH-SDMA conjugate, in
a homogenous competitive assay format designed for the Beckman
AU series clinical chemistry analyzers. Precision, analytical sensitivity,
dynamic range, accuracy, analytical specificity, sample stability and the
reference interval were determined. Precision was measured following
CLSI guidelines. Precision of the assay was excellent. At 6 μg/dL SDMA,
the Coefficient of Variation (CV) was 17%, at 15 μg/dL the CV was 5.8%,
and at 58 μg/dL, the CV was 2.1%. The assay limit of blank (LOB), limit
of detection (LOD), and limit of quantitation (LOQ) were determined to
be 1.1 μg/dL, 1.5 μg/dL and 3.4 μg/dL, respectively. The dynamic range
was shown to be 5 to 100 μg/dL.To assess accuracy, 40 individual serum
samples, containing both endogenous and spiked SDMA, spanning the
assay range were assayed using both the immunoassay and the gold
standard liquid chromatography mass spectrometry methods, and compared using Passing-Bablok regression analysis. The correlation slope
and intercept were 0.997 and -0.650, respectively. No interference from
lipemia, icterus or moderate levels (250 mg/dL) of hemoglobin was
observed. Related compounds such as arginine, monomethyl arginine
and asymmetric dimethylarginine had no impact on results. Sample stability testing showed rat serum samples were stable for up to 7 days

2028 Lysosomal Phospholipase A2 As Companion

Diagnostic Biomarker for Phospholipidosis, a
Drug-Induced Toxicity Event

F. V. Chan2, J. A. Shayman3, P. W. Rzepecki1, M. Landward2, and
L. J. Johnson2. 1Actavis Laboratories, Salt Lake City, UT; 2Echelon
Biosciences Inc., Salt Lake City, UT; and 3University of Michigan,
Ann Arbor, MI.
Phospholipidosis (PL) is a condition of excessive accumulation of intracellular phospholipids causing tissue inflammation and organ damage.
Phospholipidosis is manifested in patients taking cationic amphiphilic
drugs (CADs) such as fluoxetine (Prozac, Sarafem) and Amiodarone.
Drug-induced phospholipidosis (DIPL) is a reversible process if treated
in time; however, if not caught, the results can be deadly. Curiously,
not all patients taking CADs develop DIPL. The complete cause of DIPL
is unknown, but evidence is accumulating that DIPL is the result of
certain CADs directly inhibiting lysosomal phospholipase A2 (LPLA2).
LPLA2 is one of the enzymes responsible for normal lipid turnover and
metabolism. An individual’s LPLA2 level and/or activity may be critical
in whether an individual develops DIPL or not. LPLA2 knockout mice
display features of systemic lupus erythematosus (SLE). Transmission
electron microscopy has revealed that alveolar macrophages in LPLA2
knockout mice contain numerous lamellar bodies which are a hallmark
of PL. We hypothesize that compromised LPLA2 activity is an indicator
of patient susceptibility to DIPL. In order to test this hypothesis, we first
studied the ability of select drugs in inhibiting LPLA2 activity using a
quenched fluorogenic specifically for LPLA2 and found significant differences in LPLA2 inhibition levels between the non-PL inducing drugs and
PL inducing drugs (p-value < 0.001). We also examined LPLA2 levels and
activity in plasma from healthy and SLE patients using a custom ELISA
and the same fluorogenic substrate. We found SLE samples exhibited
significantly lower LPLA2 activity and protein levels when compared
to healthy individuals. Finally, we challenged plasma from healthy and
SLE donors with a group of pre-selected PL-inducing drugs including
fluoxetine and amiodarone and tested LPLA2 activity. Results showed
differences in the percent LPLA2 inhibition by the PL-induced drugs
between healthy individuals and SLE patients. Our findings establish
valuable new methods for screening individuals likely to develop DIPL,
thus assisting physicians in optimizing treatments when CADs are the
recommended therapy.

downstream changes in gene expression associated with exposure to
chemical carcinogens. Acknowledgements: This work was supported by a
Cefic-LRI Innovative Science Award. We also acknowledge Fundação para a
Ciência e a Tecnologia (FCT, Portugal) (grants RECI/QEQ-MED/0330/2012,
IF/01091/2013/CP1163/CT0001) and Interagency Agreement Y1ES1027
between the National Center for Toxicological Research/US Food and Drug
Administration and the US National Institute of Environmental Health
Sciences/National Toxicology Program.

2030 Low Grade and High Grade Bladder Cancer Cells
Differentially Express Lewis X Glycan Epitope

B. O. Ezeabikwa2, M. Mandalasi1, M. Martin-Caraballo2, A.
Ishaque2, and A. K. Nyame2. 1University of Georgia, Athens, GA;
and 2University of Maryland Eastern Shore, Princess Anne, MD.
Bladder cancer cells express the Lewis x (Lex; Galβ1-4(Fucα1-3) GlcNAc-R)
epitopes on their membrane glycoproteins making the glycans potential biomarker for detection of oncogenic transformation of bladder
cells. However, the level of expression of Lex among different grades
of bladder cancer cells has not been well characterized. We now report
the use of IgG monoclonal antibody, F8A1.1 that recognizes Lex on
N-linked glycoproteins to study the expression of Lex epitopes on low
grade (RT4) and high grade (J82, T24 and TCCSUP) bladder cancer cell
lines. The normal bladder epithelial cell line (A/T/N) was also analyzed as
a control. We observed by immunocytology and immunoprecipitation
that RT4 cells, the low grade, early muscle invasive stage, highly express
Lex epitope, while J82, the intermediate stage cell line show diminished
expression of Lex glycans. Interestingly, Lex glycans are not detectable
on the metastatic, high grade cell lines, T24 and TCCSUP. As expected,
the control, normal bladder cells, A/T/N, were not bound by F8A1.1.
Analysis of the expression levels of mRNA for the fucosyltransferases
(FUTs) responsible for the biosynthesis of fucosyslated glycan epitopes
by Real Time PCR (RT-qPCR) revealed that the differential expression of
Lex among the different developmental stages of bladder cancer cell
lines may be related to differences in the expression levels of FUTs 9,
10 and 11. RT4 and J82 cell lines expressed FUT 9 and FUT 10 mRNA at
levels proportional to their expression levels of Lex epitope while T24
and TCCSUP cells lines expressed low levels of FUT 9 and 10 mRNA. In
contrast, expression of FUT 11 mRNA by the cell lines was reciprocal
to their expression levels of Lex. High grade T24 and TCCSUP cell lines
expressed high levels of FUT 11 mRNA while J82 and RT4 cell lines
showed low expression of FUT 11 mRNA. Taken together our results
show that Lex glycan antigen expression by bladder carcinomas is
stage-and grade-specific, and that the differences in expression of Lex
may be related to differences in expression of fucosyltransferases 9,
10 and 11. Further, our results show that monoclonal antibody F8A1.1
could serve as a reagent for the identification of early stage bladder carcinomas and for the study of bladder cell oncogenesis.

2029 New Insights into the Molecular Mechanisms of

Chemical Carcinogenesis: Covalent Modification
of Histone H2B in a Rat Model by a Reactive
Metabolite of the Chemical Carcinogen and Food
Contaminant Furan

2031 Gastro-Intestinal (GI) Biomarkers of Mitigation

Effects of the Protected Graft CopolymerFormulated Fibroblast Growth Factors in Partial
Body Irradiation (PBI) Mouse Model

A. M. Antunes1, J. Nunes1, I. L. Martins1, C. Charneira1, I. Pogribny2,
A. de Conti2, F. A. Beland2, M. M. Marques1, and C. C. Jacob1. 1Centro
de Química Estrutural, Instituto Superior Técnico, Universidade de
Lisboa, Lisboa, Portugal; and 2US FDA/NCTR, Jefferson, AR.

K. K. Kabirov2, G. M. Castillo1, A. Nishimoto-Ashfield1, C. C. Jones1,
A. Zakharov2, and A. Lyubimov2. 1PharmaIN Corporation, Bothell,
WA; and 2UIC-TRL, Chicago, IL.

Furan is a rodent hepatocarcinogen ubiquitously found in the environment and heat-processed foods. Furan undergoes bioactivation
to electrophilic metabolites which yield covalent adducts with lysine
residues in proteins. Dose- and time-dependent epigenetic histone
alterations have been observed in furan-treated rats. While the covalent modification of histones by chemical carcinogens has long been
proposed, histone-carcinogen adducts have eluded detection in vivo.
In this study, we investigated if the covalent modification of histones
by furan may occur in a rodent model prior to epigenetic histone alterations. The animal strain and route of administration correspond to
those used in a furan carcinogenicity 2-year bioassay, conducted by
the NTP. Using a mass spectrometry-based bottom-up approach, we
obtained evidence for a cross-link between an electrophilic metabolite
of furan with glutathione and lysine 107 of histone H2B isolated from
the livers of male F344 rats treated with tumorigenic doses of furan.
This covalent modification preceded the identification of altered epigenetic profiles, suggesting that it may take place at the early stages of
furan-induced carcinogenesis. Moreover it occurred in a lysine residue
that is a target for epigenetic modifications and crucial for nucleosome
stability. The in vivo confirmation of histones as targets of a furan-derived electrophilic metabolite suggests that this type of alteration may
be general in scope, thereby providing a plausible molecular basis for
the multiple reports of aberrant epigenetic status and subsequent

The mitigating effects of fibroblast growth factors 4 and 7 (FGF4 and
FGF7, respectively) were evaluated and compared with effects of long
acting protected graft copolymer (PGC)-formulated FGF4 and FGF7 (PF4
and PF7, respectively). Test articles were administered to C57BL/6J mice
a day after exposure to LD50/30 (15.7 Gy) partial body irradiation (PBI)
targeting the gastrointestinal (GI) system. The PGC increased the bioavailability of FGF4 and FGF7 by 5- and 250-fold compared to without
PGC, respectively, and also sustained a 24 hr-presence in the blood after
a single subcutaneous administration. The dose levels tested for mitigating effects on radiation injury were 3 mg/kg for the PF4 and PF7
and 1.5 mg each for their combination (PF4/PF7). Amifostine administered prior to PBI was used as a positive control. The PF4, PF7, or PF4/
PF7 mitigated the radiation lethality in mice. The plasma citrulline
levels and hematology parameters were considered as early markers
of recovery and survival. GI permeability function appeared to be a late
or full recovery indicator. The villus length and crypt number correlated
with plasma citrulline level, indicating that it can probably act as a surrogate marker for these histology evaluations. The jejunum IL-18 and
colon TPO levels can be useful biomarkers of GI irradiation damage and
recovery. Other colon and jejunum cytokine levels (IP-10, EPO and IL-15)
are potentially useful but require larger numbers of samples than the
present study before their full utility can be established. (This work was
funded by NIAID Grant No. R43AI107953 to PharmaIN Corporation)

243
SOT 2017 Annual Meeting

when incubated at -20°C, 4°C or 25°C. An upper reference limit of 11
μg/dL was established according to CLSI:C28-A nonparametric methodology using serum samples from a healthy population of 148 rats. The
SDMA immunoassay performance is suitable for measuring this novel
renal biomarker in rats.

2032 Are Urinary and Blood Concentrations of Metals
Related to Early Markers of Renal Dysfunction
and Diabetes? A Pilot Study among Aging
Canadians

M. Valcke1, P. Ayotte4, N. Ouellet2, A. LeBlanc2, L. Normandin1,
D. Hamel2, and C. Balion3. 1Institut National de Santé Publique
du Québec, Montréal, QC, Canada; 2Institut National de Santé
Publique du Québec, Québec, QC, Canada; 3McMaster University,
Hamilton, ON, Canada; and 4Université Laval, Québec, QC,
Canada.
Lead, cadmium and mercury are known nephrotoxicants that have
also been associated with type-2 diabetes (T2D) in some epidemiologic
studies. However little is known regarding health risks from environmental exposure to these toxic metals among elders. We conducted a
pilot study to explore relations between biomarkers of exposure to lead,
cadmium and mercury and early biomarkers of diabetes plasma concentrations of adiponectin, leucine, isoleucine, and valine) and kidney injury
(urinary concentrations of kidney injury molecule (KIM-1), n-acetylglucosaminidase (NAG) and retinol-binding protein (RBP)] in 70 healthy
participants (42 men, 28 women; median age (range): 62 years (46 - 87))
from the Canadian Longitudinal Study on Aging. Concentrations of
blood lead, cadmium and total mercury in archived blood and urine
samples (PbU, CdB; CdU, HgB, HgU), were determined by inductively
coupled plasma mass spectrometry. KIM-1, NAG, RBP and adiponectin
were measured by ELISA-based methods. Concentrations of amino acids
were determined by liquid chromatography mass spectrometry. Renal
function of participants was assessed as per the KDIGO 2012 guidelines.
All participants exhibited either normal or mildly altered renal function. When excluding current smokers (n = 4), a significant correlation
(Pearson’s r = -.27, p = .028) was observed between adiponectin and
valine. Other significant correlations include : CdU and adiponectin (r =
.39, p = .001), KIM-1 (r = .29, p = .02) and RBP (r = .36, p = .004); CdB and
adiponectin (r = .38, p = .002) and, marginally (r = 0.23, p = .069), RbP;
HgU and adiponectin (r = .29, p = .020) and KIM-1 (r = .45, p = .0001).
This pilot study investigated for the first time a comprehensive set of
biomarkers linked to toxic metal exposure, renal function and diabetes
in a group of aging Canadians. Expanding measurements to a larger
number of aging participants with longitudinal data would allow a more
exhaustive assessment of the relation between exposure to toxic metals
and chronic health outcomes in the Canadian elderly population.
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2033 Comparison of Urinary Liver-Type Fatty AcidBinding Protein (L-FABP) with Other Urinary
Nephrotoxicity Biomarkers of Drug-Induced
Acute Kidney Injury in Dogs and Nonhuman
Primates

Y. Suzuki2, T. Kadota2, H. Komatsu2, T. Sugaya1, and Y. Akie2. 1CMIC
Holdings Co., Ltd., Tokyo, Japan; and 2CMIC Pharma Science Co.,
Ltd., Yamanashi, Japan.
L-type Fatty Acid Binding Protein(L-FABP), which is located in the cytoplasm of human renal proximal tubular cells, responses to ischemia
and oxidative stress and is excreted in urine. KDIGO (Kidney Disease
Improving Global Outcomes) selected L-FABP as one of the major 5
biomarkers (cystatin C, NGAL, Interleukins, Kim-1, L-FABP) in the world
for detecting Acute Kidney Injury (AKI). The guideline published by JSN
(Japanese Society of Nephrology) has listed urinary L-FABP as a useful
urinary clinical surrogate marker following the clinical course of CKD.
L-FABP ELISA kit has been approved as an IVD product in EU and Japan.
We have reported L-FABP is also very useful as a toxicological renal
biomarker in rat models. The purpose of this research was to compare
urinary L-FABP level with other urine biomarkers(Kim-1, NGAL, NAG,
Total protein) in dogs and nonhuman primates AKI models induced
by Gentamicin(GM). Gentamicin SC dosing in rhesus monkeys for 10
days at 50 mg/kg/day and GM SC single dosing in beagle dogs starting
at 12.5 mg/kg/day, with escalations to 50mg/kg/day and 200 mg/kg/
day induced kidney tubular injury in both species. In the canine AKI
model, kidney microscopic findings of foamy eosinophilic globules were
slightly observed in proximal tubule after last GM injection(200 mg/kg/
day), whereas BUN and serum creatinine(sCRE) were negligibly changed.
L-FABP and NGAL elevated within 24 hours after first injection(12.5mg/
kg). Kim-1 did not changed after last GM injection. In the nonhuman
primate AKI model, BUN and sCRE increased on Day7. L-FABPand other
renal biomarkers showed characteristic changes after the dosing. These
results suggest that the urinary L-FABP is very sensitive biomarker not
only in humans but also in experiment animals(rats, dogs and nonhuman primates).

2034 Risk Assessment with ABCB1 (rs1045642) Gene
Variation for Developing Breast Cancer in
Turkish Population

G. Ozhan2, Z. Kara2, and H. Kara1. 1Acıbadem University, Istanbul,
Turkey; and 2Istanbul University, Istanbul, Turkey.
Introduction: Breast cancer is the most frequent cancer and responsible
for the deaths from 33% of all cancers and from 20% of all cancer related
deaths in women. Beside the general risk factors such as gender, age, age
of menarche and menopause, obesity, hormone replacement therapy,
oral contraceptive use, high and low penetrance genes, and epigenetic
and modifier genes have a important role in its carcinogenesis. Multidrug resistance proteins (p-glycoprotein, ABCB1, MDR1) limit the intracellular concentration of the substrates by energy dependent (active)
pumping out of the cell. The proteins especially not only cause drug
resistance to chemotherapy but also play important roles in distribution
of substrates in the body, intestinal absorption and secretion, transition through the placenta and elimination from kidney and liver. Several
studies have reported a possible association between ABCB1 variants
and breast cancer, but no conclusion has been arrived at Turkish population. Therefore, our aim was to investigate the relationship between
ABCB1 genotypes in a Turkish population-based case-control study
on breast cancer susceptibility. Material and Method: It was evaluated
ABCB1 genotype (rs1045642, C3435T) in 104 patients and 100 healthy
controls by using RT-PCR. Result and Discussion: It was observed that
ABCB1 rs1045642 might be associated with breast cancer risk (OR=1.56
±0.79-4.38), however the association did not reach statistical significance (p=0.151). Compared the clinical parameters with the variant, the
MDR rs1045642 C allele was less frequent in the breast cancer patients
with estrogen receptor (ER) positive and progesterone receptor (PgR)
status. No significant difference in HER2 status and pathological type
were found with the variants. Conclusion: We believe that the findings
are the first results of ABCB1 allele distributions in the Turkish population
and may provide an understanding of aetiology in breast cancer.

2035 Evaluation of Urinary Nephrotoxicity Biomarkers
in the Rat 28-Days Repeated Toxicity

H. Komatsu, Y. Suzuki, T. Kadota, and Y. Akie. CMIC Pharma
Science, Yamanashi, Japan.
In clinical chemistry, KDIGO (Kidney Disease Improving Global
Outcomes) selected L-type Fatty Acid Binding Protein (L-FABP) as
one of the major 5 biomarkers (cystatin C, NGAL, Interleukins, Kim-1,
L-FABP) in the world for detecting Acute Kidney Injury (AKI). L-FABP,
which is located in the cytoplasm of human renal proximal tubular cells,
responses to ischemia and oxidative stress and is excreted in urine. We
have been reported L-FABP is also very useful as a toxicological renal
biomarker in rat models. The purpose of this research was examined to
compare urinary nephrotoxicity biomarkers (L-FABP, NAG, Kim-1, NGAL,
TP, CysC) in the rat 28-days repeated toxicity Gentamicin (GMC: 50mg/
kg, SC), Allopurinol (APL: 50mg/kg, PO), Acetazolamide (ACZ: 200mg/
kg, PO) or Triamterene (TRI: 50mg/kg, PO) was dosing in male SD rats
for 28 days. Urine and plasma samples were collected over time. In
histopathological examination, the degradation and regeneration of
proximal tubule was observed in GMC dosing group. The dilation and
regeneration of proximal tubule was seen in APL dosing group. ACZ
and TRI dosing groups were not changed in the proximal tubule. BUN
were not changed all samples. L-FABP elevated within 24 hours after
first injection of GMC, whereas Kim-1 changed after 14-days repeated
GMC dosing. Also, L-FABP elevated within 24 hours after first injection
of APL, whereas Kim-1 changed after 3-days repeated APL dosing. Other
renal biomarkers showed characteristic changes after the dosing. These
results suggest that the urinary L-FABP is very sensitive biomarker not
only in humans but also in rats.

2036 Toxic Effects of a Polyoxyethylene NonylphenolBased Commercial Formulation on
Caenorhabditis elegans

A. De la Parra-Guerra, L. Tejeda-Benitez, and J. Olivero-Verbel.
University of Cartagena, Cartagena, Colombia.
NP9 is a commercial formulation based on polyoxyethylene nonylphenol that is widely used as a non-ionic surfactant. Currently, nonylphenol and its derivatives are considered emerging pollutants. The aim
of this research was to evaluate the toxicity of NP9 using the nematode
Caenorhabditis elegans as a biological model. Nematodes in L4 larval
stage were exposed to different NP9 concentrations during 24 and 48
h. Lethality and locomotion were measured at several endpoints, as well
as changes in gene expression using reported strains. The increase in
lethality and inhibitory effects on locomotion were concentration-de-

pendent, although NP9 had little impact on the survival of nematodes,
causing only 12% mortality after 48 h exposure to 1000 ppm. At this
same concentration, nematode locomotion was significantly reduced
(59.5%), when compared to control, during the first 24 h; and this toxicity
slightly increased after 48 h. The change in gene expression occurred
in target genes when transgenic strains were exposed to 1 ppm NP9,
with overexpression of superoxide dismutase (sod-4) and glutathione
peroxidase (gpx-6); however, concentration-dependent relationships
were registered only for sod-4. These results suggest that in C. elegans,
locomotion is a better toxicity marker than lethality for the effects of
NP9 at functional level. Nonetheless, the use of sensor strains allows the
detection of molecular changes at concentrations that are more environmentally relevant. Colciencias FP44842-070-2016.

group 8 (94.1±5.3µg/dL) (p<0.05). Alteration in the levels of Zn and Se
recorded in this study indicates that co-administration of acetaminophen and methionine did not ameliorate possible biochemical toxicity
associated with acetaminophen, and thus, may not have any additional
beneficial effects.

2039 Reactivation of Human Serum

Butyrylcholinesterase by Novel Phenoxyalkyl
Pyridinium Oximes after Exposure to
Organophosphorus Compounds

R. H. Nichols, H. W. Chambers, and J. E. Chambers. Mississippi
State University, Starkville, MS.
Dioxin-Like Pollutants and the Cardio-Metabolic
Disease Risk Biomarker Trimethylamine-N-Oxide

M. Petriello, R. Charnigo, A. Morris, and B. Hennig. University of
Kentucky, Lexington, KY.
Cardiovascular disorders are largely caused by genetic and environmental factors. Understanding how these factors intersect to determine individual disease risk is a critical challenge. Well-studied “lifestyle dependent” determinants of increased cardiovascular disease risk
include smoking, physical inactivity, and poor nutrition, but emerging
data now implicate exposures to persistent environmental pollutants as
an important contributor to inter-individual variability in cardiovascular
disease risk. Interestingly, a growing body of knowledge now implicates
the importance of interactions between toxicant exposure and diet.
For example, recently, we published that in preclinical models, exposure to dioxin-like PCBs can increase circulating levels of a diet-derived
biomarker of cardiovascular disease, Trimethylamine-N-oxide (TMAO).
Plasma TMAO levels are strongly associated with coronary artery disease
and diabetes risk in humans. In our preclinical studies, dioxin-like PCBs
strongly increase the enzyme responsible for TMAO production, FMO3,
resulting in amplified increases in TMAO levels. We have now begun
to investigate if these associations between pollutant exposure and
TMAO are evident in the highly exposed Anniston, Alabama population.
We have now used mass spectrometry methods to quantitate TMAO
in archived plasma samples, and have determined via bivariate analyses and multiple linear regression modeling that higher body burden
of dioxin-like pollutants is significantly associated with increased circulating TMAO levels in humans. (Supported in part by NIEHS/NIH grant
P42ES007380)

2038 Interactive Effects of Acetaminophen and

Methionine Co-Administration on Zinc and
Selenium Levels in Female Rats

D. C. Udah2, A. A. Iyanda1, and J. I. Anetor2. 1Ladoke Akintola
University of Technology, Osogbo, Nigeria; and 2University of
Ibadan, Ibadan, Nigeria.
Acetaminophen poisoning is associated with significant morbidity and
mortality, and methionine has been suggested as an effective antidote.
In this study we investigated the effects of methionine-containing
acetaminophen co-administration on selenium and zinc levels for its
possible roles in cellular processes that modulate toxicity. 64 female
wistar rats were divided into 8 groups of eight rats each: Groups 1
and 2 received 350mg/Kg body weight of acetaminophen, and were
sacrificed at time points of 4 hours (peak of absorption) and 16 hours
(peak of toxicity) post dosing respectively. Groups 3 and 4 received
350mg/Kg acetaminophen + 70mg/Kg methionine, and were sacrificed at 4 hours and 16 hours post dosing respectively. Normal saline
was administered to group 5 which served as control for groups 1 - 4
(Acute exposure). Groups 6 and 7 were administered daily with 350mg/
Kg acetaminophen and acetaminophen + methionine respectively for
30 days while group 8 (chronic control) received normal saline and was
sacrificed after 30 days. Serum Se and Zn were determined by atomic
absorption spectrometry. Serum Se levels in groups 1 (189.4±70.1µg/
dL), 2 (170.7±22.7µg/dL), and 3 (174.7±13.5µg/dL) were respectively significantly higher than the control (101.6±2.9µg/dL) (p<0.05) while Zn
levels in groups 1 (71.0±2.0µg/dL), 2 (63.7±3.6µg/dL), 3 (84.5±4.9µg/
dL) were significantly lower than the control (91.4±2.6µg/dL) (p<0.05).
The chronic study revealed higher but not statistically significant levels
of Se in groups 6 (100.4±9.5µg/dL) and 7 (100.4±9.5µg/dL) than the
control, group 8 (99.1±7.3µg/dL) (p>0.05). Groups 6 (64.3±4.7µg/dL)
and 7 (74.4±8.7µg/dL) had significantly lower Zn levels than the control,

Butyrylcholinesterase (BChE) is a serine hydrolase that has been under
recent investigation as an effective bioscavenger of organophosphate
(OP) anticholinesterases. BChE has significant therapeutic potential due
to its high activity in the serum, lack of a known essential physiological
role, and ability to hydrolyze a variety of ester compounds. Our lab has
developed a series of novel phenoxyalkyl pyridinium oximes (US patent
9,277,937) that have demonstrated the ability to reactivate both acetylcholinesterase (AChE) and BChE in rat serum after exposure to different
OP chemistries (nerve agent and insecticidal), therefore suggesting
that BChE could provide an effective pseudo-catalytic mechanism for
detoxifying OPs prior to their reaching the target enzyme AChE. This
study examined the in vitro reactivation potential of these novel oximes
(100μM) on BChE in human serum after exposure to phthalimidyl isopropyl methylphosphonate (PIMP; a sarin surrogate), nitrophenyl ethyl
methylphosphonate (NEMP; a VX surrogate), and paraoxon (PXN; metabolite of parathion) at concentrations of 32nM, 1.78μM, and 3nM, respectively, yielding about 80% inhibition. Percent reactivation ranged from
47-78% against PIMP, 27-70% against NEMP, and 9-67% against PXN. As
a comparison group 2-PAM, the currently approved oxime reactivator in
the US, yielded reactivation of 60%, 30%, and 15% against PIMP, NEMP,
and PXN, respectively. Comparatively in rat serum, these novel oximes
displayed reactivation ranges of 45-73% against PIMP,18-88% against
NEMP, and 33-95% against PXN. Of the 9 oximes tested, oxime number
20 showed the greatest efficacy in human and was greater in human
than in the rat for several OP chemistries, especially VX and sarin surrogates. A broad spectrum reactivator would be of great value to victims
of terrorist attacks and to military personnel. (Support: NIH U01 NS08343)
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2040 Effects of Novel Brain-Penetrating Oxime

Acetylcholinesterase Reactivators on Sarin
Surrogate-Induced Changes in an Array of
Inflammatory Cytokines and Receptors in the Rat
Piriform Cortex

M. E. Dail, E. C. Meek, C. A. Leach, H. W. Chambers, and J. E.
Chambers. Mississippi State University, Mississippi State, MS.
The nerve agent sarin stimulates pro-inflammatory cytokines which are
linked to neurodegeneration in the rodent brain. Our lab developed
novel substituted phenoxyalkyl pyridinium oxime acetylcholinesterase
reactivators (US Patent 9,227,937) that penetrated the rat blood brain
barrier in in vivo tests with a sarin surrogate and reduced the time to cessation of seizure-like behaviors compared to 2-pyridine aldoxime methyl
chloride (2-PAM). To test the ability of the novel oximes to quell sarin
induced brain inflammation, Qiagen’s RT2 PCR Array for Rat Inflammatory
Cytokines and Receptors was used to examine mRNA changes in the
piriform cortex after exposure to a high sublethal dosage of the sarin
surrogate, nitrophenyl isopropyl methylphosphonate (NIMP), followed
by treatment with one of our lead oximes (1 or 20) or 2-PAM. Rats were
administered either 0.325mg/kg NIMP or vehicle (DMSO) subcutaneously. At 1 hour after NIMP exposure, rats were administered 146 µmol/
kg of a novel oxime or 2-PAM (the human equivalent dosage for 2-PAM
from 3 autoinjectors) in vehicle (Multisol) intramuscularly then sampled
2 hours later. This paradigm allowed for comparison of changes caused
by each of the therapeutic mixtures. Piriform cortex total RNA was
used to make cDNA which was mixed with Qiagen’s RT2 SYBR Green
ROX qPCR Mastermix for use on the Stratagene Mx3005P. Data were
analyzed using Qiagen’s RT2 Profiler PCR Array Data Analysis Webportal.
NIMP significantly stimulated the macrophage inflammatory protein,
CCL4 plus IL1alpha, which is associated with inflammatory injury and
IL1beta, which results in increased nitric oxide damage. Novel oxime
treatment resulted in more statistically significant changes in expression
than 2-PAM. All three oximes returned IL1beta levels to normal but none
had any effect on IL1alpha. 2-PAM and oxime 1 brought CCL4 levels
back to normal. Oxime 1 also stimulated TNFSF14 and TNFRSF11B which
are neuroprotective and limit inflammation. These results may help
explain why our novel oximes have greater in vivo efficacy than 2-PAM.
(Partial support from NIH U0INS083430)
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2037 Positive Associations between Serum Levels of

2041 Comparative Kinetics of Inhibition, Proteolytic
Sensitivity and Heat Inactivation of Free and
Nanocomplexed Butyrylcholinesterase

K. Poindexter2, J. Liu2, N. Flynn2, J. Ramsey2, S. Hartson2, A. Ranjan2,
S. Brimijion1, and C. Pope2. 1Mayo Clinic, Rochester, MN; and
2Oklahoma State University, Stillwater, OK.
We previously reported that nanoformulation of recombinant human
BChE with a series of poly-L-lysine (PLL) grafted poly(ethylene glycol)
(PEG) co-polymers (PLL-g-PEG) led to loss of 30-50% enzyme activity
but relatively little effect on sensitivity to in vitro inhibition by the OP
anticholinesterase, paraoxon. Importantly, the nanocomplexed enzyme
acted as a bioscavenger in vitro, inactivating paraoxon in a similar concentration-dependent manner as the free enzyme. We now report the
in vitro effects of nanoformulation on comparative kinetics of catalysis
and inhibition, heat inactivation, and sensitivity to proteases. Human
recombinant BChE was nanocomplexed with one of three PLL-g-PEG
copolymers using different sizes of PLL (30-70 kDa, 15-30 kDa, 4-15 kDa),
all with 10:1 PEG:PLL grafting ratio. Inhibition kinetics was done with
four covalent inhibitors (paraoxon, diisopropylfluorophosphate, pyridostigmine and echothiophate). Enzyme activity was monitored using
a modified Ellman assay with butyrylthiocholine as substrate. Inhibition
constants (ki values) for the free and nanocomplexed enzymes were relatively similar with paraoxon (0-6% reduction), whereas more extensive reductions (23-60% reduction) were noted with other inhibitors.
Nanocomplexed enzymes were less sensitive to heat inactivation, and
showed greater stability to proteases. Together, our data suggest that
nanocomplex formation of BChE with PLL-g-PEG reduces catalytic
activity but has little effect on interaction with paraoxon. In contrast,
inhibition kinetics with DFP, pyridostigmine and echothiophate suggested changes in enzyme-inhibitor interactions with nanoformulation,
potentially influencing bioscavenger efficacy. Nanocomplexed BChE
exhibited increased stability to both temperature- and protease-mediated inactivation. Understanding the unique properties of BChE
nanoformulated with PLL-g-PEG copolymers may lead to enhanced
approaches for use of BChE and other protein bioscavengers. (Supported
by grant HDTRA1-13-1-0042 from the Defense Threat Reduction Agency)

2043 Comparative Kinetic Analysis of Rat and

Human Acetylcholinesterase (AChE) and
Butyrylcholinesterase (BChE) Sources in Blood
after Inhibition with a Sarin or VX Surrogate

S. Dezell, R. Carr, A. Crow, K. Willeford, H. Chambers, and J.
Chambers. Mississippi State University, Mississippi State, MS.
The use of nerve agents continues to be a threat as demonstrated
with the sarin gas used in the Syrian conflict, and remains a concern
with increased terrorism throughout the world. In the United States
the approved antidote involves administration of atropine to block
the effects of the nerve agent and 2-PAM to reactivate inhibited AChE.
Unfortunately, 2-PAM is not an effective in vivo reactivator of AChE
inhibited by sarin or VX in the brain. Our laboratory has developed a
series of brain penetrating patented novel substituted phenoxyalkyl
pyridinium oximes that are effective reactivators of AChE inhibited by
the sarin surrogate, nitrophenyl isopropyl methylphosphonate (NIMP)
and the VX surrogate, nitrophenyl ethyl methylphosphonate (NEMP). A
kinetic analysis of rat and human AChE and BChE sources in blood using
these oximes and surrogates has been performed. The inhibition and
reactivation rates provide information that will help improve our ability
to extrapolate to humans from our rat data. A modified Ellman’s AChE
activity assay using a 96-well plate was used. Michaelis-Menten kinetic
formulas and Lineweaver Burk plots were used to derive kinetic values.
Rat and human erythrocyte AChE demonstrated similar inhibitory rates
with NEMP, but with NIMP the human specimens had inhibitory rates
five times higher. The NIMP human data are contrary to published literature from Worek et al. (2004) where the VX inhibition rate of human
erythrocyte AChE was four times higher than the rate for sarin. Rat and
human plasma AChE demonstrated similar inhibitory rates with NEMP,
but with NIMP the human specimens had inhibition rates were 24 times
higher than rat. Human plasma BChE demonstrated inhibition rates
three times higher with NEMP and 17 times higher for NIMP versus rat
plasma BChE. The concentration of NIMP required to obtain 10 to 90
percent inhibition of human and rat AChE or BChE ranged from 1.4 to
14 times higher then what was required for NEMP. Human AChE or BChE
samples required inhibitor concentrations 2 to 55 times higher then
what was required for the corresponding rat specimens. (Support in part
from NIH U01 NS083430)

2042 Acetylcholinesterase Inhibition Is Not
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Predictive of Seizure Severity or Neuronal
Degeneration in Adult Male Rats Intoxicated
with Diisopropylfluorophosphate (DFP)

E. A. Gonzalez, A. C. Rindy, D. A. Bruun, M. A. Guignet, and P. J.
Lein. University of California Davis, Davis, CA.
Organophosphates (OPs) are known to induce status epilepticus (SE) in
humans and animals, primarily via acetylcholinesterase (AChE) inhibition. However, experimental observations indicate that some individuals exhibit minimal to no seizure behavior upon exposure to a typically
seizure-inducing dose of OP. Therefore, this study examined whether
varying levels of AChE inhibition explain the observed differences in
seizure response. Adult male rats were acutely intoxicated with diisopropylfluorophosphate (DFP, 4 mg/kg, s.c.) followed by a combined injection of atropine sulfate (2mg/kg, i.m.) and 2-PAM (25 mg/kg, i.m.) and
monitored for seizure activity for 4 h post-exposure. At 1, 2, 4, 60, and
120 d post-exposure, AChE activity and neuronal damage were quantified using the Ellman assay and Fluoro-Jade C staining, respectively.
No significant differences in AChE inhibition were measured between
animals with low seizure scores and animals with high seizure scores
at any time point. At 24 h post-exposure, high responding animals
showed significant neuronal damage whereas low responders did not.
However, delayed neuronal damage was observed in low responders
at 4, 60, and 120 d post-exposure. These findings suggest that AChE
activity is not predictive of seizure behavior or neuronal degeneration in
animals intoxicated with DFP, and suggest that SE may not be the only
mechanism contributing to the neuronal degeneration caused by acute
OP intoxication. Supported by the NIH CounterACT program (NS079202);
predoctoral fellowship to MG (NIH GM099608, David and Dana Loury
Foundation).

2044 Modulation of Rat Piriform Cortex Map Kinase

Gene Expression by a Sarin Surrogate and Novel
Substituted Phenoxyalkyl Pyridinium Oxime
Acetylcholinesterase Reactivator

C. Leach, M. Dail, E. Meek, H. Chambers, and J. Chambers.
Mississippi State University, Mississippi State, MS.
The MAP kinase system consists of serine/threonine kinases that allow
for cellular responses to a variety of stimuli including inflammatory
cytokines, neurotransmitters, and various stress conditions. This system
was examined in the rat piriform cortex following exposure to the sarin
surrogate nitrophenyl isopropyl methylphosphonate (NIMP) and one
of our novel substituted phenoxyalkyl pyridinium oxime acetylcholinesterase reactivators (US Patent 9,227,937). It is hypothesized that the
novel oximes may return the gene expression of NIMP-challenged rats
close to the control level. Rats were administered either 0.325 mg/kg
NIMP or vehicle (DMSO) SQ. After 1 hour, either 0.146 mmol/kg oxime
(human equivalent dosage) or vehicle (Multisol) was administered
IM. Tissue was collected 2 hours later. Total RNA was extracted from
the piriform cortex, cDNA prepared and analyzed using Qiagen’s MAP
Kinase Signaling Pathway RT2 Profiler PCR Array. Data were analyzed
via Qiagen’s GeneGlobe Data Analysis Center. Treatment with NIMP
appeared to generally repress gene expression with greater than 2-fold
decreases in expression for the potassium channel genes, Kcnn1 and
Kcnh8; the cytostatic gene, Mos; the neurotransmitter enzyme activator,
Sfn; and Map4k1 which increases after cerebral ischemia. A statistically
significant (p=0.003) 20-fold repression of cyclin-dependent kinase
inhibitor 2a (Cdkn2a) was seen after NIMP exposure but cyclin-dependent kinase inhibitor 1a (Cdkn1a) exhibited a 2-fold stimulation.
Treatment with NIMP followed by the novel oxime returned expression
of these two genes and Kcnn1 close to control levels but caused a statistically significant (p=0.006) decrease in Mos expression. These data
show changes in MAP kinases by NIMP and support that these novel
brain-penetrating oximes may therapeutically alter the expression of
these genes following organophosphate exposure. (Partial support from
NIH U0INS083430)

2-PMPA in Rats Exposed to Soman (GD)

C. Ardinger3, H. McCarren3, J. Liu2, H. Xi2, R. Rais1, B. Slusher1, J.
McDonough3, and J. McCabe2. 1Johns Hopkins Drug Discovery
Program, Baltimore, MD; 2Uniformed Services University of the
Health Sciences, Bethesda, MD; and 3US Army Medical Research
Institute of Chemical Defense, Aberdeen Proving Ground, MD.
Exposure to nerve agents produces a state of prolonged seizure activity
that leads to extensive neuronal death thought to be caused by elevated
aspartate and glutamate levels. The compound 2-phosphonomethyl
pentanedioic acid (2-PMPA) inhibits the breakdown of N-acetylaspartylglutamate (NAAG) into aspartate and glutamate. We hypothesize that
2-PMPA may protect against brain damage in rats exposed to the nerve
agent soman (GD) without necessarily acting as an anticonvulsant. Rats
were randomly assigned to one of six treatment groups: no GD with
saline, no GD with 50 mg/kg 2-PMPA, GD with saline, and GD with 10,
25 or 50 mg/kg 2-PMPA. In GD-exposed rats, seizure onset was determined by appearance of large amplitude spiking in rats implanted
with EEG leads (n = 54) or by behavioral signs (n = 90). Forty min after
seizure onset or 45 min after saline, rats were given their respective dose
of 2-PMPA or saline and 10 mg/kg diazepam. 2-PMPA or saline treatments were repeated 3 and 6 hours later. Brains from rats that survived
for 24 hr were either assessed for damage using fluoro-jade staining
or dissected for NAAG level measurement. Quantitative EEG analysis
measured changes in power and spike rate relative to 10 minutes of
noise-free, awake baseline EEG. No significant differences in delta
power, gamma power, or spike rate were observed for control (no GD)
animals receiving 2-PMPA versus saline. There were also no significant
differences in these measurements between animals exposed to GD.
This suggests that 2-PMPA has no anticonvulsant activity. A repeated
measures ANOVA was conducted to evaluate the differences in the seizure-related behavior scores at 1, 4, and 24 hours post-treatment among
the six groups. This test shows a significant main effect of seizure-related
behavior score (F (2, 150) = 99.66, p < .05). Post-hoc Scheffe tests show a
significant difference in seizure-related behavior scores between control
groups and GD groups (p < .05). Chi-square analyses also showed significant differences in 24 hour survival between control and GD groups.
These findings are consistent with the hypothesis that 2-PMPA is not
anticonvulsant. Histopathology results are pending, but we hypothesize
that 2-PMPA will decrease neuropathology.

2046 Potential Prognostic Value of Circulating

Proteins following Exposure to Soman in the
Sprague-Dawley Rat

K. G. McGarry1, M. C. Babin1, R. A. Moyer1, A. N. Boelk1, G. E. Platoff2,
D. A. Jett2, and D. T. Yeung2. 1Battelle, Columbus, OH; and 2NIH,
Rockville, MD.
Organophosphorus (OP) pesticides and chemical warfare nerve agents
include some of the most potent neurotoxicants known. Acute OP poisoning can lead to neurological complications beginning anywhere from
minutes to weeks post-exposure. Delayed onset syndromes caused by
OP intoxication include intermediate syndrome (IMS) and OP-induced
delayed neuropathy (OPIDN). The etiology of each of these syndromes
is poorly understood and it is currently not possible to reliably predict
which patients will develop them. Identification of biomarkers of neuronal injury following OP intoxication could elucidate the cause of the
delayed onset syndromes and even enable caregivers to predict which
patients are likely to require additional care following an exposure.
The objective of this study was to determine whether the levels of six
candidate protein biomarkers previously implicated in a number of
neuronal insults are affected in rats challenged with the nerve agent
soman (GD). The animals were serially sacrificed and brain (cortex and
midbrain) and blood samples were collected 6 hr, 24 hr, and 72 hr after
challenge. The candidate proteins, which were evaluated by ELISA,
were: Brain Derived Neurotrophic Factor (BDNF), Glial Fibrillary Acidic
Protein (GFAP), Ubiquitin C-Terminal Hydrolase 1 (UCH-L1), N-MethylD-Aspartate Receptor (NMDAR), S-100 Calcium-Binding Protein (S100B),
and Neuron Specific Enolase (NSE). NMDAR1, GFAP, NSE1, and BDNF
yielded results lower than their respective limits of quantitation, or
no significant change in protein levels was observed following nerve
agent challenge. In rats exposed to GD, an approximate 30% decrease
of S100B levels in the serum and in the cortex was observed at each
time point (6 hr, 24 hr, 72 hr). An approximate 2-fold decrease in UCH-L1
in the serum from the GD exposed rats was observed at 72 hrs. In the
cortex and midbrain, UCH-L1 levels were significantly increased at all
three time points. Results from this study suggest that two serum proteins, S100B and UCH-L1, are affected in animals challenged with the
OP nerve agent, GD, and that further investigation of both S100B and
UCH-L1 as potential prognostic biomarkers for OP-induced delayed
onset syndromes is warranted.

2047 Valproate-Ketamine-Midazolam Triple Therapy
Stops Status Epilepticus and Prevents Neuronal
Loss in Soman-Exposed Rats

L. Lumley2, F. Rossetti3, M. Stone2, C. Schultz2, and C. Wasterlain1.
1University of California Los Angeles, Los Angeles, CA; 2USAMRICD,
Aberdeen Proving Ground, MD; and 3Walter Reed Army Institute of
Research, Silver Spring, MD. Sponsor: L. Wright.
Introduction: Chemical warfare nerve agents (CWNA), such as soman
(GD), produce status epilepticus (SE), resulting in extensive neuropathology and long-term performance deficits if seizures are not controlled. Current treatments for GD exposure increase survival, but are
not fully protective especially when treatment is delayed. To identify
a better treatment against pharmaco-resistant seizures caused by GD
exposure, we are using combinations of drugs aimed at reversing the
effects of maladaptive receptor trafficking that follows CWNA exposure.
Methods: Rats were implanted with telemetry transmitters for continuous monitoring of EEG, body temperature and activity. After surgical
recovery, rats were exposed to 1.2 LD50 GD and treated 1 min later with
atropine sulfate and the oxime HI-6 and then 40 min after seizure onset
with the histone deacetylase (HDAC) inhibitor valproate (VAL) with or
without the NMDA antagonist ketamine (VAL/KET), the benzodiazepine
midazolam (VAL/MDZ) or a combination of all three drugs (VAL/KET/
MDZ). Two weeks after exposure, rat brains were sectioned and stained
for neuropathology assessments. Results: Triple therapy with VAL/KET/
MDZ reduced total time spent in seizures (SE + early recurrent seizures)
in the first 72 h and reduced the number of spontaneous recurrent seizures compared to saline-treated or to those that received monotherapy
or bi-therapy. Triple therapy prevented the development of hyperactivity that occurs in the weeks after GD exposure. In addition, triple
therapy prevented loss of GABA interneurons in the piriform cortex
and amygdala and loss of neurons in the piriform cortex, thalamus and
amygdala that follows GD exposure. Conclusion: Triple therapy with
VAL/KET/MDZ had remarkable anticonvulsant, antiepileptic, and neuroprotective effects compared with mono- or bi-therapy in GD-exposed
rats. Triple therapy may be a highly effective approach against pharmacoresistant seizures, such as those caused by GD exposure, and may
allow lower doses, resulting in fewer side effects than are often seen
with large doses of individual drug therapies. (This research was supported by the NIH U01 to Dr. Claude Wasterlain)

2048 Aberrant Adult Neurogenesis in the

Hippocampus Contributes to Functional Deficits
following Soman-Induced Status Epilepticus in
Mice

E. J. Glotfelty, K. Hoffman, M. Stenslik, E. Johnson, K. Schulz, J.
Chandler, and P. McNutt. USAMRICD, Gunpowder, MD.
Exposure to organophosphorus nerve agents (NA) irreversibly inhibits
cholinesterases, resulting in overstimulation of cholinergic receptors at
peripheral and central nervous system (CNS) synapses. In the CNS, nerve
agent-induced cholinesterase blockade produces hypersynchronous
firing of neuron ensembles, ultimately culminating in a prolonged state
of seizure crisis known as status epilepticus (SE). Nerve agent-induced
SE (NASE) leads to devastating damage to the brain, including acute
neurotoxicity and impaired brain function. In most cases, cognitive and
behavioral deficits do not resolve, leaving supportive care as the primary
treatment option. The hippocampal formation is a primary pathological
target of NAs, and the acute loss of pyramidal CA neurons is a well-described outcome of NASE. However, the contributions of other hippocampal pathologies to aberrant cognition have yet to be described.
Here, we evaluated the effects of NASE on functional adult neurogenesis
in the subgranular zone (SGZ) of the hippocampus in soman-exposed
mice. Under physiological conditions, SGZ-derived newborn neurons
integrate into the dentate gyrus within 2-3 wk and are functionally
important for certain types of memory. Immunohistochemistry revealed
a 90% reduction in doublecortin-expressing immature neurons at 21
and 56 d (but not at 1 d) after soman exposure as compared to agematched, vehicle-treated controls. To evaluate the functional consequences of reduced neurogenesis on hippocampal function, high frequency stimulation (HFS) of the medial perforant pathway was used to
induce long-term potentiation (LTP) in DG neurons. While robust LTP
was observed in all vehicle control mice and in soman-exposed mice
at 1 d, LTP was completely eliminated in soman-exposed mice at 21
and 56 d. These data suggest that impaired hippocampal neurogenesis
has both delayed and chronic effects on DG function in NASE survivors.
Ongoing studies are focused on determining the precise mechanism(s)
and timing of impaired neurogenesis.
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2045 Assessing the Neuroprotective Potential of

2049 Soman-Induced Alterations in Plasticity at the

Hippocampal CA1-Schaffer Collateral Synapse
following Acute Nerve Agent Exposure

K. Hoffman, E. Glotflety, M. Nelson, D. Nguyen, M. Eisen, and P.
McNutt. USAMRICD, Gunpowder, MD.
Organophosphate nerve agents (NAs) irreversibly block acetylcholinesterase function, causing accumulation of excess acetylcholine in cholinergic synapses. If untreated, the resulting overstimulation of cholinergic receptors elicits prolonged seizures known as status epilepticus.
Although central nervous system responses to NA have been studied
in animal models using electrical recordings of whole brain activity, the
acute changes in synaptic physiology that are the basis for these pathological circuit dysfunctions have not been well-described. To better
understand the acute synaptic response to NA exposure, we conducted
field recordings at the Schaffer collateral-CA1 synapse in hippocampal
coronal slices following acute soman application. Perfusion of soman
(10 µM) rapidly elicited a stable reduction of field excitatory post-synaptic potential (fEPSP) amplitudes that persisted after wash-out.
The concomitant increase in paired-pulse ratios (PPR) suggests that
soman-induced long-term depression (siLTD) results from decreased
pre-synaptic release probabilities. siLTD was blocked by the co-administration of the non-selective muscarinic receptor (mAChR) antagonist
atropine or the M1 mAChR-selective VU-255035, confirming the role of
cholinergic overstimulation in siLTD. Furthermore, siLTD was refractory
to APV treatment, demonstrating that NMDAR currents are not required
for siLTD. Alternatively, siLTD was completely blocked by AM-251,
which is a reverse agonist of the cannabinoid type 1 receptor (CB1R).
These findings suggest that soman activation of M1 mAChR evokes retrograde endocannabinoid signaling that reduces pre-synaptic release
probability via CB1R. To evaluate the in vivo role of CB1R signaling in
the central response to soman, the effects of CB1R antagonism on survival were evaluated in a mouse soman exposure model. These studies
revealed a protective role for endogenous cannabinoid signaling following soman exposure. Based on these data, we hypothesize that
endocannabinoid signaling represents a possible therapeutic target and
suggests that manipulation of the central cannabinoid signaling system
represents a potential single or adjunctive therapy to mitigate acute and
persistent neurological responses to organophosphate exposure.
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Combination As Treatment for H2S-Induced
Neurotoxicity

Anantharam1,

Whitley2,

Kim1,

Boss3,

P.
E. M.
D.-S.
G.
and W.
Rumbeiha1. 1Iowa State University, Ames, IA; 2Pathogenesis LLC,
Gainesville, FL; and 3University of California San Diego, San Diego,
CA.
Hydrogen sulfide (H2S) is a colorless, highly neurotoxic gas with a rotten
egg odor. It has potential for misuse in chemical terrorism. Acute high
dose exposure of H2S can lead to acute death and neurological sequelae
among survivors. Currently, there is no US FDA approved antidote for
H2S poisoning. Our lab has developed a mouse model of H2S-induced
neurotoxicity for translational research. Cobinamide (Cob) is under
development for treating H2S induced neurotoxicity. However, it is
toxic at 2-4 times the proposed therapeutic dose. In preliminary studies
we have shown that Midazolam (MDZ) increases survival in our mouse
model of H2S poisoning. We also showed that Cob and MDZ combined
were significantly better than either compound alone. None of the mice
treated with Cob and MDZ exhibited seizures during H2S exposure compared to 100% of those injected with saline. The objective of this study
was to further characterize the neuroprotective effects of Cob+MDZ in
our H2S toxicity mouse model. C57BL/6j mice were divided into 5 treatment groups. Mice in group 1 were injected with saline post exposure
to breathing air. Mice in groups 2-5 were exposed to 1000 ppm H2S by
whole body inhalation for 98 (± 16) minutes and then treated with Cob,
MDZ or both. Mice in group 2 received a saline injection IM, 2 min post
H2S exposure, while Cob (100mg/kg BW) or MDZ (4 mg/kg bw) were
injected either individually (group 3 and 4) or together (group 5). Body
weight, behavioral, histopathological, and biochemical changes were
endpoints monitored. Mice treated with Cob + MDZ lost significantly
less weight compared to those injected with saline (p <0.01). Cob + MDZ
showed protection against H2S induced oxidative stress as shown by
4HNE, GFAP, and Iba-1 expression compared to 0.9% saline injected mice
(p<0.05). H2S inhibits cytochrome c-oxidase (cytox) activity. Combined
Cob and MDZ treatment significantly prevented/reversed H2S-induced
inhibition of cytox activity (p<0.05), showing combined protection by
Cob and MDZ. Overall, our studies show combined use of Cob and MDZ
is very effective and protects against H2S induced neurodegeneration.

2051 Novel Substituted Phenoxyalkyl Pyridinium

Oximes Dampen Seizure-Like Behavior against
Lethal Levels of Nerve Agent Surrogates and
Paraoxon in Rats

R. B. Pringle, E. C. Meek, H. W. Chambers, C. A. Leach, R. W. Wills,
and J. E. Chambers. Mississippi State University, Mississippi State,
MS.
Novel substituted phenoxyalkyl pyridinium oximes (US patent
9,277,937), earlier shown to reactivate brain acetylcholinesterase and
provide neuroprotection in rats against high sublethal dosages of surrogates for sarin and VX, have more recently been shown to prevent
lethality against lethal doses of these same surrogates. Additionally,
cessation of seizure-like behavior was observed following novel oxime
therapy in rats administered lethal doses of the two nerve agent surrogates and paraoxon, the active metabolite of the insecticide parathion.
Rats were challenged subcutaneously with 0.6 mg/kg nitrophenyl isopropyl methylphosphonate (NIMP; sarin surrogate), 0.65 mg/kg nitrophenyl ethyl methylphosphonate (NEMP; VX surrogate) or 0.8 mg/
kg paraoxon (PXN), in multisol. No 24 hour survivors remained when
only 0.65 mg/kg atropine (intramuscularly; IM, in saline) was given at
the onset of seizure-like behavior (approx. 30 min; stage 3 on 5 stage
seizure scoring scale). Administration of 2-PAM (0.146 mmol/kg, IM in
multisol, human equivalent dosage) gave moderate 24 hour survival,
but due to its inability to cross the blood-brain barrier, seizure-like
behavior persisted over the 8 hour observational period. The cessation
time of seizure-like behavior (return to stage 1) in surviving animals was
reduced by therapy with novel oximes (numbers 1,15, 20 and 55) alone
or in combination with 2-PAM compared to 2-PAM alone. Seizure-like
behavior ceased by 6 hours on average using novel oxime therapy and
was significantly different from 2-PAM alone for novel oximes 1 and 20
as assessed by survival analysis. Inhibition of brain acetylcholinesterase
in 24 hour survivors was also slightly reduced in novel oxime treated
rats compared to 2-PAM. The earlier cessation of seizure-like behavior
strongly supports penetration of the blood-brain barrier by these novel
oximes, which alleviate the excessive cholinergic activity that results
in seizures and provide neuroprotection. These unique oximes have
notable therapeutic potential as antidotes for organophosphate anticholinesterases via prevention of nerve agent-induced lethality and
early attenuation of subsequent seizures. (Support: NIH U01 NS083430)

2052 Characterization of the Cyanide Antidote

Candidate SAX6 in Two Formulation Forms.
Blood-Brain Barrier (BBB) Penetration,
Size Distribution, In Vivo Efficacy, and
Pharmacokinetics

C. C. Hewa Rahinduwage, R. D. Gaspe Ralalage, I. K. Warnakula, P.
D. K. N., W. Baca, L. Kiss, A. Ebrahimpour, and I. Petrikovics. Sam
Houston State University, Huntsville, TX.
Cyanide (CN) is one of the most threatened toxic chemicals for human.
It causes histotoxic hypoxia by inhibiting the mitochondrial cytochrome
c oxidase enzyme, that catalyzes the oxygen utilization in the cells. As
the brain and heart are the main oxygen consumers, the effects of CN
are more prominent on these organs. CN is converted into the less toxic
thiocyante in the presence of a sulfur donor compound, such as SAX6.
Two different formulations for SAX6 were developed for intramuscular
administration, usable in mass scenario. Formulation 1 (F1) is a dispersion of SAX6 in 15% aqueous polyoxyethylenesorbitan monooleate
(poly 80) solution. Formulation 2 (F2) is a dispersion of SAX6 in a mixture
of poly 80 and sorbitan monooleate (span 80) (1:3 w/w). The concentrations of SAX6 in F1 is 50 mg/ mL and in F2 400 mg/ mL. The BBB penetration of the two formulated SAX6 structures were studied in a BBB
model, Parallel Artificial Membrane Permeability Assay (PAMPA). PAMPA
has two compartments to model the brain side and the blood vessel
side. Those are separated with a BBB lipid impregnated membrane in
between them. The antidote concentrations in the donor and acceptor
wells were determined by HPLC with UV detection. SAX6-F1 showed
much higher speed in traveling to the brain side of the PAMPA in the
first 30 minutes. But after 30 minutes SAX6-F2 showed much higher
travel speed in the brain side. Apparent permeability measurements
after 30 minutes for SAX6-F1 and SAX6-F2 were 18.52 × cm/s and 12.29
× cm/s respectively. Size distribution of the two formulations were measured using dynamic light scattering (DLS) technique (from Zetasizer
Nano ZS). This technique requires an estimate of viscosity of the liquid
for a quality measurement. The viscosity of the two formulations were
measured by a dropping ball viscometer as 2.27 cP (SAX6-F1) and 500.58
cP (SAX6-F2). Each of the SAX6 samples showed a size distribution of
three ranges: 5 - 10 nm, 500 - 800nm and 3000 - 5000 nm. The PK studies
for SAX6-F1 and SAX6-F2 indicated that F1 provides faster absorption
rate to the circulation, and also a slightly higher in vivo efficacy against
CN intoxication.

Survival after Seven Days in a Soman Nerve
Agent Rat Seizure Model

T. P. Thomas1, and T.-M. Shih2. 1Army Research Laboratory,
Aberdeen Proving Ground, MD; and 2USAMRICD, Aberdeen Proving
Ground, MD. Sponsor: J. Dillman.
Chemical warfare nerve agents irreversibly inhibit acetylcholinesterase,
which results in the excitotoxic accumulation of acetylcholine and widespread seizure activity. To minimize neuropathology and death, suppression of seizure activity is critical. Unfortunately, current medical countermeasures have limited efficacy in this respect. Toward developing more
effective treatments, our team has been studying adenosine-based
strategies. Previous work demonstrated that acute treatment with the
A1 adenosine receptor (A1AR) agonist N6-cycloplentaladenosine (CPA)
at 60 mg/kg prevented seizure and improved survival at the 24-hour
endpoint in a rat soman seizure model. However, many of the CPAtreated rats had not fully regained consciousness before euthanasia.
To further assess CPA’s efficacy in promoting long-term survival and
improving functional recovery, this experiment again tested CPA against
soman but extended the endpoint to 7 days. Additionally, the peripherally acting cholinergic antagonist atropine methyl nitrate (AMN) was
given at 2 doses to aid survival. The experiment consisted of 4 groups
of 12 rats. All rats were exposed to soman at a 1.6xLD50 dose. Groups 1
and 2 were control and did not receive CPA (got vehicle) but did receive
AMN at 2 mg/kg (group 1) or 8 mg/kg (group 2) at two time points after
exposure (1 min and 4 hours). Groups 3 and 4 received CPA 60 mg/kg 1
minute after soman and AMN at 2 mg/kg (group 3) or 8 mg/kg (group
4). All control rats (groups 1 and 2) seized within 9 min and exhibited
high lethality. Group 1 had 100% lethality at the 7-day endpoint with
an average survival (standard deviation) of 1.1 (1.09) hours post-exposure. Group 2 had 92% final lethality and average survival of 20.5 (47.12)
hours post-exposure. In contrast, CPA in group 3 prevented seizure in
10/12 rats and delayed seizure in 2/12 rats. Group 4 had no incidence of
seizure. Moreover, survival was significantly improved according to the
Kaplan-Meier survival analysis and log-rank test. At the 7-day endpoint,
66% of group 3 and 25% of group 4 were alive. Average survival time in
group 3 was 120.6 (67.1) hours and 83.3 (50.7) hours for group 4. While
group 3’s average survival was greater than group 4, that difference was
not significant. The results from this study suggest CPA is a promising
medical countermeasure as it promotes long-term survival and suppresses seizure.

2054 Altered Gut Microbiome in a Rat Model following
Exposure to Soman

A. Gautam5, D. Getnet5, R. Kumar3, A. Hoke4, F. Rossetti1, C. Schultz2,
L. Lumley6, R. Hammamieh5, and M. Jett5. 1Clinical Research
Management, Silver Spring, MD; 2Edmond Scientific Company,
Aberdeen Proving Ground, MD; 3Frederick National Lab for Cancer
Research, Frederick, MD; 4The Geneva Foundation, Fort Detrick,
MD; 5USACEHR, Fort Detrick, MD; and 6USAMRICD, Aberdeen
Proving Ground, MD. Sponsor: L. Wright.
Gut microbiota regulates intestinal function and health. Mounting evidence indicates bidirectional signaling between the gastrointestinal (GI)
tract and brain is crucial for maintaining homeostasis. Soman (GD) is a
highly toxic, man-made substance and a potential chemical weapon
as an organophosphorus (OP) nerve agent, which may cause seizures,
respiratory failure, and death. GD interferes with normal functioning
of the mammalian nervous system by inhibiting the cholinesterase
enzyme, resulting in neuropathological abnormalities in various brain
regions, salivation, lacrimation, urination and defecation (SLUD), vomiting and GI distress. We investigated the impact of GD exposure on
the gut microbiome composition and have tested fecal samples and
ileal mucosal microbial content. Rats were exposed to either 0.8 LD50
GD or 1.0 LD50 GD versus a saline control group. Continuous telemetry
evaluated seizure activity. We used an integrated approach combining
16S rRNA gene sequencing in the fecal samples with tissue-associated microbiome composition in the ileum samples. 16S rRNA gene
sequencing revealed that GD significantly perturbed the gut microbiome composition in feces with respect to seizure activity. Based on
rank abundance, Firmicutes and Bacteriodetes were the top phyla in
both GD exposure datasets when compared to the control, followed by
Verrucoomicrobia, Tenericutes and Actinobacteria. Fecal microbial composition exhibit significant variations among GD-exposed rats. Ileum
samples, however, do not display changes in microbial abundance as
per our initial observations. Data analysis is currently underway that may
increase understanding on the gut-brain connections, impacts of GD on
GI microbial composition, and novel insights regarding perturbations of

the gut microbiome and its potential functions by which GD exposure
may lead to or exacerbate human diseases. Disclaimers: Research was
conducted in compliance with the Animal Welfare Act and all other Federal
Requirements. The views expressed are those of the authors and do not constitute endorsement by the US Army.

2055 Persistent Neuropathology in a Rat Model of
Acute OP Intoxication

S. Supasai, D. J. Rowland, H. A. Brad, D. A. Bruun, and P. J. Lein.
University of California Davis, Davis, CA.
Acute intoxication with the organophosphorus (OP) cholinesterase
inhibitor diisopropyl fluorophosphate (DFP) causes seizures that progress to status epilepticus. Aggressive treatment with atropine and
benzodiazepines increases survival but does not protect against longterm morbidity. The pathogenic mechanisms contributing to longterm neurological deficits are not clearly understood. Previous studies
have documented early neurodegenerative and neuroinflammatory
responses, but the persistence of these responses has not been extensively studied. Here, we characterize the long-term neuropathology of
acute DFP intoxication in the absence or presence of post-exposure
administration of diazepam (DZP) or midazolam (MDZ). Adult male rats
were pretreated with pyridostigmine (0.1 mg/kg, im) prior to DFP (4 mg/
kg, sc). Immediately following DFP, animals received atropine (2 mg/kg,
im) and 2-PAM (25 mg/kg, im), and at 40 min post-exposure, animals
were administered DZP (5 mg/kg, ip), MDZ (0.7 mg/kg, im) or vehicle.
Animals were euthanized 3 or 6 months post-DFP. GFAP and S100β
immunostaining of brains from DFP-intoxicated animals that were not
administered benzodiazepine, revealed significant reactive astrogliosis
in the thalamus, CA1, CA3, amygdala and piriform cortex at 3 and 6
months post-DFP. Microglial activation, as detected using dual IBA-1/
CD68 immunostaining, was significantly increased in the thalamus, CA1,
CA3, amygdala, and piriform cortex at 3 months, and in the CA1 and
piriform cortex at 6 months. DZP did not protect against glial activation,
whereas MDZ mitigated astrogliosis in thalamus and CA1 at both time
points, while it reduced microglial activation in CA1, and piriform cortex
only at 3 months. Calcium deposits were detected in the brain of > 75%
rats, as determined by micro-CT imaging and Alizarin Red S staining. At 3
months post-DFP, calcium deposits were visible in the thalamus of DZP,
not MDZ-treated animals. At 6 months, both DZP and MDZ-treated rats
exhibited thalamic calcium deposits. These data indicate that current
medical countermeasures for acute OP intoxication do not effectively
protect against chronic insults, and suggest that persistent neuroinflammation and/or dysregulated calcium homeostasis contribute to longterm morbidity. (Supported by NIH CounterACT grant # NS079202)

2056 Oxime Treatment Offers an Improvement

in Behavior and Survival following
Organophosphorus Nerve Agent or Pesticide
Exposure in a Larval Zebrafish Model

J. A. Koenig, C. Acon-Chen, and T.-M. A. Shih. USAMRICD, Aberdeen
Proving Ground, MD. Sponsor: J. Dillman.
The primary mechanism of action for organophosphorus (OP) compounds is inhibition of the enzyme acetylcholinesterase (AChE). This
leads to a buildup of acetylcholine at the synapse, resulting in numerous
toxic effects: hypersecretions, respiratory distress, convulsions, and in
cases of severe exposure, death. The rodent model has been the go-to
tool for investigating novel medical therapeutics against OP exposure.
This model, however, is inherently expensive and laborious. Zebrafish
offer an additional or alternative system to quickly screen candidate
drugs. In this experiment, we evaluated the ability of oxime treatment
to both improve survival and behavioral outcomes following an acute
exposure to the nerve agents sarin (GB) and cyclosarin (GF) and the pesticide metabolites paraoxon (PO) and chlorpyrifos oxon (CPO) in a larval
zebrafish model. For the lethality experiment, 6 days postfertilization
(dpf) zebrafish larvae were exposed to a solution that contained the
oxime 2-PAM (400 µM), the anticholinergic atropine sulfate (100 µM),
and a range of OP concentrations (0.064-1000 µM) for 60 min. Lethality
was determined at 24 hours postexposure. A protective ratio was calculated by determining the quotient of the ED50 values for the treated
group over the untreated group. These values were GB, 4.1; GF, 1.6;
PO, 2.5; CPO, 1.8, demonstrating the protective efficacy of oxime and
anticholinergic treatment in this model. The behavioral response following OP exposure and oxime treatment was also determined. Six dpf
zebrafish larvae were exposed to an OP for a time and concentration that
was previously determined to maximally inhibit (>97%) AChE activity.
Oxime (2-PAM, MINA, or MMB-4 at 400 µM) treatment was administered
for 20 minutes following OP exposure. Total distance moved over a
50 minute period (20 dark-10 light-20 dark) was measured at 4 and 24
hours after OP exposure. A strong motor response was observed at the
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2053 Acute Adenosine Agonist Treatment Improves

transition from light to dark, which was almost totally ablated in the
untreated control group. Oxime treatment was capable of recovering
this response, with 2-PAM and MINA being most effective. The behavior-recovering efficacy of these oximes correlates with AChE reactivation, as determined previously. The results of these experiments support
the use of the zebrafish exposure model to evaluate novel therapeutics
following OP exposure.

2057 Novel Substituted Phenoxyalkyl Pyridinium

Oxime Reactivators Potentiate Survival
following Exposure to Four Organophosphates
in Rats

E. C. Meek, R. B. Pringle, H. W. Chambers, R. W. Wills, and J. E.
Chambers. Mississippi State University, Mississippi State, MS.

250

The ability of novel substituted phenoxyalkyl pyridinium oximes (US
Patent 9,227,937), previously shown to reactivate inhibited brain cholinesterase following sub-lethal exposures to surrogates of the nerve
agents sarin and VX, were tested for their prevention of lethality against
lethal doses of these same surrogates and two organophosphate insecticide metabolites (paraoxon and phorate oxon). Adult male rats were
challenged with 0.6 mg/kg nitrophenyl isopropyl methylphosphonate
(NIMP; sarin surrogate), 0.65 mg/kg nitrophenyl ethyl methylphosphonate (NEMP; VX surrogate), 0.8 mg/kg paraoxon (PXN) or 2 mg/kg
phorate oxon (PHO) in Multisol subcutaneously along with 0.65 mg/kg
atropine in saline intramuscularly (IM) at time of seizure-like behavior
initiation (about 30 min); this challenge regime was lethal to all animals
within 24 hours. Additional cohorts receiving 0.146 mmol/kg 2-PAM in
Multisol IM at the same time as atropine yielded moderate survival of
40, 33, 50 and 36% for NIMP, NEMP, PXN, and PHO, respectively. Five
of the novel oximes alone administered IM in Multisol yielded 30-65%,
55-85%, and 30-85% survival and a novel oxime in combination with
2-PAM yielded 53-87%, 53-100%, and 43-93% survival for NIMP, NEMP,
and PXN, respectively. Limited testing with novel oximes against PHO
resulted in 10-100% survival for novel oximes alone. Brain cholinesterase inhibition was slightly less (10-15%) in novel oxime treated rats
compared to 2-PAM in the 24 hour survivors. Therefore results suggest
some of these oximes have improved therapeutic potential over 2-PAM
for reactivating brain cholinesterase and preventing lethality following
lethal level exposures to several toxic organophosphates. (Supported by
NIH U01 NS083430)

2059 In Vitro and Ex Vivo Screening of Candidate

Therapeutic Drugs to Restore Neurotransmission
in Synapses Intoxicated by Botulinum
Neurotoxin Serotype A1

P. H. Beske, A. B. Bradford, J. B. Machamer, and P. M. McNutt.
USAMRICD, Aberdeen Proving Ground, MD.
Botulinum neurotoxins (BoNTs) are a family of highly potent toxins that
induce synaptic blockade of neurotransmitter exocytosis. The resulting
flaccid paralysis can cause death by asphyxiation if respiratory muscles
are paralyzed. Currently, no treatments reverse BoNT-induced neuromuscular impairment. While aminopyridines have demonstrated varying
efficacy in providing symptomatic relief from BoNT poisoning, effective doses have exhibited central nervous system toxicity. Therefore,
new treatment strategies are needed to enhance neurotransmission
following BoNT intoxication. Recent studies in our lab suggest that
aminopyridine treatment enhances presynaptic release probability at
non-intoxicated release sites as well as evokes subthreshold toxin-resistant neurotransmission at BoNT/A-intoxicated release sites. Converging
lines of evidence indicate that increased release following aminopyridine treatment results from elevated levels of intracellular calcium
([Ca2+]i). Here, we explore the ability of drugs that modulate presynaptic [Ca2+]i to enhance synaptic communication following BoNT/A poisoning. In networked cultures of neurons comprehensively intoxicated
by BoNT/A, supraphysiologic levels of extracellular Ca2+ or treatment
with [Ca2+]i-modulating drugs restored spontaneous neurotransmission.
Following ex vivo intoxication of mouse phrenic nerve-hemidiaphragm
(PND) preparations with BoNT/A, [Ca2+]i-modulating drugs significantly
prolonged time to full paralysis and increased nerve-elicited muscle
twitch tensions. Single-endplate recordings in PNDs confirmed [Ca2+]
i-modulating drugs restore presynaptic release in BoNT/A-paralyzed
tissues. Collectively, this study provides compelling evidence for the role
of [Ca2+]i in restoring neurotransmission at BoNT/A-intoxicated synapses
and suggests that [Ca2+]i-modulating drugs may represent a novel pharmacopeia for treating botulism. The views in this abstract do not reflect
the official policy of the Department of the Army, Department of Defense, or
the US Government. This project was funded by a USAMRICD CIRAD Award.
The experimental protocol was approved by the IACUC at USAMRICD and
all procedures were performed IAW the principles stated in the Guide for the
Care and Use of Laboratory Animals and the Animal Welfare Act of 1966
(P.L. 89-544), as amended.
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2060 YFP Tagged Ubiquitinase Construct Targeting
2058 Toxicity of Parathion and Simulants for NB41A3
Mouse Cell Line

A. R. Walker. Albany State University, Albany, GA. Sponsor: O.
Olatunde.
Over the years Organophosphorus Compounds (OPC’s) have been used
for protecting crops, livestock, and humans’ health, however, due to
the high toxicity of OPC’s and their status as chemical warfare agents
(CWA’s), toxicity studies have increased. The objective of this experiment is to examine the toxicity at 50 % Lethal Concentration (LC50) of the
four following Organophosphorus Compounds at the cellular level and
examine how the different structure of these chemicals effect the cell
viability: Parathion, Methyl-Parathion, Paraoxon, and Methyl-Paraoxon.
In the experiment mouse NB41A3 neuroblastoma cell line were used
due to the fact that this particular cell line are fairly sensitive to the OPC’s
and they are similar to human cells. The cells were exposed to each compound for 24 hours at the concentrations of 0.05 mM, 0.25 mM, 0.5 mM,
and 1 mM. The 100% mortality for these compounds was obtained at
the level 0.25 mM. Therefore, the concentrations of these compounds
were lowered to 0.05 mM, 0.1 mM, 0.15 mM, 0.2 mM, and 0.25 mM in
order to get 50 % Lethal Concentration (LC50) with the function of exposure time for each concentration. Time variable test will be conducted
for each chemical to evaluate the process these chemicals take on the
cell viability at certain hours. All tests done in the experiment will be
conducted in triplicate and analyzed through both the plate reader and
the UV-Vis Spectroscopy.

Botulinum Toxin A Forstalls Paralysis in Ex Vivo
Studies & Is Stably Expressed in Mouse Brain
Tissue and NMJs

T. Russo2, A. Bradford2, M. Eisen2, D. Nguyen2, M. Lyman2, M.
Nelson2, G. A. Oyler1, and P. M. McNutt2. 1Synaptic Research, Inc,
Edgewood, MD; and 2USAMRICD, Edgewood, MD. Sponsor: P.
McNutt.
Botulinum neurotoxin serotype A (BoNT/A) is an extremely potent toxin
that specifically cleaves the presynaptic protein SNAP-25, blocking
cholinergic neurotransmission. The resulting flaccid muscle paralysis
becomes fatal once respiratory muscles are intoxicated. Currently,
the only US FDA-approved treatment for botulism is passive immunization with antitoxin, which removes the neurotoxin from circulation.
However, antitoxin is ineffective once toxin translocates to the presynaptic compartment. Our goal is to design a novel treatment that blocks
or reverses the catalytic activity of the botulinum neurotoxin light chain
(LC) of serotype A within the presynaptic terminal, thereby providing
a countermeasure that can be utilized following symptomatic onset.
Here we describe the initial validation of a bifunctional designer ubiquitinase (DesUbA), designed to that both block LC catalytic activity and
to ubiquitinate LC, accelerating its proteolysis. DesUbA is composed
of the single-chain antibody B8 VHH and the ubiquitin ligase domain,
TrCP. In preliminary studies conducted in neuroblastoma cells, DesUbA
has been shown to both ubiquitinate LC/A as well as block the catalytic
activity of LC/A. To test DesUbA performance in a physiological model,
C57BL/6J mice were genetically modified to express YFP-DesUbA using
a pan-neuronal Thy1.1 promoter. Stable breeding lines were established
and TFP-DesUbA expression was confirmed in the brain and peripheral
nervous system, including motor neurons and neuromuscular junctions.
To functionally validate the acute effects of DesUbA on LC/A activity,
isometric contractions were measured ex vivo in phrenic nerve-hemidiaphragm (PNDs) intoxicated by BoNT/A. Transgenic PNDs showed
greater than 50% delay in times to median paralysis and full paralysis
as compared to preparations from wild-type mice, suggesting that
DesUbA decreases LC/A activity. The effects of DesUbA expression on
LC/A persistence in vivo are currently under investigation using novel
behavioral models of systemic botulism and local paralysis.

Distribution In Vivo of Free and CopolymerComplexed Butyrylcholinesterase

J. Liu2, N. Flynn2, J. Ramsey2, S. Hartson2, A. Ranjan2, L. Geng1,
S. Brimijoin1, and C. Pope2. 1Mayo Clinic, Rochester, MN; and
2Oklahoma State University, Stillwater, OK.
Butyrylcholinesterase (BChE) is a bioscavenger for organophosphorus
nerve agents, but relatively rapid clearance reduces its efficacy. BChE
nanoformulation approaches may increase circulatory residence time.
Stable BChE-containing nanocomplexes were assembled by incubating
human recombinant BChE with a grafted poly-L-lysine/poly(ethylene
glycol) copolymer (PLL-g-PEG), followed by crosslinking with glutaraldehyde. In some cases, an erythrocyte (RBC) cell surface protein-reactive ligand (a single chain antibody TER-119 or the peptide, ERY1) and/
or a cell penetrating peptide (low molecular weight protamine, LMWP)
were attached. Mouse RBCs were incubated with free enzyme or nanocomplexes for 1 or 4 h at 37°C and then assayed for BChE activity. Free
BChE showed little binding to RBCs while nanocomplexes exhibited
concentration-related binding (maximal binding, about 15% of total
activity added). Attachment of TER-119 or ERY1 increased binding
further, and LMWP (in particular combined with ERY1) showed highest
binding (about 28% of total). Mice treated (sc) with free or nanocomplexed BChE both showed peak blood BChE activity levels at 12 h, but
much lower activity with the nanocomplexes. Neither changing PLL size,
PEG grafting ratio, nor adding ERY1 and/or LMWP markedly increased
blood BChE levels following nanocomplex treatment. At 72 h, blood
contained the highest level of activity after free enzyme administration, while skin and muscle/fat near the site of injection showed the
highest BChE activity after nanocomplex dosing. Our findings demonstrate that these BChE nanocomplexes bind tightly to RBCs, and attachment of ligands that bind to RBC surface proteins and/or penetrate the
membrane can further increase binding. Interestingly, subcutaneously
administered nanocomplexes appeared “trapped” near the site of injection. Intravenous administration may afford the best opportunity for
nanocomplex binding to RBCs in vivo, with the potential for increasing
and prolonging peak BChE levels. (Supported by grant HDTRA1-13-1-0042
from the Defense Threat Reduction Agency)

2062 Characterization of a Mouse Model of

Tetramethylenedisulfotetramine (TETS)-Induced
Status Epilepticus

C. A. Boosalis1, E. A. Gonzalez1, D. Zolkowska2, D. A. Bruun1, J.
L. Silverman2, M. A. Rogawski2, D. J. Rowland1, and P. J. Lein1.
1University of California Davis, Davis, CA; and 2University of
California Davis, Sacramento, CA.
TETS is a potent convulsant rodenticide that is considered a credible
chemical threat agent. Humans exposed to TETS can exhibit acute seizures, status epilepticus (SE) and death, and survivors are reported to
be at increased risk for developing behavioral deficits. Emerging evidence suggests that persistent neuroinflammation contributes to deficits in cognitive, psychomotor and affective behaviors; therefore, in this
study we assessed neuroinflammatory responses and various behaviors in a mouse model of TETS-induced SE. Adult male NIH Swiss mice
were injected with riluzole (10 mg/kg, ip) 10 min prior to injection with
a lethal dose of TETS (0.2 mg/kg, ip). TETS-intoxicated animals exhibited >1 h of persistent seizure activity as assessed by electroencephalography and behavioral observation. In the absence of rescue therapy,
~90% of the animals died by 24 h post-TETS exposure. Midazolam (1.8
mg/kg, im) administered 40 min after the initiation of seizure activity
increased survival at 24 h post-TETS to > 75%. However, in vivo imaging
using MRI (T2w) and PET (TSPO labeling) suggests that rescue therapy
did not protect against seizure-induced neuroinflammation. Correlative
histology revealed time-dependent reactive astrogliosis and microglial activation as determined by GFAP and Iba-1 immunoreactivity. The
magnitude of the neuroinflammatory response was positively correlated
with the duration of seizure, and in the animal with the most severe
seizure, the robust neuroinflammatory response coincided with significant neurodegeneration, as indicated by positive FJC staining. Animals
that survived TETS-induced SE demonstrated increased anxiety-like
behavior and acoustic response deficits. Collectively, these studies identify a potential mouse model that will allow us to further assess the efficacy of candidate therapeutics for stopping TETS-induced SE and protecting against delayed and persistent neurological sequelae. This work
is supported by the NINDS CounterACT Program (grant U54 NSS079202).

2063 Screen of Mechanistically Diverse Compounds
for Neuroprotective Potential in a Rat Model
of Acute Diisopropylfluorophosphate (DFP)
Intoxication

M. A. Guignet1, D. A. Bruun1, Y.-H. Tsai1, A. Rindy1, S. H. Hwang1, A.
A. Pieper2, and P. J. Lein1. 1University of California Davis, Davis, CA;
and 2University of Iowa Carver College of Medicine, Iowa City, IA.
Current medical countermeasures for acute organophosphate (OP) poisoning are limited by narrow therapeutic windows and predominantly
only effective at protecting against peripheral indications. There is
therefore an urgent need for treatments that protect against the persistent brain damage downstream of acute OP-induced cholinergic
crisis. Therefore, we used a rat model to screen ten pharmacologically
distinct compounds for efficacy in attenuating the robust neuroinflammatory and neurodegenerative response elicited by acute intoxication
with DFP. Adult male Sprague-Dawley rats were treated with a single
dose of DFP (4 mg/kg, sc), followed by a combined injection of atropine
sulfate (2 mg/kg, im) and pralidoxime (2-PAM) (25 mg/kg, im) to rescue
animals from peripheral cholinergic symptoms. Each test therapeutic
was administered in the absence or presence of the anti-seizure drug
midazolam (1.8 mg/kg, im) at 40 min post DFP. The test therapeutic was
then administered once daily for 1 week, at which time animals were
euthanized and brains collected for histological analyses of neurodegeneration and neuroinflammation. FluoroJade C staining revealed that
daily treatment with the neuroprotective molecule P7C3-A20 (10 mg/
kg, ip) reduced neurodegeneration in the somatosensory cortex when
given without midazolam. In addition, combined administration of midazolam with the ryanodine receptor antagonist dantrolene (10 mg/kg,
im) provided enhanced neuroprotection in the somatosensory cortex
and hippocampus relative to midazolam alone. Immunohistochemical
analysis revealed that the dual soluble epoxide hydrolase/COX2 inhibitor, 21i (10 mg/kg, ip), significantly attenuated microglial activation
in the cortex when administered in the absence of midazolam. These
preliminary data implicate multiple pathways in DFP-induced neurologic damage, suggesting that combined therapies will be needed to
adequately protect the brain following acute OP intoxication. Funding:
NIH CounterACT program (NS079202); predoctoral fellowship to MG (NIH
GM099608, David and Dana Loury Foundation).

2064 Dual Effects of 3,4-Diaminopyridine on

Neurotransmission in Diaphragmatic Motor
Nerve Terminals Poisoned by Botulinum
Neurotoxin Serotypes

A. B. Bradford, J. B. Machamer, T. M. Russo, and P. M. McNutt.
USAMRICD, Gunpowder, MD.
Botulinum neurotoxins (BoNTs) are exceedingly potent neurological
poisons that block cholinergic release in the peripheral nervous system.
The ensuing neuromuscular paralysis results in death by asphyxiation
once respiratory muscles are affected. While there are currently no antidotes that block toxin activity within the nerve terminal, aminopyridine
antagonists of voltage-gated K+ channels have been proposed as symptomatic treatments for botulism toxemia. However, the mechanisms
by which aminopyridines restore neurotransmission in BoNT-poisoned
nerve terminals have not been determined. Here we explored the
effects of 3,4-diaminopyridine (DAP) treatment on nerve-elicited neurotransmission in phrenic nerve:hemidiaphragm preparations intoxicated
with physiological doses of BoNT serotypes A, B and E. DAP transiently
enhanced contraction strength and prolonged diaphragmatic function under both twitch and burst stimulation conditions, with greater
efficacy associated with stimulation conditions that caused presynaptic facilitation. DAP treatment became less effective as intoxication
progressed, with minimal efficacy in severely paralyzed diaphragms.
Single-endplate recordings revealed that DAP augments neurotransmission by increasing release probabilities at non-intoxicated release
sites, providing a mechanistic basis for the inverse correlation between
DAP efficacy and degree of intoxication. These data suggest that the
predominant physiological effect of DAP on diaphragm function results
from increased release at non-intoxicated release sites. However, we
also observed persistent emergence of low-amplitude endplate potentials in fully BoNT/A paralyzed diaphragms treated with DAP, which
appeared resistant to intoxication and therefore may represent a novel
therapeutic modality. This toxin resistant mechanism does not appear
to be present in tissue fully intoxicated with BoNT/B or BoNT/E, further
refining the possible mechanisms involved. Collectively, these findings
have significant implications for development of DAP as a botulism therapeutic and provide a mechanistic explanation for variability among
clinical studies.
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2061 Erythrocyte Binding In Vitro and Tissue

2065 Differential Seizure Susceptibility to GABAA
Receptor Antagonists in Larval Zebrafish

S. B. Bandara, D. H. Feldman, G. W. Miller, and P. J. Lein. University
of California Davis, Davis, CA.
The GABAA receptor (GABAAR) antagonist pentylenetetrazole (PTZ) has
been shown to trigger seizure-like behavior in zebrafish (Danio rerio)
larvae. But whether other GABAAR antagonists, such as tetramethylenedisulfotetramine (TETS) and picrotoxin (PTX), which are potent convulsants in mammalian models, similarly trigger seizures in larval zebrafish
has not been previously reported. At 5 days post fertilization (dpf),
tropical 5D, Tupfel longfin and NHGRI wildtype zebrafish were acutely
exposed to TETS, PTX or the positive control PTZ added to fish water.
Behavior was recorded for 20 min post-exposure using the Noldus automated tracking system. Exposure to TETS, PTX and PTZ resulted in a
concentration-dependent sequence of behavioral changes in all three
wild-type fish, progressing from hyperactivity (Stage 1) to whirlpool-like
swimming (Stage 2), and culminating in clonic-like convulsions and
immobility (Stage 3). The potency rank order to induce a stage 2 seizure
reveals TETS to be the most potent followed by PTX and then PTZ.
Furthermore, TETS was ~1000 fold more potent at inducing stage 2 seizures than either PTX or PTZ, and PTX-exposed zebrafish exhibited a significantly increased latency to stage 2 seizures relative to TETS-exposed
animals. Extracellular field potential recordings obtained from the optic
tectum of 5 dpf zebrafish embedded in agarose confirmed that acute
exposures to all three GABAAR antagonists elicited extracellular spiking
patterns consistent with seizure activity, although the pattern varied
between the individual GABAAR antagonists. Post-exposure treatment
with the anti-seizure benzodiazepines, diazepam or midazolam, attenuated seizure behavior but failed to abolish aberrant extracellular spike
activity. This systematic evaluation of seizures following acute intoxication with GABAAR antagonists reveals that mechanistically similar
convulsants exhibit different potencies and elicit unique electrographic
discharges that are inadequately controlled by current medical countermeasures. These data are consistent with observations of TETS and PTXinduced seizures in mammalian models, validating the zebrafish as a
higher throughput screening platform to identify improved anti-seizure
therapies. (Supported by NIH CounterACT grant # NS079202 and National
Center for Advancing Translational Sciences, NIH award TL1 TR000133)
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Corneal Endothelium following In Vivo Ocular
Sulfur Mustard Exposure: Towards a New
Understanding of Corneal Injury Progression

M. Eisen, D. Nguyen, E. Glotfelty, M. Nelson, M. Lyman, T. Hamilton,
and P. McNutt. USAMRICD, Gunpowder, MD.
US Army Medical Research Institute of Chemical Defense Sulfur mustard
(SM) reactivity within biological tissues is rapid and irreversible, and
consequently current treatment strategies are focused on mitigating
pathological host responses and promoting healing. However, therapies
to preserve the corneal epithelium and reduce inflammation following
ocular exposures have been ineffective in preventing chronic symptoms
of mustard gas keratopathy (MGK). Hypothesizing that SM toxicity to
the non-regenerative corneal endothelium may present a novel injury
modality that could explicate ocular SM injury progression, we characterized long-term effects of corneal exposure to SM vapor on the corneal
endothelium in rabbits. Convergent methods revealed that ocular SM
exposure causes acute endothelial toxicity and disruption of endothelial
barrier function. Furthermore, MGK eyes exhibit long-term endothelial
pathologies consistent with the endothelial-to-mesenchymal transition
that is associated with endothelial failure. None of these features were
observed in SM-exposed eyes that fully recovered. Importantly, the
extent of endothelial toxicity was determinative of MGK development.
The association of endothelial pathologies with MKG suggests that SM
damage to corneal endothelial cells provides a novel mechanistic basis
for ocular injury progression. Based on these findings, we hypothesize
that (a) the severity of acute SM injury is determined by the degree of
endothelial damage and (b) the efficiency of endothelial repair influences whether corneas resolve or develop MGK. These hypotheses
explain the dose-dependence of corneal SM symptoms and predict
that treatments to reduce endothelial toxicity or promote endothelial
recovery will reduce or eliminate acute and chronic manifestations of
corneal SM exposure.

2067 Structural and Functional Changes in the Lung

following Exposure of Mice to Nitrogen Mustard
Are Correlated with Macrophage Phenotype

V. Sunil, K. Vayas, J. Cervelli, M. Goedken, R. Malaviya, H. Abramova,
H. Abramova, A. Gow, J. Laskin, and D. Laskin. Rutgers University,
Piscataway, NJ.
Nitrogen mustard (NM) is a cytotoxic vesicant known to target the lung,
causing acute injury which progresses to fibrosis. In these studies we
developed a murine model of NM induced lung injury with the goal of
assessing the role of macrophages in the pathogenic response. C57Bl6/J
mice were treated with NM (0.08 mg/kg) or PBS control intratracheally.
Bronchoalveolar lavage (BAL), alveolar macrophages and lung tissue
were collected 3d, 14 d and 28 d later. NM exposure induced time-related histopathologic changes in the lung including alveolar thickening,
perivascular inflammation and bronchiolar epithelium hyperplasia,
along with interstitial fibroplasia and fibrosis which were most notable
at 14 d. Time related increases in enlarged foamy macrophages were
also observed in the lung. This was associated with a rapid and persistent increase in total BAL cell, protein and phospholipid content, and
surfactant protein (SP)-D levels. At 3 d and 14 d post NM, expression of
iNOS and TGFβ was also upregulated in lung macrophages. Flow cytometric analysis showed that macrophages accumulating in the lung 3
d and 14 d post NM were CD11b+Ly6G-F4/80+Ly6Chi pro-inflammatory
macrophages, while at 14 d and 28 d, macrophages were CD11b+Ly6GF4/80+Ly6Clo anti-inflammatory. At 3 d post NM, increases in F4/80+
monocytic and F4/80- granulocytic CD11b+Ly6G+Ly6C+ myeloid derived
suppressor cells (MDSC) were also observed in the lung. NM-induced
structural and inflammatory changes were accompanied by increases
in total lung resistance, tissue damping and elastance and decreases
in compliance and static compliance. These data demonstrate that NM
induces structural and functional changes in the respiratory tract of
mice. Moreover, these changes are associated with a sequential accumulation of proinflammatory/cytotoxic and anti-inflammatory/wound
repair macrophages in the lung. Support: NIH AR055073, ES004738 and
ES005022

2068 Suppression of Nitrogen Mustard-Induced
Inflammatory Macrophage Activation by
Gadolinium Chloride

A. Murray, A. Venosa, A. J. Gow, J. D. Laskin, and D. L. Laskin.
Rutgers University, Piscataway, NJ.
Nitrogen mustard (NM) is a cytotoxic alkylating agent known to cause
acute lung injury which progresses to fibrosis. This is associated with a
sequential accumulation of proinflammatory /cytotoxic M1 and anti-inflammatory/wound repair M2 macrophages in the lung which have
been implicated in disease pathogenesis. Gadolinium chloride (GdCl3)
is a rare earth metal which suppresses M1 macrophage activation. In
these studies we used GdCl3 to assess the role of proinflammatory
macrophages in NM-induced inflammation and oxidative stress. GdCl3
was administered i.v. (7 mg/kg) to male Wistar rats 24 hr prior to i.t.
instillation of PBS or NM (0.125 mg/kg). Lung tissue and macrophages
were collected 3 d later. NM exposure resulted in increased numbers of
CD11b+ inflammatory macrophages in the lung. Flow cytometric analysis revealed that these cells consisted of immature CD43+ proinflammatory macrophages and mature CD43- anti-inflammatory macrophages.
PrimeFlow® RNA analysis demonstrated that CD43+ cells accumulating
in the lung after NM expressed inducible nitric oxide synthase (iNOS), an
enzyme mediating the generation of cytotoxic reactive nitrogen species.
Whereas GdCl3 administration had no significant effect on NM-induced
increases in CD11b+ cells in the lung, a two-fold decrease in immature
CD43+ proinflammatory macrophages and reduced iNOS expression
were observed. Conversely, following GdCl3 administration, increased
numbers of CD68+ and CD163+ anti-inflammatory M2 macrophages
were noted in histologic sections. These data demonstrate that GdCl3
effectively decreases the proinflammatory macrophage response to NM,
resulting in increases in anti-inflammatory macrophages and reduced
oxidative stress. These findings may be useful in the development of
therapeutics aimed at mitigating NM-induced lung inflammation and
injury. Supported by NIH Grants AR055073, ES004738 and ES005022

Signaling Pathway to Pulmonary Fibrosis in
Rats Exposed to Sulfur Mustard Inhalation Lung
Injury

M. D. McGraw, J. S. Rioux, R. Garlick, L. Murphy, R. C. Rancourt, C.
W. White, and L. A. Veress. University of Colorado Denver, Aurora,
CO.
Rationale: Sulfur mustard (SM) is an alkylating, chemical warfare agent.
Individuals exposed to SM experience significant, long-term lung
diseases (Ghanei M et al. Respir Med 2008). The mechanism of how
SM-inhalation injury leads to chronic lung disease is poorly understood.
One hypothesis is SM-inhalation injury upregulates the Notch signaling
pathway, which increases fibroblast and macrophage recruitment contributing to pulmonary fibrosis. Methods: Male Sprague-Dawley rats
were exposed to SM (1.0-1.4 mg/kg). Oxygen saturations and respiratory symptom scores were measured daily for the study’s duration (28
days). Animals were euthanized at sequential time points after exposure. Qualitative real-time polymerase chain reaction (RT-PCR) was used
to evaluate for changes in selected gene expression levels in the Notch
signaling pathway. Immunofluorescent staining was also performed to
assess changes in expression of activated Notch intracellular domain
protein (NICD), transforming growth factor-beta1 (TGF-β1) and platelet-derived growth factor receptor-alpha (PDGFR-α) in lung sections after
injury. Results: RNA levels of ligand Jagged 1 (JAG1), receptors NOTCH1
and NOTCH3, and effector gene HES1 were increased in SM-exposed rat
lung homogenates compared to naïve controls. Other Notch ligands
(NOTCH2, NOTCH4) and effector genes (HEY1, HES5) were decreased
and remained low for the study’s duration. Staining demonstrated
increased NICD expression within 7 days of exposure. Co-staining for
PDGFR-α and TGF-β1 demonstrated increased signaling near areas of
NICD activation. After 14 days, NICD signaling decreased while signaling
for PDGFR-α and TGF- β1 persisted. Masson’s trichrome staining weeks
after exposure further confirmed the presence of collagen in areas of
increased PDGFR-α and TGF- β1 signaling. Conclusions: Increased
RNA expression of certain Notch ligands, receptors and effector genes
suggest that the Notch signaling pathway plays a role in airway remodeling after SM-inhalation injury in rats. Changes in Notch RNA expression precede changes in PDGFR-α and TGF-β1. Increases in PDGF and
TGF-β1 signals were sustained weeks after exposure. Targeting of the
Notch signaling pathway may prevent chronic airway remodeling after
SM-inhalation injury directed by the profibrotic cytokines PDGF and
TGF-β1.

2070 Mast Cell Stabilization Is Associated with

Reduced Inflammation in Mouse Skin following
Sulfur Mustard-Induced Injury

L. B. Joseph4, G. M. Composto4, D. E. Heck3, R. P. Casillas2, N. D.
Heindel1, C. J. Lacey1, C. D. Guillon1, C. R. Croutch2, D. L. Laskin4,
and J. D. Laskin4. 1Lehigh University, Bethlehem, PA; 2MRIGlobal,
Kansas City, MO; 3New York Medical College, Valhalla, NY; and
4Rutgers University, Piscataway, NJ.
Sulfur mustard (SM, bis(2-chloroethyl sulfide)) is a potent vesicating
agent known to cause skin inflammation and blistering. Evidence suggests that inflammatory cells and mediators they generate are important
in the pathogenic response to SM. In the present studies we investigated the role of mast cells in SM-induced skin injury using a murine
vapor cup model of exposure. Mast cells, identified by toluidine blue
staining, were localized in the dermis, adjacent to dermal appendages
and at the dermal/epidermal junction. In control mice, approximately
47-62% of the mast cells were degranulated. Treatment of mice with SM
(1.4 g/m3 in air for 6 min) resulted in increased numbers of degranulated
mast cells (82-90%) at 1-14 days post-exposure. This was associated with
increased expression of inflammatory markers including tumor necrosis
factor-α, interleukin-1β, myeloperoxidase, cyclooxygenase-2 (COX-2)
and inducible nitric oxide synthase. Treatment of mice with an indomethacin prodrug linked to an aromatic ester-carbonate that targets
cyclooxygenases (COX) enzymes which generate proinflammatory eicosanoids, and 3,3-dimethyl-1-butanol, a choline bioisostere that inhibits
acetylcholinesterase (1% in an ointment, twice daily) was found to
reduce mast cell degranulation from 90% to 45% 1-3 days post SM and
from 80% to 40% 7-14 days post SM. This was associated with a decrease
in SM-induced double stranded DNA damage, as indicated by a reduction in epidermal cell expression of phospho-H2A.X, as well as expression of markers of inflammation including COX-2 and myeloperoxidase.
Taken together, these data suggest that the bi-functional indomethacin
prodrug reduces inflammation, at least in part, by reducing degranulation of mast cells. The use of inhibitors of mast cell degranulation
may be an effective strategy for mitigating skin injury induced by SM.
(Supported by NIH/NIEHS grants AR055073, ES005022, and T32ES007148)

2071 Sequential Expression of SPARC and Hevin

Modulate the Healing of Mustard-Induced Skin
Wounds

Y.-C. Chang, H.-Y. Chang, R. Hahn, M. K. Gordon, and D. R.
Gerecke. Rutgers University, Piscataway, NJ.
Sulfur mustard (SM) and its analog nitrogen mustard (NM) are potent
bifunctional alkylating agents. Dermal toxicity of the mustard agents
includes separation of the epidermis and dermis, prolonged inflammation and delayed wound healing. SM crosslinks proteins and DNA and
alters cell adhesion of basement membrane molecules to induce skin
blisters. Matricellular proteins (MPs) including SPARC and hevin (aka
SPARC-like 1) help modulate cell-matrix interactions during healing.
Hevin can be cleaved by proteinase ADAMTS4, a disintegrin and metalloproteinase with thrombospondin motifs 4. This cleavage produces
a SPARC-like fragment (SLF) which is essential to tissue development
and wound healing. The expression and removal of MPs is controlled
in normal healing, but may persist in chronic skin wounds. The timing
of MP deposition in the matrix of the provisional wound bed, and its
removal from the provisional matrix may play a role in the delayed
repair of mustard injury. The basement membrane zone (BMZ) marker,
laminin 332 (LM332), SPARC, hevin, and ADAMTS4 were examined over
the course of 10 days after exposure of mouse dorsal skin to 5 µmoles
NM. In unexposed controls, immunofluorescence (IF) analysis of LM332
showed continuous staining across the BMZ, with minimal staining of
SPARC,and hevin. At 1 day post NM-exposure, H & E staining showed
characteristic dermal-epidermal separations, while IF showed a spotty
discontinuous pattern for LM332. Strong staining of SPARC appeared
throughout the BMZ. Hevin staining was less intense than SPARC at this
time point. Increased IF levels for hevin were present in the hyperplastic
epidermis at 3 days post-NM. By days 7-10, hevin stained throughout the
hyperplastic epidermis. WB analysis confirmed the sequential deposition
of SPARC and hevin in NM injured skin. SPARC showed a 43 kDa band at
1 day, and hevin showed both full length (130 kDa) and fragments (75,
66, and 43 kDa) at 1-10 days post NM exposure. In addition, activated
forms of ADAMTS4 were observed in NM exposed skin samples with
bands at 75, 60, and 50 kDa by WB. Dual IF staining showed ADAMTS4
was co-localized with hevin in the BMZ and in the basal keratinocytes.
This suggests hevin may be processed by ADAMTS4 to produce SLF for
wound repair in our injury model. Overall, MPs in the BMZ of NM injured
skin may play a role in modulating the delayed wound repair of vesicant
induced injury. (Grant funding supported by ES005022, T32ES007148, and
NIAMS U54AR055073)

2072 Evaluation of a First Generation Dermal

Decontamination Gel (ddgel) In Vitro Human
Skin

X. Hui, H. Zhu, A. Elmahdy, Y. Cao, Y. Zou, and H. I. Maibach.
University of California San Francisco, San Francisco, CA.
This study evaluated decontamination efficacy and mechanism of
dermal decontamination gel (DDGel) to toxic chemicals including
chemical warfare simulants in vitro human skin.DDGel formulation
and/or its active ingredients investigated with 20 14C-labeled chemical
warfare simulants, drugs, and environment/industrial chemicals with
in vitro human skin (and its protein and lipids components) to evaluate decontamination efficiency (absorbance/ binding, reducing skin
absorption-penetration) and detoxification action (acetylcholinesterase levels). Results showed that DDGel and its major polymers show
similar behavior (pattern) as human stratum corneum in binding and
partitioning of chemicals with different hydrophilicity or lipophilicity.
Decontamination effect equals or higher than currently commercial
decontamination agents, which works not only on short dermal exposure (post 30 min or less) but also in delayed decontamination (after
1 - 2 hours). DDGel functions in both normal and hairy skins. DDGel
and its major components can also reduce chemical toxicity such as
acetylcholinesterase inhibition. In conclusion, DDGel is nano-polymer
materials based skin decontamination gel which quickly dries to form
an easily peel off film. It competitively binds and absorbs chemicals with
various physicochemical properties. It not only removes skin surface
chemical residue but also reduces stratum corneum chemical reservoir.
The later function explains why DDGel effectively works on delayed skin
decontamination, especially in contaminated hairy skin with chemicals
storage in hair follicles. DDGel also shows an important detoxification
function - reducing acetylcholinesterase inhibition. Further in vivo evaluations are necessary to improve and validate the skin decontamination
formulation. Project supported by Defense Threat Reduction Agency (DTRA)
Grant: HDTRA1-14-0005 UCSF (BRBAA11-PerC-9-2-0054 - Base).
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2069 Kicking It Up a ‘Notch’: Contribution of the Notch

2073 Fluorescent Detection Method for the Cyanide
Antidote SDX6 Using a Sulfane Sulfur Probe

R. D. Gaspe Ralalage1, C. C. HewaRahinduwage1, K. Veltman1,
B. Logue2, T. David1, I. Petrikovics1, and A. Ebrahimpour1. 1Sam
Houston State University, Huntsville, TX; and 2South Dakota State
University, Brookings, SD.
Cyanide (CN) is a rapidly acting toxicant which interferes with the
aerobic respiration. CN prevents the cell oxygen utilization by inhibiting
the mitochondrial cytochrome c oxidase enzyme. SDX6 is one of the
potential cyanide antidotes under investigation in our lab. SDX6 can
be measured at concentrations above 1 μg/ml by UV/Vis detection in
high performance liquid chromatography (HPLC). To detect lower concentrations a fluorescence method has been developed. SDX6 itself is
not a fluorescent active molecule. To produce fluorescence, a fluorescent probe is needed. Sulfane sulfur probe 4 (SSP4) is one of the fluorescent probes which is not a fluorescent active molecule by itself. Once
it bounds selectively with a sulfane sulfur molecule, it produces a fluorescent active molecule called fluorescein, which can emit strong green
fluorescent. The mixture of SSP4 in water (10 mM, 300 µL) and SDX6 in
acetonitrile (1 µg/mL, 3 mL) were scanned for excitations and emissions
with the wavelengths between 200-900 nm using a fluorometer. The
best absorption and emission combination was found to be 280/309
nm. Based on this excitation and emission wavelengths, a calibration
curve was constructed for varying concentrations of SDX6 (0.1, 0.2, 0.3,
0.5 µg/mL) (R2 of 0.9757). This method has been extended to HPLC with
fluorescent detection. The fluorescent adduct from SSP4 in water (10
µM, 50 µL) and SDX6 in acetonitrile (0.1 - 0.6 µg/mL, 500 µL) was analyzed by fluorescence detection in HPLC. The adduct’s HPLC peak at 16
min was directly proportional to the SDX6 concentrations in the range
of 0.1 - 0.6 µg/mL. (R2 of 0.9948). This method can serve as a sensitive
analytical method for further pharmacokinetics studies for sulfane sulfur
type cyanide antidotes.

2074 Transcriptomic Profile Analysis in Brain Inferior
Colliculus during Acute Hydrogen Sulfide
Exposure
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D. Kim1, P. Anantharam1, E. M. Whitley2, G. Li1, and W. K.
Rumbeiha1. 1Iowa State University, Ames, IA; and 2Pathogenesis
LLC, Gainesville, FL.
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Hydrogen sulfide (H2S) is a gaseous molecule produced endogenously
and in the environment. Endogenously, it plays important roles in many
physiological functions. Nonetheless, acute exposure to high concentration of H2S causes severe damage in brain and induces long-term neurological disorders. The cellular and molecular mechanisms underlying
the H2S-induced dysfunction of central nervous system have not yet
been clearly elucidated. To better understand the mechanisms of H2Sinduced neurodegeneration, we performed RNA sequencing analysis
to identify differentially expressed genes (DEG) and pathways that contribute to H2S-induced neurotoxicity. C57BL/6j black mice were exposed
by whole body inhalation to 765 ppm of H2S for 1, 2 or 4 days for 40 min
on the first day and 15 min on subsequent days. The H2S-treated group
showed behavioral motor deficits and developed lesions in inferior colliculus (IC) in the brainstem, among other regions. The IC was dissected
at 2 hr post H2S exposure for each group and used for the transcriptomic
analysis. RNA-Seq libraries were prepared using poly (A) enrichment and
mRNAs were sequenced at 20 million reads per sample on an Illumina
HiSeq2000 system. Acute exposure to H2S induced 283, 193 and 297
DEG (q-value < 0.05, fold-change > 1.5) for day 1, 2 and 4, respectively.
Analyses of biological pathways using DAVID revealed that multiple
biological pathways were dysregulated during H2S exposure, including
the p-53 and MAPK signaling pathways. These results were further
validated by quantitative real-time PCR revealing that expressions of
CyclinD2, p21, TNFα, TNFR1, and IL-6 were upregulated. Enzyme-linked
immunosorbent assay also showed increase of TNFα and IL-1b cytokines
in IC during H2S exposure. These results indicate that exposure to H2S
induces dysregulation of multiple pathways leading to activation of the
inflammation response. The obtained transcriptomic data may provide
important clues to elucidate the mechanisms of H2S-induced neurotoxicity, neurodegeneration, and neurological disorders.

2075 Medical Countermeasures for the Treatment of
Brodifacoum (BDF) Poisoning

M. Lindeblad, K. Kowalski, S. Kalinin, A. Lyubimov, R. Rubenstein,
G. Weinberg, R. van Breeman, and D. Feinstein. University of Illinois
at Chicago, Chicago, IL.
Superwarfarins (SWs) are modified forms of the commonly used anti
coagulant Warfarin, and cause bleeding by reducing the vitamin K
levels. SWs are used throughout the world as rodenticides. The SW
most commonly currently used is brodifacoum (BDF). BDF is about 100
times more potent than warfarin, because it is more fatty and stays in
the body longer. In addition, it appers that the biological half life of BDF
is increased due to enterohepatic recirculation (EH). To determine the
LD50 of BDF in adult male NZW rabbits, they were administered a single
oral dose of BDF ranging from 0.050 to 0.300 mg/kg, after which survival
was followed out to 2 weeks. Calculation of the LD50 was done using
the Dixon up-down method and resulted in an LD50 dose of 192 ± 29
µg/kg. Two medical countermeasures to BDF poisoning were evaluated
in this study, Intralipid (IL) and cholestyramine (CSA). IL is thought to
act by scavenging toxins and moving them to the liver where they are
metabolized. Cholestyramine (CSA) is known to block EH recirculation
by binding to the toxin and causing elimination from the intestines. IL
was administered at 2 hr, Day 3 and Day 5 after BDF by intravenous infusion at 0.2 mg/kg and CSA was administered once daily for 14 days after
BDF administration. Mean body temperature decreased following BDF,
and the body temperature of each animal decreased to below 98ºC one
day prior to the animal being classified as moribund. BDF reduced red
blood cell count and total hematocrit, consistent with induction of hemorrhage. BDF administration at 0.2 mg/kg resulted in 70% mortality and
a time dependent increase in Prothrombin Time (PT). Administration
of IL and CSA resulted in a decrease in mortality to 33% and 11%. In
addition, IL and CSA administration resulted in a decrease in PT at Day
10 by 42% and 70%, respectively. Immunostaining of cortical sections
of vehicle and BDF treated NZW rabbits revealed an overall decrease
in the number of ramified microglia cells, and conversion to an activated morphology (fewer and shorter cell processes). Brain lipid content
was measured as an index of oxidative stress. After 15 days, treatment
with BDF caused a small, but statistically significant increase in cortical
and cerebellar cholesterol content as compared to the vehicle treated
group. In conclusion, both IL and CSA are potential medical countermeasures against BDF poisoning in humans and require more extensive
evaluation.

2076 An In Vitro Investigation of the Impact of Toxic
Exposure Duration on Cellular Recovery and
Fate

A. A. Han2, J. V. Miller1, N. Prince2, J. A. Mouch2, M. S. Prediger2, and
J. W. Boyd2. 1CDC/NIOSH, Morgantown, WV; and 2West Virginia
University, Morgantown, WV.
Following a toxic exposure, cellular responses are tightly regulated by
a coordinated signaling system, but the time course from initial pharmacodynamics response(s) to cell death can have a vast range (from
minutes to hours). While it has been shown that early signaling alterations can be used to forecast cell death, the ‘point of no return’ (i.e.
the time at which the cell can no longer recover and will die) is not yet
determined. In this study, we address the concept of cell recovery by
treating HepG2 cells to a MEK inhibitor (1, 5, 10, 20, 50, 100 µM), followed
by the removal of the exposure after varying durations of contact (2,
5, 10, 15, 20, 30, 40 min and 24 h). Live/dead cells were measured with
Calcein AM and Ethidium homodimer-1 probes for 24 h following the
initial exposure. While significant cell death did not transpire until at
least 50 minutes after exposure (for 20-100 µM doses), cell death was
still observed after all exposure durations (for 5-100 µM doses), at 24 h
post-treatment. These results indicate that an exposure period as low
as 2 minutes is sufficient enough to initiate cellular mechanisms that
will commit the cell to death, and the removal of the toxicant cannot
reverse the initial steps that have locked the cell’s fate. There were also
minimal significant differences in relative cell death among the various
exposure durations, indicating that there is no benefit in removing the
toxicant earlier. The findings of this study highlight the implications of
the cell’s inability to recover, predetermined by cellular pharmacodynamics events that occur at early time points.

against Estrogen Receptor Negative Breast
Cancer MDA-MB 231 Cells: Insights into the
Molecular Mechanism

A. Z. Khan, and I. Naseem. Aligarh Muslim University, Aligarh, India.
Sponsor: D. Serb.
Breast cancer is the leading cause of cancer deaths among women
worldwide. One of the important types of breast cancer is estrogen
receptor (ER) negative breast cancer. Treatment of ER-negative breast
cancer is difficult due to poor response in absence of ER expression.
Therefore, alternative therapies are required to identify new chemotherapeutic agents against ER-negative breast cancers. Coumestrol inhibits
cell growth of ER-negative breast cancer MDA-MB 231 cells; the exact
mechanism has not yet been reported. Unlike normal cells, cancer cells
contain elevated copper levels which play an integral role in angiogenesis. Copper is an important metal ion associated with the chromatin
DNA, particularly with guanine. The current focus of the work was to
identify any link between coumestrol and copper ions in cytotoxic
action of coumestrol against MDA-MB 231 cells. Results demonstrated
that coumestrol inhibited cell viability, induced significant ROS generation, DNA damage, G1/S cell cycle arrest and apoptosis via caspase-dependent mitochondrial mediated pathway in MDA-MB 231 cells.
Further, addition of copper chelator, neocuproine and ROS scavenger,
N-acetyl cysteine were ineffective in preventing coumestrol-mediated
apoptosis in MDA-MB 231 cells. We suggest that coumestrol directly
enters cells and combines with Bax and Bcl-2 to alter their structures,
thereby causing Bax binding to the outer mitochondrial membrane and
Bcl-2 release from the mitochondria. Thus, non-copper targeted ROS
independent DNA damage is the central mechanism of coumestrol in
ER-negative human breast cancer MDA-MB 231 cells. These findings will
be useful in better understanding of anticancer mechanisms of coumestrol and establishing it as a lead molecule for the treatment of breast
cancer.

2078 Long-Term Exposure to Estrogen Enhances

Cytotoxic Effects of Chemotherapeutic Drugs in
Breast Cancer Cells

Y.-W. Chang, and K. Singh. The Institute of Environmental and
Human Health, Lubbock, TX.
Cytotoxic efficacy of chemotherapy has been reported to vary
depending on the age of breast cancer patients. Chemotherapy seems
more effective in younger patients than in elder patients. Depending
on pre- and post-menopausal age, the levels of ovarian estrogen varies
among the breast cancer patients. Whether this variation in estrogen
level influences the cytotoxicity caused by chemotherapy in breast
cancer patients is unclear. Therefore, the purpose of this study was to
evaluate the effects of natural estrogen 17 beta-estradiol on chemotherapeutic drugs-induced cytotoxicity in breast cancer cells. Estrogen
responsive MCF-7 breast cancer cells were long-term exposed to 100
pg/ml estrogen for three months. The effects of long-term exposure
to elevated levels of estrogen on the sensitivity to chemotherapeutic
drugs, doxorubicin and cisplatin, in MCF-7 cells were determined by cell
viability, cell cycle and migration assay. Gene expression analysis was
further performed to confirm the effects at molecular level. The result
of cell viability and cell cycle analysis revealed increased sensitivity to
doxorubicin and cisplatin in estrogen-exposed MCF-7 cells as compared
to control MCF-7 cells. Gene expression analysis of marker genes for
cell cycle, anti-apoptosis, DNA repair, and drug transporter further confirmed the increased toxicity of chemotherapeutic drugs in estrogen-exposed cells at molecular level. Higher percentage of cells with actively
replicating DNA due to estrogen exposure and therefore greater target
for drug-induced DNA damage that leads to cytotoxicity could be the
potential explanation for the increased sensitivity to chemotherapeutic
drugs in estrogen exposed cells as observed in this study. In conclusion, results of this study demonstrated that sensitivity to chemotherapy
depends on the levels of estrogen in breast cancer cells. Findings of
this study will have clinical implications in selecting the type and dose
of chemotherapy in breast cancer patients depending on the serum
estrogen levels that varies in between pre- and post-menopausal age
of the patients.

2079 DNA Damage-Induced Apoptosis Contributes to
Dronedarone-Caused Toxicity in HepG2 Cells

S. Chen, Z. Ren, D. Yu, B. Ning, N. Mei, and L. Guo. US FDA/NCTR,
Jefferson, AR.
Dronedarone, an antiarrhythmic drug has been marked as an alternative to amiodarone. The use of dronedarone is associated with severe
liver injury; however, the mechanism remains unclear. In this study,
the possible mechanisms of dronedarone induced liver toxicity were
characterized in HepG2 cells. Dronedarone decreased cells viability and
induced apoptosis in a concentration- and time-dependent manner.
Pretreatment of the HepG2 cells with caspase-3, 8, and 9 inhibitors
and Necrox-5, a necrosis inhibitor, partially but significantly reduced
the release of lactate dehydrogenase. Dronedarone caused the release
of cytochrome c from mitochondria to cytosol and this process was
Bcl-2 family dependent as demonstrated by decreases of anti-apoptotic Bcl-2 family proteins. Besides, the induction of caspase-2 involved
DNA damage was observed in dronedarone induced cytotoxicity.
Additionally, suppression of caspase-2 also decreased the dronedarone
caused DNA damage. Taken together, our data show that the interplay
of DNA damage and apoptosis contributes to dronedarone induced
cytotoxicity.

2080 Extracellular Calcium Transit and PARP Activity
for Acrolein-Induced Cytotoxicity in H9c2
Cardiomyoblasts

J. Coyle, R. Rinaldi, M. Bourgeois, G. Johnson, J. McCluskey, and
R. Harbison. University of South Florida, Tampa, FL.
ROS formation remains a sentinel factor in the causative pathway of
cyclophosphamide metabolite cytotoxicity. Since intracellular ROS elevation in conjunction with PARP activation has been shown to evoke
TRPM2-associated calcium transits, the current investigation explores a
portion of the underlying mechanistic pathway associated with one toxic
metabolite of cyclophosphamide, acrolein, with respect to extracellular
calcium and PARP activation. H9c2 cardiomyoblasts were acclimatized
to physiologically-relevant atmospheric oxygen conditions (5% mol/
mol) for 2 weeks prior to experimentation. Thereafter, H9c2 cells were
assessed for PARP activation using a colorimetric endpoint method at 5
and 15 minutes post-treatment; for mitochondrial membrane potential
(ΔΨm) reductions via JC-1 labeling at four hours post-treatment; and
for cellular viability via the MTT reduction assay at 24-hours post-treatment. PARP activity was elevated by 45 ± 12 % among acrolein-treated
H9c2 cells at 15 minutes compared to time-matched controls, while
non-significant elevation was observed at 5 minutes (20% higher than
controls). After 4 hours of treatment, an insignificant reduction in ΔΨm
(88 ± 7 %) was observed, but was completely attenuated separately by
10 mM EGTA and 5 μM clotrimazole. Paradoxically, 5 μM clotrimazole
did not result in significant viability rescue after acrolein treatment, but
EGTA did attenuate viability reductions in a concentration-dependent
manner, which reached significance at 5 mM (27 ± 3 % versus 56 ± 5 %).
Initially, a high concentration (100 μM) of olaparib did not result in significant viability rescue, and only afforded marginal protection against
acrolein-induced ΔΨm reductions. However, after alteration of baseline
cytotoxicity to 25 μM acrolein due to inter-batch differences among FBS
sources (27 ± 3 % to 64 ± 5 %) afforded near-complete viability rescue
(92 ± 5 %) by 100 μM olaparib. Collectively, these results suggest that
extracellular calcium is indeed a key component of acrolein cytotoxicity,
but, most-importantly, a complex interaction exists beyond mere mechanistic underpinnings related to toxicant concentrations.

2081 Ampk Involved in Apoptosis of H9c2 Cells

Induced by Fluoride through Caspase Pathway

X. Yan, X. Yang, Y. Qiu, and G. Song. Shanxi Medical University,
Taiyuan, China. Sponsor: X. Ren.
Fluoride (F) is considered one of the most essential elements for maintaining the normal cellular processes in an organism. However, prolonged and excessive F intake can contribute to a serious public health
problem known as fluorosis. The mechanism of F toxicity on the cardiovascular system is complex. Using in vitro cultured cardiomyocytes to
study the toxic effects of F allows a direct evaluation to be made of the
effect of F on the heart. In this study, H9c2 cells were treated with different
concentrations of NaF for 48h and 72h, the proliferation and viability
of H9c2 cells were measured by MTT assay; The changes of mitochondrial membrane potential and the early cell apoptosis were detected
by flow cytometry; The mRNA expression of genes related to mitochondria&nbsp;pathway (caspase-3, caspase-9 and Cyt c)and AMPKα were
examined by real-time PCR; The protein expressions of p-AMPKα were
determined using western blot. The results showed that, low dose of NaF
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2077 Cytotoxic Activity of Phytoestrogen Coumestrol

had no significant effect on cell proliferation, with the increase of dosage
of NaF, the inhibition effect increased. The morphology of H9c2 cells had
a significant change. After treatment, the ΔΨm in NaF-induced H9c2 cells
was down-regulated. The early apoptosis of H9c2 cells also increased,
this means that NaF exerted a toxic effect on apoptosis in H9c2 cells.
Compared with the control group, the mRNA expression of caspase3,caspase-9 and Cyt c were all presented a trend of increasing with the
increase of dosage of NaF,and the mRNA expression of AMPKα up-regulated. The&nbsp;mechanism&nbsp;on cell&nbsp;apoptosis&nbsp;of
H9c2&nbsp;cells&nbsp;induced&nbsp;by&nbsp;fluoride&nbsp;may be
related to activate the mitochondria pathway; AMPK is involved in the
process of NaF-induced injury.

2082 Realgar Quantum Dots (RQDs) Induce

Autophagy in Cervical Carcinoma JEC Cells

Z.
Y.
D. Xiao2, J. Liu2, J. Wu1, and H. Wang2. 1Harbin
Institute of Technology, Harbin, China; and 2Zunyi Medical College,
Zunyi, China.
Liu2,
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Gou2,
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Background Realgar (As4S4) has been used in traditional Chinese medicines for treatment of malignancies. However, the poor water solubility of realgar limits its clinical application. To overcome this problem,
realgar quantum dots (RQDs: 5.48 ±1.09 nm) were prepared by a photoluminescence method. Our previous studies revealed that the RQDs
were effective against cervical carcinoma JEC cells and hepatocellular
carcinoma HepG2 cells, and reduced cervical carcinoma JEC cell xenograft growth in tumor-bearing mice (Wang et al., Int J Nanomedcine
2015; Qin et al., Biomed Rep, 2015). The antitumor mechanisms include
the induction of endoplasmic reticulum (ER) stress and apoptosis. This
study further examined RQDs on the formation of the autophagosome.
Materials and Methods The transmission electron microscopy (TEM)
was used to examine the autophagy in JEC cells. Cells were transiently
transfected with p-EGFP-C3-LC3B plasmid to examine effects of RQDs on
autophagosome via confocal microscope. Autophagy-related proteins
(LC3 A/B and Beclin-1) were examined by western blot after treatment
with RQDs (10-40 μg/ml for 24 h), or incubation for 48h in serum-free
medium. Result RQDs exhibited cytotoxicity in JEC cells in a concentration-dependent manner. TEM showed RQDs (40 μg/ml) could significantly induce autophagy, and the dispersion green fluorescence were
become the dot green fluorescence after treatment with RQDs (40 μg/
ml) in JEC cells transiently transfected with p-EGFP-C3-LC3B plasmid.
The hallmark of autophagy induction is the formation of cellular autophagosome punctae containing the microtubule-associated protein
1A/1B light chain 3 (LC3). Beclin1, a well-established mediator of autophagy that is recruited early in the autophagic cascade, were increased
with RQDs (10-40 μg/ml) treatment, and the result also showed that in
serum-starved cells for 48h LC3 A/B and Beclin-1 were increased. Thus,
the autophgy can be induced by RQDs in JEC cells. Conclusion: RQDs
were effective against tumor cells, and inhibited the JEC cell proliferation. Induction of autophagy could be one of RQD anticancer mechanisms.

2083 Induction of Cytotoxic and Genotoxic Damage
following Exposure of V79 Cells to Cadmium
Chloride

M. Reynolds, J. Gobrecht, C. McDyre, and J. Comotto. Washington
College, Chestertown, MD.
Cadmium is a toxic heavy metal with many industrial and commercial
uses resulting in widespread environmental pollution. Exposure to
cadmium occurs occupationally, through tainted food, tobacco use,
and the environment. Cadmium exposure has been linked to neurological and respiratory problems and cancer. Past studies have examined cytotoxicity, DNA damage, micronuclei formation, or mutagenesis
individually, but no study has examined these endpoints together.
This study examines the cytotoxic, genotoxic, and mutagenic effects
of cadmium exposure in V79 cells providing a correlation between the
induction of DNA damage, the generation of mutations, and intracellular cadmium concentration. Cells exposed to 2.5 to 40 μM cadmium
exhibited a dose-dependent decrease in survival which correlated with
increased caspase and PARP cleavage. Apoptosis was detected at intracellular cadmium concentrations of 12.9 ppb suggesting that low levels
of cadmium are cytotoxic. Exposure to cadmium also resulted in the
production of single and double strand breaks and the induction micronuclei and mutations in the Hprt gene. Collectively, this study demonstrates that exposure of V79 cells to cadmium results in the induction
of apoptosis which is related to the formation of DNA strand breaks and
genotoxic damage.

2084 Epithelial-Mesenchymal Transition in Breast
Cancer Cells upon Treatment with Cadmium

Z. Wei, and Z. A. Shaikh. University of Rhode Island, Kingston, RI.
Cadmium (Cd) is a well-established human health risk. Epidemiological
and experimental studies have demonstrated that Cd is associated with
a variety of cancers including breast cancer. In cultured human breast
cancer cells, Cd promotes cell growth through interaction with EGFR and
cell cycle regulation. Whether treatment with Cd can also cause metastatic transformation in these cells has not been studied. Acquisition
of invasive phenotype requires epithelial-mesenchymal transition
(EMT). The present study was designed to explore whether Cd causes
EMT. Metastatic human breast cancer MDA-MB-231 cells and non-metastatic HCC 38 and HCC 1937 cells were treated with 0.5-3 µM Cd for
up to 4 weeks and cell migration, invasion, and biochemical markers
of EMT were evaluated. In MDA-MB-231 cell, treatment with 0.5-3 µM
Cd increased cell migration as determined by the wound healing and
Transwell assays. Similarly, 4 weeks of Cd treatment increased cell invasiveness as indicated by the 3D spheroid and gel-zymography assays.
Determination of biochemical markers of EMT in all three cell types
showed that treatment with 3 µM Cd for 4 weeks increased the levels
of N-cadherin and vimentin, and decreased the levels of E-cadherin and
claudin-1. These are typical changes observed in EMT. Further study to
explore the molecular mechanism revealed that Cd increased the levels
of Snail and Slug which are the transcription factors involved in regulation of EMT. These results establish that indeed Cd treatment induces
EMT in breast cancer cells and may do so by modulating signal transduction.

2085 Investigation of Tissue Lipid Metabolism in Adult
Rats Exposed to Cadmium

O. O. Ogunrinola4, A. D. Wusu4, O. K. Afolabi3, E. O. Abam1, E. A.
Balogun5, O. Ademuyiwa2, and O. O. Odukoya2. 1Bells University
of Technology, Ota, Nigeria; 2Federal University of Agriculture,
Abeokuta, Nigeria; 3Ladoke Akintola University of Technology,
Ogbomosho, Nigeria; 4Lagos State University, Ojo, Lagos, Nigeria;
and 5University of Ilorin, Ilorin, Nigeria.
Epidemiological studies suggest an association between cadmium in
drinking water and vascular diseases. However, the exact mechanism
remains enigmatic. This study was undertaken to investigate the effect
of cadmium on the tissue lipid metabolism of Wister male albino rats
by exposing the animals to 0.01, 0.02 and 0.03 % cadmium doses for 12
weeks in their drinking water. Control animals received distilled water
for the same period. At the end of 12 weeks, dyslipidemia induced by
the cadmium doses exhibited different patterns. Cadmium exposure
resulted in induction of phospholipidosis in renal, cardiac and brain.
Renal and brain cholesterol and triacylglycerols were decreased by all
the cadmium doses; on the other hand, cadmium depleted cardiac cholesterol, but enhanced/balanced triacylglycerol content. Cadmium at all
doses inhibited brain 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase (HMGCR). There was five-fold decrease in cholesterol/phospholipid
ratio in renal while two and three folds were observed in cardiac and
brain respectively. We observed positive association between kidney
cadmium and kidney phospholipid and negative associations between
cardiac cadmium and cardiac cholesterol; brain cadmium and brain cholesterol and triacylglycerols, as well as kidney cadmium and cholesterol
and triacylglycerols. Our results show that induction of phospholipidosis in tissues may be responsible for the insidious cellular effects of
cadmium intoxication.

2086 Cadmium Exposure and Its Age-Relevant

Hazardous Effect on Renal Tubular Function
among Rice Farmers in a Cadmium-Polluted Area
of Northern Japan

H. Horiguchi2,1,, E. Oguma2,1,, K. Murata1, A. Komatsuda1, S. Sasaki5,
Y. Kumazawa1, T. Ohno3, and K. Miyamoto4. 1Akita University,
Akita, Japan; 2Kitasato University School of Medicine, Sagamihara,
Japan; 3Seirei Women’s Junior College, Akita, Japan; 4Seitoku
University, Matsudo, Japan; and 5Tokyo University, Tokyo, Japan.
Sponsor: M. Tsunoda.
Akita Prefecture, located in northern Japan, has the largest, scattered
cadmium (Cd)-polluted areas in Japan due to the past activities of mines
and smelters. According to an official announcement by the Ministry of
the Environment of Japan, rice with a Cd concentration over the safety
standard level, 0.4 µg/g, had often been produced in those areas until
recently. Therefore, rice farmers there might have been exposed to Cd
through consumption of their self-harvested rice. A cross-sectional study

2087 The Involvement of BIRC3 in Cadmium Toxicity
in Proximal Tubular Cells

J.-Y. Lee, M. Tokumoto, and M. Satoh. Aichi Gakuin University,
Nagoya, Japan.
Cadmium (Cd) is an environmental contaminant known to exert toxic
effects on various tissues such as kidney, liver, lung, testis and bone.
In terms of the cytotoxicity of Cd, apoptosis is one of the toxic mechanisms. There are many intracellular factors involved in pro- and
anti-apoptosis pathways. BIRC family has been thought as one of the
most noticeable factors engaged in anti-apoptosis. It is well known that
BIRC family inhibits caspase-3, -7 and -9 activities. Therefore, we focused
on the relationship between cytotoxicity of Cd and intracellular level of
BIRC family in human proximal tubular cells (HK-2 cells). BIRC family has
8 isoforms through BIRC1 to BIRC8. Among the 8 isoforms, Cd drastically
decreased not only the mRNA level but also the protein level of BIRC3 in
HK-2 cells. On the Cd treatment condition in which intracellular BIRC3
level was decreased, the cleaved caspase-3 level was increased as well.
Interestingly, organic mercury, inorganic mercury, or inorganic arsenic
did not decrease the BIRC3 mRNA level in various cell lines such as HK-2,
human nueroblastoma, or mouse hepatic cells. The knockdown of BIRC3
by siRNA triggered cytotoxicity with same manner as those protein level
decreases. Moreover, the knockdown of BIRC3 by siRNA strengthened
Cd cytotoxicity, as well as caused apoptosis in HK-2 cells. Therefore, it is
strongly suggested that BIRC3 is one of the key factors in Cd renal toxicity. (This work was supported by the Study of the Health Effects of Heavy
Metals, organized by the Ministry of the Environment, Japan).

2088 The Effect of Chronic Low-Level Cadmium
Exposure on Immune Parameters in Rat
Splenocytes

R. C. Kennedy1, A. E. Turley1, J. W. Zagorski1, R. A. Freeborn1, J.
K. Bursley1, J. R. Edwards2, and C. E. Rockwell1. 1Michigan State
University, East Lansing, MI; and 2Midwestern University, Downers
Grove, IL.
Cadmium is a non-essential toxic metal that is common and persistent
environmentally. In the US, non-smokers are principally exposed to
cadmium from the diet. Exposure also occurs through inhalation of cigarette smoke or living or working in proximity to industries that utilize
cadmium. Primary targets of cadmium toxicity include kidney and
bone, with lung toxicity occurring with oral exposure. Other targets
include liver, reproductive organs, and immune cells. Immunologically,
cadmium exposure can induce splenomegaly and has demonstrated
effects on the adaptive immune response. However, effects on specific
cell types vary with dose and model. The effect of cadmium exposure on
immune function has largely been investigated in vivo at relatively high
doses; however, cadmium exposure within human populations mainly
occurs in a chronic, low dose exposure. This study addresses this gap, by
investigating the effects of chronic, oral, low-dose cadmium exposure
on immune parameters in a rat model, focusing on T cell function. In
the current studies, rats were exposed to cadmium in drinking water at
32 ppm for 10 weeks. Body and tissue weights were collected at completion of the study. A group of age-matched rats without cadmium
exposure served as sham controls. Splenocytes were isolated, immunophenotyped, and analyzed for markers of oxidative stress. Remaining
splenocytes were activated using anti-CD3/anti-CD28, cultured, and

mRNA and protein were collected for further analysis of immune endpoints. Increased spleen-to-body weight ratios and a decrease in spleen
cellularity were noted in cadmium exposed animals. Some changes
in immune cell types were observed, with slight increases in CD11b/
c+ cells and decreases in CD8+ cells. Following activation, splenocytes
from cadmium treated rats showed lower IFNγ and increased IL-2 mRNA
at 48h. IL-17a, IL-17f, IL-5, and IL-13 mRNA were also increased at 48h.
Taken together, these data indicate that low-dose, long-term cadmium
exposure may influence immune function. (This study was supported by
NIH grant ES024966)

2089 Subchronic Cadmium Exposure Alters microRNA
Expression in Rat Kidney

M. Fay, L. Alt, D. Ryba, P. Lamar, J. Edwards, and W. Prozialeck.
Midwestern University, Downers Grove, IL.
Cadmium (Cd) is a nephrotoxic environmental pollutant that causes a
generalized dysfunction of the proximal tubule characterized by polyuria and proteinuria. Even though the effects of Cd on the kidney have
been well-characterized, the mechanisms underlying these effects are
poorly understood. MicroRNAs (miRNAs) are small non-coding RNAs
that regulate physiologic function by modulating gene expression at
the post-transcriptional level. The goal of the present study was to determine if Cd can affect the patterns of miRNA expression in a sub-chronic
model of Cd-induced kidney injury in the rat. Male Sprague-Dawley rats
were treated with subcutaneous injections of either saline or CdCl2 (0.6
mg/kg) 5 days a week for 12 weeks. Total RNA was isolated from the
renal cortex of control- and Cd-treated animals and used for microarray
analysis (761 unique probes, Sanger miRBase Release 21). Microarray
analysis demonstrated that the expression of 44 miRNAs were significantly increased and 54 miRNAs were significantly decreased in the Cd
group versus the control group (T-test, P ≤ 0.05, N=6 per group). MiRNAs
that demonstrated a significant (P ≤ 0.05) two-fold or greater increased
expression in the Cd-group versus the control were rno-miR-3084a-3p,
-34a-5p, -1949, -224-5p, -146b-3p, -3084c-3p, -21-5p, -149-3p, and
451-5p. MiRNAs that demonstrated a significant (P ≤ 0.05) two-fold or
greater decreased expression in the Cd-group versus the control group
were rno-miR-193b-3p, -455-3p, and -342-3p. These findings show that
Cd significantly alters the patterns of miRNA expression in the kidney
and raises the possibility that alterations in miRNA expression may play
a role in the pathophysiology of Cd-induced kidney injury. In addition,
they raise the possibility that miRNAs may be used as early markers of
Cd-induced nephrotoxicity.

2090 Developmental Cadmium Exposure Causes
Delayed Zebrafish Otolith Formation

A. Green, C. Mattingly, and A. Planchart. North Carolina State
University, Raleigh, NC.
Cadmium (Cd) is a transition metal found ubiquitously in the earth’s
crust and is extracted in the production of other metals such as copper,
lead, and zinc. Human exposure to Cd occurs through food consumption, cigarette smoking, and the combustion of fossil fuels. Exposure
to Cd has been shown to cause nephrotoxic, neurotoxic, osteotoxic,
carcinogenic effects. Developmental animal studies and epidemiological studies have linked prenatal Cd exposure to reduced birth weight
and hyperactivity. In this study we show that zebrafish developmentally
exposed to 30 - 60 parts per billion (ppb) Cd from four hours to seven
days post-fertilization are hyperactive and have delayed otolith formation and skeletal calcium deposition. The delay in otolith formation is
characterized by a decrease in size of both the Saccule and Utricle with
the Saccule decreased by as much as 50%, in a dose dependent manner.
Removal of Cd allows the otoliths to recover by one month of age. This
finding is concerning as the Saccule is vital for auditory perception and
children with inner ear dysfunction have a high prevalence of behavioral
disorders that include hyperactivity. While the mechanism of how Cd
caused this developmental disruption is still unclear its possible link to
behavior needs to be examined more closely.
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was performed for the farmers in one of the Cd-polluted areas, which
consists of 12 hamlets along rivers from the mines, and a non-polluted
area as a control from 2009 to 2014 to clarify their levels of Cd exposure
and its hazardous effect on renal tubular function. We got 975 participants from the Cd-polluted area (431 males and 544 females, 39-95
years) and 144 ones from the control area (62 males and 82 females,
36-85 years). Urine and peripheral blood were taken to measure their
levels of urinary and blood Cd and urinary ß2-microglobulin (ß2MG), an
indicator for renal tubular dysfunction. The hamlets in the Cd-polluted
area were divided into 4 groups by the river system, and then compared
with the control. The 4 groups showed significantly higher urinary and
blood Cd levels than the control in a manner of age dependent increase.
Especially, the females at 70 years and older in a hamlet located closest
to a mine had the highest Cd exposure level: the median of urinary Cd
was 9.1 µg/g cr., while 2.7 µg/g cr. in the control females. However, there
were no significant differences in urinary ß2MG levels among the 4
Cd-polluted groups and the control, except for females at 70 years and
older in the hamlet with the highest Cd exposure. Among them, there
were 9 suspected cases of Cd nephropathy, whose urinary ß2MG levels
were more than 10,000 µg/g cr. These results suggest that there would
be an age-relevant threshold of a urinary Cd level for renal tubular dysfunction, indicating the necessity to follow health status of the farmers
because of the long biological half-life of Cd (10-30 years).

2091 Network Analysis of Redox Proteome,

Metabolome, and Transcriptome (RMT) of Lung
Physiology and Pathophysiology Associated
with Environmental Cadmium Exposure

Y.-M. Go, K. Uppal, J. Chandler, and D. P. Jones. Emory University,
Atlanta, GA.
Cadmium (Cd) accumulates in humans from dietary, environmental
including cigarette smoke, and occupational sources, and has a twenty-year biologic half-life. Little is known about the effect of low environmental and dietary levels of Cd on lung physiology and pathophysiology.
Our previous studies show that low dose Cd oxidizes mitochondrial
protein redox states, changes neuronal gene expression and metabolism, stimulates inflammatory signaling and increases airway reactivity;
these results suggest that Cd could impact multiple disease mechanisms. In the present study, lung tissues from mice exposed to low dose
Cd by drinking water (3.3 mg/L, 16 weeks), compared to Cd-free drinking
water, were examined for redox proteomics (n=3 per group), metabolomics (n=8) and transcriptomics (n=4) using mass spectrometry-based
redox isotope coded affinity tag (ICAT), high resolution metabolomics
(HRM) and affymetrix gene array, respectively. The results of redox proteomics to measure oxidation of cysteine residues, and pathway and
network analyses using MetaCore software showed that 545 protein
peptides of two groups were identified and 173 of 545 were oxidized 1.3
fold or more by Cd compared to respective protein peptides in control.
The results of HRM analyses show that metabolites in central lipid and
other mitochondrial metabolic pathways are significantly affected by
Cd. The results of transcriptomics analysis similarly showed gene networks and pathways associated with lung diseases are significantly
changed by Cd. To improve our understanding of the complex disease
mechanisms, we performed integrative network analysis of redox proteome, metabolome and transcriptome (RMT) using xMWAS software
that has been developed recently (K. Uppal et al, manuscript in preparation). The results show that low dose Cd significantly altered lung
functional network structure of RMT compared to control (shifted in
numbers of main clusters and changes in hub molecules), suggesting
that RMT can be developed as a useful tool to understand mitochondrial
signaling and toxicity due to environmental chemical exposures.

2093 Cadmium Exposure and Associated Factors
among a Population from Southern Brazil

A. C. B. A. Lopes3, M. R. Urbano3, M. d. F. H. Carvalho1, M. d. F. H.
Carvalho3, M. Buzzo1, E. K. Silbergeld2, A. Navas-Acien2, A. E.
Mesas3, and M. B. Paoliello3. 1Adolfo Lutz Institute, Sao Paulo,
Brazil; 2Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD; and 3State University of Londrina, Londrina, Brazil.
Cadmium is a toxic metal widely distributed in the environment by
geologic and anthropogenic sources. Even at low levels of exposure, cadmium is nephrotoxic and carcinogenic. The main sources of
cadmium exposure in the general population are cigarette smoke, diet
and ambient air near industrial areas. The aim of this population-based
study was to evaluate the socioeconomic, environmental, and lifestyle
determinants of blood cadmium in Brazilian adults. A total of 959 adults,
aged 40 years or older, living in a city in Southern Brazil, were randomly
selected. Socioeconomic, dietary, lifestyle and occupation background
was obtained by household interviews. Blood cadmium was measured
by ICP-MS. We performed both crude and adjusted multivariable analysis on log-transformed blood cadmium to test for associated factors.
Model 1 was adjusted for sex, age, race, education and income. Model 2
was further adjusted for smoking, alcohol intake, vegetables consumption, blood lead and occupation. The geometric mean (GM) of blood
cadmium was 0.39 μg/L (95%CI, 0.38-0.41). In our crude analysis, blood
cadmium was positively associated with male gender, non-white participants, smoking and drinking habits and more frequent vegetables
consumption. In Model 1, only male gender was associated with blood
cadmium, and in Model 2, the ratio for GM blood cadmium was significantly higher in former smokers (1.17; 95%CI, 1.04-1.30) and in current
smokers (2.43; 95%CI, 2.14-2.76) compared with non-smokers, and was
close to significance in participants with higher blood lead levels (1.09;
95%CI, 1.00-1.19). Low blood cadmium levels were found in adults living
in an urban area. Biomonitoring studies should be encouraged to systematically evaluate and to examine trends of cadmium levels in urban
areas.

2094 Identification of Mercury-Resistant Bacteria in
the Human Gut Microbiome
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2092 Differential Expression of miRNAs Mediated by
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Cadmium Exposure or Transcriptional Activation
via Metal Regulatory Transcription Factor 1
(MTF-1)

M. J. Jenny1, K. E. Diggins2, and B. O’Shields1. 1University of
Alabama, Tuscaloosa, AL; and 2Vanderbilt University, Nashville,
TN.
MicroRNAs (miRNA) are small non-coding RNA molecules ~22 nucleotides in length that function as post-transcriptional regulators.
Cadmium (Cd) is a toxic metal that is known to induce oxidative stress
in cells and is a strong activation of MTF-1, a primary transcription
factor involved in regulating metal homeostasis and detoxification. To
investigate any potential mechanistic roles for miRNAs in regulating
the phenotypes associated with Cd toxicity, a mouse embryonic fibroblast MTF-1 null (MEF-KO) cell line or MEF-KO cells transfected with
MTF-1 (MEF-KO-MTF1) were exposed to 50 µM cadmium (Cd) for a
four hours to induce cellular stress. Real-time PCR was performed on
metallothionein genes (MT-1 and MT-2) to confirm MTF-1 signaling was
restored to MEF-KO-MTF1 cells, while heme oxygenase 1 (HO-1) was
measured to confirm induction of oxidative stress by Cd exposure in
all cell treatments. Real-time PCR arrays were used to assess changes in
expression of 139 unique miRNAs known to be involved in the cellular
stress response and carcinogenesis. Based on statistical analysis (p-value
≤ 0.05) and a ≥1.5-fold change, 7 miRNAs were differentially expressed
by Cd exposure in MEF-KO cells (1 upregulated and 6 downregulated), 2
miRNAs were differentially expressed by restoration of MTF-1 signaling
in MEF-KO-MTF1 cells (1 upregulated and 1 downregulated), and 6
miRNAs were differentially expressed by Cd exposure in MEF-KO-MTF1
cells (2 upregulated and 4 downregulated). A total of 4 miRNAs were
differentially expressed by multiple treatments; miR-15b was downregulated by restoration of MTF-1 signaling in MEF-KO-MTF1 and by
Cd exposure to MEF-KO cells. miR-335-5p and miR-712 were downregulated by by Cd exposure to MEF-KO cells, as well as Cd exposure in
MEF-KO-MTF1 cells, while miR-466f-3p was upregulated in both of these
treatments. Interestingly, 8 of the 11 differentially expressed miRNAs
are predicted to target the MTF-1 transcription factor. These miRNAs are
known to play roles in multiple biological processes such as cell cycle
progression, cell proliferation, tumor progression and metastasis, and
endothelial inflammation. Future studies will focus on the functional
characterization of these miRNAs to assess their role in mediating any
phenotypes associated with Cd toxicity. (R00ES017044)

S. W. Caito, A. Grier, S. R. Gill, E. van Wijngaarden, and M. D. Rand.
University of Rochester, Rochester, NY.
The human gut microbiome is a population of bacteria critical for
digestion, absorption and biotransformation of nutrients and xenobiotics from the diet. Methylmercury (MeHg) is a widespread contaminant of our fish supply. It is known that in the human body MeHg is
demethylated before elimination in the feces, however this process is
not understood. We hypothesized that demethylation of MeHg occurs
by mercury resistant bacteria present in the gut microbiome. Feces
were collected two weeks after amalgam-free participants ate 3 tuna
steaks 7 days apart and refrained from fish and seafood consumption.
MeHg and inorganic Hg (I-Hg) content was determined by cold vapor
atomic absorption spectrometry and gut flora were sampled. Eighty
percent of participants had over 95% I-Hg in their feces, while 20%
had significantly higher levels of MeHg in their feces, suggesting individual variation in the ability to demethylate MeHg in the gut lumen.
Demethylation activity was assayed directly in cultures of a 10% fecal
dilution in MH bacterial growth media with 50 µM MeHg . Fecal cultures
showed varying levels of a time-dependent decrease in MeHg and total
Hg, suggesting the presence of mercury detoxifying enzymes known
to sequentially demethylate and volatilize Hg as vapor. The fecal culture’s demethylation activity in vitro directly correlated with the relative
amount of I-Hg in the participant’s feces. Fecal bacteria that showed
strong demethylation were growth-selected on MeHg agar plates for
colony isolation. 16S rRNA sequencing of individual colonies identified
7 species able to grow under MeHg restrictive conditions, with higher
MeHg resistance than Escherichia coli devoid of Hg resistance genes.
Future characterization of these strains will determine their prevalence
in the human gut microbiome and document the presence of known or
novel mercury resistance genes involved in the demethylation of MeHg
in the human gut.

2095 Methylmercury (MeHg) Metabolism and

Elimination Status (MerMES) I. Fish-Meal
MeHg Metabolism and Elimination Rate
Determinations in Human Subjects

S. W. Caito, A. Grier, S. R. Gill, E. van Wijngaarden, and M. D. Rand.
University of Rochester, Rochester, NY.
Concern about methylmercury (MeHg) exposure has resulted in fish
consumption advisories. These advisories have been controversial and
difficult to establish because of the highly variable outcomes of MeHg
exposure seen across populations as well as between individuals. This
variability may be due to individual and population differences in MeHg
metabolism. MeHg elimination from the human body occurs slowly
(kel ~ 0.01 day-1 or t1/2 ~70 days) and is a major determinant of the Hg
body burden. Human MeHg elimination, as determined by a variety
of methods, is highly variable ranging from t1/2=35 to >150 days. The
mechanisms that control MeHg elimination from the human body
remain poorly understood. Nonetheless, microbial demethylation of
MeHg in the lumen of the gut is thought to play a role by producing
inorganic Hg (I-Hg) that is readily excreted in feces. To shed light on
the biological determinants controlling MeHg body burden we have
examined MeHg elimination and metabolism in a cohort of 40 subjects.
We determined the MeHg elimination rate using longitudinal hair analysis with laser ablation-inductively coupled plasma-mass spectrometry
(LA-ICP-MS). In addition, %I-Hg in feces was determined as a proxy for
MeHg demethylation. Subjects ate three tuna fish meals, each one week
apart, ahead of a 60-day elimination period where no fish or seafood
was consumed. Hair samples, collected at 60 days, were analyzed for
202Hg and 34S by LA-ICP-MS, to derive hair growth rate and Hg levels over
time. Fecal samples collected during the elimination period were analyzed for %I-Hg. Elimination rates were found to vary more than two-fold
ranging from kel=0.0246-0.0103 day-1 (estimated t1/2= 28.2-67.3 days).
The method also proved sensitive in detecting Hg exposures occurring
prior to the fish meals. Across all subjects, faster elimination rates were
seen to positively associate with the %I-Hg in feces, consistent with the
notion that demethylation plays a role in MeHg metabolism and excretion. Our results highlight the existence of individual variation in MeHg
metabolism and elimination and a central role for MeHg demethylation
in this variation. (NIEHS P30ES001247, R21ES024859)

2097 Glutathione S-Transferase Activity Moderates

Methylmercury Toxicity during Development in
Drosophila

D. Vorojeikina2, K. Broberg1, T. M. Love2, P. W. Davidson2, E. van
Wijngaarden2, and M. D. Rand2. 1Karolinska Institute, Stockholm,
Sweden; and 2University of Rochester, Rochester, NY.
Glutathione (GSH) pathways play a central role in methylmercury
(MeHg) metabolism and elimination, largely due to formation of a more
readily transported MeHg-GSH conjugate. Among the several GSHrelated genes that potentially influence MeHg disposition, glutathione
S-transferases (GSTs) have been proposed to facilitate MeHg elimination by catalyzing MeHg-GSH conjugation. However, the role of GSTs
in moderating MeHg toxicity is not well characterized. Several studies
implicate the human GSTP1 gene in MeHg disposition by showing association of two common polymorphisms in the coding region (Ile105Val
and Ala114Val) with Hg levels in either blood or hair. In this study, we
investigated a functional role for GSTs in modulating MeHg toxicity
during development. Using the Drosophila model to execute targeted
manipulations of both endogenous GSTs and introduced human
GSTP1 variants we correlate gene and protein expression levels with
GST activity and also with MeHg body burden and developmental outcomes. We find that RNAi knockdown of endogenous GSTD1, GSTE1 or
GSTS1, individually, makes flies more susceptible to MeHg during pupal
development reflected in a reduced rate of eclosion. In addition, exogenous expression of human GSTP1 in flies yields greater MeHg tolerance
during development with increased eclosion rates. We show evidence
for a reduced enzyme activity in the GSTP1105 and GSTP1114 variants relative to wild type GSTP1 (GSTP1wt). Finally, we observe a trend whereby
levels of Hg body burden are inversely related to the levels of GST
activity. However, we find examples where GSTP1 expression reduces
MeHg toxicity during development without reducing Hg body burden,
suggesting that GSTs can moderate MeHg toxicity via both toxicokinetic
and toxicodynamic mechanisms. All together, these findings indicate
that GSTs function in moderating the toxic insult of MeHg during development. (NIEHS R01 ES01219, P30 ES001247)

2098 Methylmercury Selectively Induces the

Expression of TNF-α in the Mouse Brain

Elimination Status (MerMES) II. Gut Microbiome
Abundance and Diversity with Fish-Meal MeHg
Metabolism and Elimination

S. W. Caito, A. Grier, S. R. Gill, E. van Wijngaarden, and M. D. Rand.
University of Rochester, Rochester, NY.
Methylmercury (MeHg) metabolism and excretion in humans is not well
characterized. Microbial demethylation of MeHg in the gut is thought
to give inorganic Hg that is efficiently eliminated via feces. The human
gut microbiome is exceptionally abundant and diverse containing more
than a kilogram of bacteria composed of over 10,000 species. The gut
microbiome exhibits a high degree of variation between individuals and
can also change within an individual over time. We previously showed
that MeHg elimination rates can vary widely between individuals and
within individuals over time. To test if the gut microbiome contributes
to this variation we examined the diversity and abundance of fecal bacteria in 40 subjects who consumed fish meals and underwent analysis of
MeHg metabolism and elimination. Subjects ate three tuna fish meals,
each one week apart, prior to a 60 day elimination period where no fish
or seafood was consumed. Feces were sampled at three time points:
preceding the first meal (pre), within two days after the final fish meal
(post-short), and two weeks after the final fish meal (post-long). Bacterial
abundance and diversity was determined via sequencing of 16S rRNA
and phylogenetic and Operational Taxonomic Unit (OTU) methods
using the Quantitative Insights into Microbial Ecology (QIIME) software.
Alpha and Beta diversity was computed using the Shannon Index and
Bray-Curtic Dissimilarity index, respectively. In preliminary analyses,
there was no significant change in Alpha diversity associated with fish
meal consumption across the subjects. Beta diversity showed a statistically significant clustering in the post-short samples only, indicating
that fish meals possibly influence gut microbial composition. A pattern
of differential abundance over the course of the fish meals can be seen
in select taxa at the species level. The abundance and diversity characterization of these samples will support future analyses to determine
associations with the MeHg elimination rate and MeHg demethylation
status of these subjects. Our findings will also contribute to our efforts of
identifying MeHg metabolizing bacteria in the human gut microbiome.
(NIEHS P30 ES001247, R21-ES024859)

M. Iwai-Shimada1, T. Takahashi1,2,, A. Naganuma1, and G.-W.
Hwang1. 1Tohoku University, Sendai, Japan; and 2Tokyo University
of Pharmacy and Life Sciences, Tokyo, Japan.
Methylmercury is an environmental pollutant known as the cause of
Minamata disease and severe central nervous system damage. Recently,
many researchers including our research group have been reported
that some cytokines may relate to methylmercury toxicity. However,
there are many unresolved questions regarding the role of cytokines in
the damage caused to the central nervous system by methylmercury.
The tumor necrosis factor (TNF) superfamily includes representative
cytokines that participate in the inflammatory response as well as cell
survival, and apoptosis. Until now, there have been no detailed investigations into the relationship between methylmercury toxicity and
the TNF superfamily. In this study, we examined the any changes in the
expression of 18 TNF superfamily genes were analyzed in the brain of
mouse treated with methylmercury, and found that methylmercury
selectively induced TNF-α expression in the mouse brain. Although
the accumulated mercury concentration in the liver and kidneys was
greater than in the brain, TNF-α expression was induced to a greater
extent in brain. Thus, it is possible that there may exist a selective mechanism by which methylmercury induces TNF-α expression in the brain.
We also found that TNF-α expression was induced by methylmercury
in C17.2 cells (mouse neural stem cells) and NF-κB may participate as
a transcription factor in that induction. Further, we observed that the
addition of a TNF-α antagonist (WP9QY) into the medium reduced the
toxicity of methylmercury to C17.2 cells. In contrast, the addition of
recombinant TNF-α to the culture medium decreased the cell viability.
Taken together, we suggest that TNF-α may play a part in the selective
damage of the central nervous system by methylmercury. Furthermore,
our results indicate that the higher TNF-α expression induced by methylmercury may be the cause of cell death, as TNF-α binds to its receptor
after being released extracellularly.
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2096 Methylmercury (MeHg) Metabolism and

2099 Fructooligosaccharide Enhances Fecal

Elimination and Reduces Mercury Level in Brain
after Methylmercury Exposure in Mice

M. Nagano, and M. Fujimura. National Institute for Minamata
Disease, Minamata, Japan. Sponsor: M. Yamamoto.
Methylmercury (MeHg) is a neurotoxicant that exists widely in the
natural environment. Since MeHg is accumulated in seafood through
the food web, consumption of fish and shellfish is a major source of
MeHg exposure for humans. Because of fears regarding the adverse
effect of MeHg contained in seafood on the developing fetus brain,
pregnant women have been warned against consuming fish and shellfish in many places such as the United States and Europe. MeHg is gradually transformed to inorganic mercury in vivo. Intestinal flora plays an
important role in the decomposition and fecal excretion of MeHg. It has
been reported that the most active strains are Escherichia coli and lactobacilli from rat and bacteroides, bifidobacteria and E. coli from man.
The fructooligosaccharide (FOS) has been reported that bacteroides
and bifidobacteria can utilize this oligosaccharide, but E. coli cannot.
To reduce toxic risk by the function of food, we investigated the effect
of FOS and glucomannan (GM) on mercury (Hg) accumulation after a
single administration of MeHgCl (5 mg MeHgCl/kg). Female BALB/c mice
were housed in the metabolic cages and fed containing 0%, 5% FOS or
2.5% GM in a basal diet (AIN-76). Then urine and feces were collected
for 27 days. At the end of the experiment, mice fed the FOS diet showed
lower total Hg levels in brain and liver than animals fed the basal diet or
2.5% GM. Fecal Hg excretion in FOS-fed mice was markedly higher than
in basal diet-fed mice, whereas no difference was observed in urinary
Hg excretion. These results suggest that FOS accelerates fecal Hg excretion and subsequently decreases tissue Hg levels in mice. Now, we have
examined the mechanism of fecal Hg excretion by FOS.

2100 Evaluation of Neurobehavioral Disorders in

Methylmercury-Exposed KK-Ay Mice by Dynamic
Weight Bearing Test
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M. Yamamoto6, E. Motomura6, R. Yanagisawa5, V. A. T. Hoang6,7,,
M. Mogi1, T. Mori2, M. Nakamura6, M. Takeya4, and K. Eto3.
1Ehime University, Toon, Japan; 2Hoshi University, Tokyo, Japan;
3Jushindai, Tamana, Japan; 4Kumamoto University, Kumamoto,
Japan; 5National Institute for Environmental Studies, Tsukuba,
Japan; 6National Institute for Minamata Disease, Minamata,
Japan; and 7Prefectural University of Kumamoto, Kumamoto,
Japan.
Methylmercury (MeHg) is known to cause neurobehavioral disorders in
humans and experimental animals. We are studying MeHg toxicity in
type 2 diabetic KK-Ay mice to clarify the effect of glucose metabolism
disturbance on MeHg toxicity. In a previous study, we observed that
exposing 4-week-old KK-Ay mice to 5 mg Hg/kg MeHg resulted in severe
neurobehavioral disorders such as hindlimb clasping. Neurobehavioral
disorders due to MeHg exposure in rodents have been mostly evaluated by observation of hindlimb crossing, rota-rod performance test,
and footprint test. However, it is difficult to quantitatively evaluate the
neurobehavioral disturbance of MeHg-treated KK-Ay mice because of
their obesity. In this study, we administrated MeHg (5 mg Hg/kg/day
p.o.) to male KK-Ay mice three times per week for 5 weeks beginning at
12 weeks of age, and examined neurobehavioral disturbances using the
dynamic weight bearing (DWB) test, which has been used to assess pain.
MeHg-treated mice began to lose body weight approximately 4 weeks
after treatment was initiated. Seven of 9 MeHg-treated mice showed
neurological symptoms such as ataxia and gait disturbance in the final
stage of the experiment. The weight measured using the DWB test was
lower for the forelimb than for the hindlimb before MeHg treatment and
until 1 week after treatment was initiated. At weeks 2-4 pf MeHg exposure, the DWB load on the forelimb became similar to that on the hindlimb. After 5 weeks of exposure, the DWB load on the forelimb exceeded
that on the hindlimb. This finding indicates that the DWB test can be
useful for semi-quantitative evaluation of neurobehavioral disorders in
MeHg-exposed rodents.

2101 Inhibition of Dicarbonyl/L-xylulose Reductase

by Methylmercury in A549 Lung Epithelial Cells
Blocks Carbonyl Metabolism

S. Yang3, Y. H. Jan3, V. Mishin2, D. E. Heck1, D. L. Laskin2, and J.
D. Laskin3. 1New York Medical College, Valhalla, NY; 2Rutgers
University Ernest Mario School of Pharmacy, Piscataway, NJ; and
3Rutgers University School of Public Health, Piscataway, NJ.
Methylmercury (MeHg) is an important developmental toxicant affecting
many tissues, including the lung, brain and kidney. In the lung, MeHg
alters pulmonary surfactant composition and function. As an organometallic cation, MeHg binds proteins and its’ ability to form stable complexes with sulfhydryl-containing residues in proteins can alter enzyme
function. Dicarbonyl/L-xylulose reductase (DCXR) is a multifunctional
enzyme important in carbonyl detoxification and carbohydrate metabolism; it also plays a role in the reduction of L-xylulose, as well as pentoses, tetroses and trioses. Deficiencies in DCXR can result in pentosurea,
which is characterized by excessive urinary excretion of xylulose. As
metabolism of carbonyls is important in detoxification processes, herein
we aimed to determine if MeHg inhibits this metabolic pathway. Using
a recombinant enzyme, we found that human DCXR readily reduces
diacetyl (butane-2,3-dione) to acetoin (3-hydroxybutanone) (Km = 0.17
µM, Vmax = 39.7 µM/min, using NADPH as the co-substrate), as well as
xylulose to xylitol (Km = 0.50 µM, Vmax = 33.8 µM/min). MeHg caused
a concentration-dependent inhibition of diacetyl reduction (IC50 = 0.93
µM) and xylulose reduction (IC50 = 1.16 µM). This inhibition was ameliorated by dithiothreitol and cysteine indicating that MeHg reacts with
thiols in the enzyme forming reversible thiol mercurate modifications.
LC-MS/MS analysis of DCXR demonstrated that MeHg binds to Cys138
and Cys150, both residues are located in the active site pocket of the
enzyme and this results in enzyme inhibition. In A549 lung epithelial
cells, diacetyl is readily taken up and metabolized to acetoin which is
released into the culture medium where it can be detected by HPLC.
Treatment of A549 cells with MeHg inhibited the formation of acetoin
from diacetyl (IC50 = 64.1 µM) indicating that it inhibits cellular DCXR.
Taken together, our data demonstrate that DCXR is a critical target for
MeHg. Inhibition of DCXR can lead to disorders of sugar metabolism
and loss of carbonyl metabolism in the lung. (Supported by NIH grants
AR055073 and ES004738)

2102 Influence of Cys, GSH and pH on Mercury

Leaching Rate of Traditional Drugs (Cinnabar
and Zuotai) Containing Mercuric Sulfide in
Simulated Gastrointestinal Fluids

C. Li, Z. Zheng, M. Zhang, Y. Du, and L. Wei*. Northwest Institute of
Plateau Biology, Chinese Academy of Sciences, Xi‘ning, China.
Mercuric sulfide has been broadly used in some traditional medicine,
especially Chinese medicine and Tibetan medicine, for thousands of
years, and claimed to have therapeutic effects in clinic. Cinnabar (98%
α-HgS) and Zuotai (54.5% β-HgS) are the representative drugs containing mercuric sulfide. However, mercury is an environmental toxic
metal element, now the safety of the both drugs has been seriously
questioned. So far, it is still rarely known about the mercury leaching
rates of cinnabar and Zuotai in simulated gastrointestinal fluid and the
influence of sulfhydryl compounds (Cys and GSH) and pH on the above
leaching rates, which is very important for understanding the both traditional drugs. Therefore, the present research was designed to explore
the influence of Cys and GSH on the mercury leaching rate of cinnabar
and Zuotai in ultra pure water, artificial gastric juice and artificial intestinal juice. Besides, the mercury dissociation rates of cinnabar and Zuotai
in different pH solutions also were studied. The results show that the
mercury leaching rates of cinnabar are low in ultrapure water, artificial
gastric juice and artificial intestinal juice, and the leaching rates can be
promoted significantly by Cys and GSH. Meanwhile, the research also
suggests that the promoting effect of Cys is significantly higher than
GSH. However, the mercury leaching rate of Zuotai can be reduced significantly by Cys and GSH in ultra pure water and artificial gastric juice,
which is contrary to cinnabar. The mercury leaching rate of Zuotai is low
in artificial intestinal fluid, and that can be increased by Cys and GSH.
The promoting effect of GSH is significantly higher than Cys for Zuotai
in artificial intestinal fluid. In the range from pH value of 1 to 13, the
degrees of dissolution for mercury of cinnabar and Zuotai in pH 1 and
pH 13 are higher than others, and that in neutral solution are lowest.
The mercury leaching rate of cinnabar in pH 13 are higher than that in
pH 1, but Zuotai is opposite. As a conclusion, the present research has
revealed the effects of Cys, GSH and pH on the mercury leaching rate of
cinnabar and Zuotai, and that could promote the understanding of the
both traditional drugs containing mercuric sulfide in terms of clinical
safety.

Renal Toxicity in Male Sprague-Dawley Rats

N. Sadekar, and L. Trombetta. St. John’s University, Queens, NY.
Ayurveda is an ancient Indian medical system, which employs the use of
herbal products and mineral based products for various medicinal uses.
Ras Sindoor (RS) is an inorganic form of mercury, which is manufactured
by combining purified mercury with purified sulfur and processed under
controlled conditions to obtain red mercuric sulfide. This formulation
is used as an alleged therapeutic agent for urinary disorders, loss of
strength, immune deficiency, inflammation and weakness of the heart.
Ayurveda’s claim regarding RS’s safety and efficacy is unsubstantiated.
Such medicines are easily available for purchase over the Internet. As a
result, people desperate for economic and holistic therapeutic alternatives are likely to use them. The current study aims to determine the in
vivo effects of RS using male Sprague-Dawley rats. Animals were orally
gavaged for 60 consecutive days with either 35-45% w/w honey in ultra
pure water (vehicle control), 18mg/kg RS in vehicle (test) or 18mg/kg red
mercuric sulfide (HgS) in vehicle (positive control). Urine was collected
weekly and stored at -20°C for further analyses. Animals were euthanized
and trunk blood was collected and processed for serum analysis. Organs
collected were either stored in liquid nitrogen for elemental analysis,
fixed in 10% neutral buffered formalin (pH 7.4) for light microscopy or
fixed in 3% glutaraldehyde in Sorensen’s Phosphate buffer (pH 7.4) for
transmission electron microscopy (TEM). Formalin fixed kidney sections
obtained from RS and HgS exposed animals, stained with MassonTrichrome, revealed renal fibrosis, glomeruli with thickened basement
membrane and necrotic tubular cells in comparison to control. TEM
sections of kidneys from treated animals revealed fused foot processes,
thickened glomerular basement membrane, damaged mitochondria
and the appearance of swollen brush border in the proximal tubule.
Mercury levels in RS and HgS treated urine samples were found significantly different at p<0.0001 compared to baseline samples, RS treated
urine samples were significantly different at p<0.001 compared to
control, and HgS treated urine samples were significantly different at
p<0.01 compared to control. Weekly mercury levels in the urine from
treated animals showed increasing levels followed by a decrease after
3 weeks of treatment. Renal toxicity resulting from oral exposure to Ras
Sindoor highlights the toxic potential of Ras Sindoor-like mineral based
Ayurvedic medicines.

2104 Acute and Chronic Exposure to MeHg Inhibits
Myogenic Differentiation and Fusion and
Reduces Notch Signaling in C2C12 Myoblasts

L. Prince, and M. D. Rand. University of Rochester, Rochester, NY.
Methylmercury (MeHg) exposure has been shown to cause both motor
and cognitive defects, with children exposed in utero being the most
vulnerable. Research over the past several decades has focused primarily on neuronal targets, as they are understood to be the most sensitive to MeHg toxicity. Despite the prevalence of motor deficits that
accompany MeHg toxicity, few studies have examined the potential
contribution of muscle targets. Data from our lab, in Drosophila, have
shown that MeHg disrupts development of both neurons and muscles.
We further demonstrated that MeHg tolerance and susceptibility
in developing flies associates with core genes in pathways of muscle
and neuromuscular development. Furthermore, we have shown that
a Notch receptor target gene that is specific to muscle development
is preferentially upregulated by MeHg in Drosophila. Therefore, we
hypothesized that muscle is an unrecognized target of MeHg, and that
upregulation of Notch target genes involved in myogenesis mediates
the disruption of developing muscle by MeHg. We tested this hypothesis by examining gene expression and morphological phenotypes in
differentiating C2C12 mouse myoblasts exposed to MeHg. We found
that both a 4-day low-level and a 24-hour higher-level dose of MeHg
reduce the differentiation potential of the C2C12 myoblasts, as seen by
an inhibition of myogenin (myogenic factor 4) and retention of Pax7
expression. With 24-hour treatments, lower doses are seen to inhibit
fusion, but not differentiation, of the myoblasts, as seen by a decrease
in the number of nuclei per myotube. Unexpectedly, MeHg was shown
to repress a transient increase in Notch target gene expression that is
seen with normal differentiation events in this model. Future studies aim
to further investigate the role of Notch signaling in MeHg myotoxicity.
Our findings support the hypothesis that muscle tissue plays a role as a
developmental target for MeHg toxicity.

2105 Multidrug Resistance-Associated Protein 2 and
Its Role in the Pharmacokinetics of Inorganic
Mercury

C. Bridges2, C. Oliveira1, L. Joshee2, and R. K. Zalups2. 1Federal
University of Santa Maria, Santa Maria, Brazil; and 2Mercer
University School of Medicine, Macon, GA.
Multidrug resistance-associated protein 2 (MRP) is a member of the ATP
binding cassette superfamily. It has been shown to mediate the proximal tubular secretion of numerous compounds, including pharmacological agents, metabolic wastes, and certain xenobiotics. Recent studies
show that MRP2 is involved in the export of mercuric species from within
proximal tubular cells. Therefore, the purpose of the present study was
to characterize the pharmacokinetics of inorganic mercury (Hg2+) transport via MRP2 using in vivo and in vitro models. Wistar and TR¯ (Mrp2deficient) rats were exposed intravenously to 0.5 mg kg-1 2mL-1 HgCl2,
containing radioactive Hg2+ and rats were euthanized 15 min, 1 h, 2 h, 3
h, or 24 h later. The amount of Hg2+ in organs and tissues was estimated
via gamma spectroscopy. The uptake of Hg2+ as a conjugate of Cys was
assessed in inside-out membrane vesicles made from Sf9 cells overexpressing human MRP2. The findings from the in vivo studies suggest that
Mrp2-mediated uptake of Hg is saturated after one hour. After twenty-four hours, some Hg2+ was removed via excretory processes and it
became clear that the absence of Mrp2 in TR¯ rats contributes to the
renal accumulation of mercuric ions. These findings suggest that MRP2
is a high affinity, low capacity system for Cys-S-conjugates of Hg2+. To
our knowledge, these data are the first to characterize the pharmacokinetics of Hg2+ at the site of Mrp2. Data obtained from these studies may
be useful for therapeutic intervention following mercury exposure.

2106 Functional Analysis of tmRT1, a Novel

Transcription Factor, in the Induction of TNF-α
Gene Expression by Methylmercury

N. Endo2,1,, A. Naganuma2, and G.-W. Hwang2. 1Kyorin
Pharmaceutical CO., LTD., Nogi, Japan; and 2Tohoku University,
Sendai, Japan.
Methylmercury is an environmental pollutant known as a causative
agent of Minamata disease. However, the molecular mechanism about
the methylmercury toxicity is still unclear. We recently found that tmRT1
(TNF-α; related methylmercury-responsive transcription factor 1) might
be involved in the enhancement of methylmercury toxicity in HEK293
cells through the increase of TNF-α; gene expression. Thus, in this study,
we examined the role of tmRT1 in methylmercury toxicity enhanced
by the increase of TNF-α; gene expression. We examined the intracellular distribution of tmRT1 protein, and found that tmRT1 were mainly
located in the nucleus, and methylmercury did not affect its distribution.
We next examined the effect of methylmercury on recruitment of tmRT1
to the TNF-α; promoter region using DNA-protein binding assay, and
found that the binding level of tmRT1 to the TNF-α; promoter region
was significantly increased by treatment with methylmercury. These
results indicate that the tmRT1 is involved in the induction of TNF-α;
gene by methylmercury as a transcription factor. We next established
tmRT1-overexpressing cells, and examined the effect of tmRT1 on the
induction of TNF-α;. Overexpression of tmRT1 increased the level of
TNF-α; mRNA and inhibited the cell proliferation. This inhibition was
partially improved by treatment with a TNF-α; antagonist, suggesting
that TNF-α; is partially involved the inhibition of cell proliferation by
overexpression of tmRT1. tmRT1 has a homeodomain which is known
to promote transcription by connected in specific motif, however, its
domain was not involved in the induction of TNF-α; by overexpression of
tmRT1. Thus, we analyzed the domain of tmRT1, and found that amino
acid residues 123-238 of tmRT1 were important to increase the level
of TNF-α; mRNA. Further, we analyzed the promoter region of TNF-α;
interacted with the tmRT1, and found that tmRT1 binds to the sequence
approximately 1100 base pairs upstream from the TNF-α; transcription
initiation point. Our findings suggest that tmRT1 is activated by methylmercury and might contribute to the enhancement of methylmercury
toxicity as a novel transcription factor involved in TNF-α; gene expression.

261
SOT 2017 Annual Meeting

2103 Orally Administered Ras Sindoor-Mediated

2107 Characterization of the Effects of Phynel

Mercuric Acetate Exposure on the Lipid Profiling
of Caenorhabditis elegans

S. Jamadar, K. Anthony, D. Hlangothi, and F. Abdel-Rahman. Texas
Southern University, Houston, TX.
Exposure to Mercury compounds from environmental and food sources
are a serious threat to public health. Organomercuric compounds
such as phenyl mercuric acetate (PMA) can cause harmful damage
to the nervous system with sensory and motor deficits syndromes.
Caenorhabditis elegans studies showed that chronic exposure to mercury
compounds induces neuron degeneration likely due to the increase in
reactive oxygen species (ROS). C. elegans is used to study the increase
in ROS following to PMA exposure, and it is also utilized to identify the
effect of PMA on lipid profiling as a proven model for lipid metabolism
research. The methodology involved chronic exposure to sub-lethal
concentrations of PMA to investigate its toxic effect. Exposed worms
were used in assessing the oxidative damage of PMA; this assay involved
the use of probe; 2,7-Dichlorodihydrofluorescein diacetate (DCFH-DA).
Fluorescence intensity was measured using Spectrofluorometer at excitation 430nm and detection 530nm. Also, chronically exposed worms
to PMA are used to investigate the effect of PMA on the lipid profile
of C. elegans. Lipid profiling is analyzed by using Ion Trap liquid chromatography-mass spectrometry (LC-MS) and High performance thin
layer chromatography (HPTLC). Results showed a positive relationship
between increased concentrations of PMA and ROS level in the exposed
C. elegans, which eventually affected the lipid profiling of the nematodes. HPTLC and Ion Trap LCMS results showed differences in the lipid
profile after exposure to sub-lethal concentrations of PMA. Also the
results revealed that the changes in the lipid profile are dose dependent.
Elucidation and identification of the chemical lipid components will be
presented.

2108 Lipid Metabolism Reprogramming in Hexavalent
Chromium-Induced Lung Carcinogenesis

J. T. Wise, L. Wang, J. A. Hitron, Z. Zhang, and X. Shi. University of
Kentucky, Lexington, KY.
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Hexavalent chromium, Cr(VI), is a known human carcinogen that is a
worldwide environmental health concern. It is well understood that
reactive oxygen species, genomic instability, and DNA repair deficiency
are important contributors to Cr(VI)-induced carcinogenesis. However,
some key cancer hallmarks for the mechanism of Cr(VI) carcinogenesis
remain understudied. Increased de novo lipid synthesis is an important
mechanism of carcinogenesis and tumorigenesis in multiple types of
cancers. However, it is still unclear the roles of this reprogramming
plays in Cr(VI) carcinogenesis. It has previously been reported that acute
exposure to Cr(VI) can increase glycolysis and decrease mitochondrial
respiration in human lung cells. Here, we report for the first time that
Cr(VI) is able to induce expression of lipogenesis proteins. Specifically,
our preliminary data show prolonged exposure (120 h) of human
lung epithelial cells (BEAS-2B cells) to sodium chromate increases ATP
citrate lyase (ACLY), fatty acid synthase (FASN), and sterol regulatory
element-binding protein 1 (SREBP-1) expressions. We observed similar
results in human lung fibroblasts (WTHBF-6 cells). Chronic exposure
(one month) to sodium chromate increases ACLY, acetyl-CoA carboxylase 1 (ACC1), and FASN in expression in BEAS-2B cells. Future work
is aimed at continuing investigating changes in lipid metabolism and
the mechanism that regulate lipid metabolism in Cr(VI)-induced lung
carcinogenesis.

2109 Modulation of Hexavalent Hepatotoxicity by
Different Extract of Cannabis sativa in Swiss
Albino Rats

K. A. Akinwumi1, o. O. Osifeso2,3,, R. O. Gbadamosi1, N. A.
Abubakar1, A. A. Taiwo2, and O. A. Odunola3. 1Bells University of
Technology, Ota, Nigeria; 2Moshood Abiola Polytechnic, Abeokuta,
Nigeria; and 3University of Ibadan, Ibadan, Nigeria.
Hexavalent chromate compounds are toxic and high level exposure has
been implicated in several disease conditions including cancer. Research
on effective treatment of Cr (VI) toxicity is on-going as no effective treatment is yet to be discovered. The study evaluates the effect of ethanol
(ETCS), ethyl acetate (EACS) and n-hexane (HCS) extracts of Cannabis
sativa on potassium dichromate (K2Cr2O7) induced hepatotoxicity in rats.
Seventy-two male albino rats were divided into nine groups of eight
animals each. Negative and vehicle control rats had de-ionized water
and olive oil, while positive control rats were injected with 12.5 mg/kg
K2Cr2O7 (i.p) once per week. Test rats were exposed to 25 mg/kg b.w of

ETCS, EACS and HCS alone every other day for 5 weeks or in combination
with a single dose of K2Cr2O7 per week before the rats were sacrificed.
Phytochemical and proximate analyses were also carried out on the
extracts. Aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphate (ALP), total protein, albumin, total cholesterol,
HDL cholesterol, LDL cholesterol, malondialdehyde (MDA) and catalase
(CAT) levels were assessed in the serum and liver. The K2Cr2O7 significantly (p < 0.05) increased AST, ALT and MDA, while catalase activity
was decreased when compared with the control group. Treatments
with ETCS and EACS ameliorated the toxicity of K2Cr2O7 by reversing the
values towards that of the control, while HCS exacerbated it. Cannabis
sativa is rich in phenols, saponins, flavonoids and carbohydrates. Our
result suggests that ETCS and EACS could modify hexavalent chromate
induced hepatotoxicity.

2110 Bioremediation-Reduction of Hexavalent
Chromium

J. Ewan, C. V. Duscent, C. Hawkins, and S. Bradley. Claflin University,
Orangeburg, SC. Sponsor: A. Baines.
Several sites across the US were built to facilitate the production of
nuclear weapons for the nation’s defense programs during the cold war.
However, the chemical and radioactive wastes that were byproducts of
nuclear material production were not disposed of properly resulting in
soil and groundwater contamination. The toxic hexavalent chromium
[Cr (VI)] is a major contaminant at these sites but can be reduced to the
less toxic Cr (III). Bioremediation is a method that uses microorganisms
to remove contaminants. The purpose of the experiment is therefore
to isolate and characterize different bacterial isolates that are capable
of reducing Cr (VI) to Cr (III). Because of the potential for bacteria to
survive exposure to toxic chemicals in the wastewater, we reasoned that
these bacteria would be likely candidates for bioremediation. Activated
sludge samples were retrieved from the Department of Public Utilities
Wastewater Treatment Plant in Orangeburg, SC. The samples were
diluted and plated on BHI agar to culture the bacteria. Individual isolates
were examined for K2Cr2O7 [source of Cr (VI)] resistance in BHI medium.
Growth curves of the isolates were done to determine which isolates
are capable of withstanding high K2Cr2O7 concentrations. Chromium
detection assays were carried out over 48 hours to determine the Cr (VI)
remaining in the bacterial supernatants. We isolated thirteen bacterial
strains, six of which showed tolerance to 200 ppm of K2Cr2O7. Three isolates that grew well in broth containing 50 ppm K2Cr2O7 as compared to
the bacteria in medium alone were selected for further study. When the
bacteria were incubated in 50 ppm K2Cr2O7, the culture supernatants
of the isolates had 1-7% of Cr (VI) remaining after 48 hours. These data
suggests that the isolates may be useful in bioremediation to remove or
eliminate Cr(VI) in contaminated soil and groundwater.

2111 Integration of Transcriptomics and High-

Throughput Screening Predictions with Robust
In Vivo Data to Inform Hexavalent Chromium
Mode of Action

J. E. Rager1, C. M. Thompson2, C. Ring1, R. C. Fry3, and M. A.
Harris2. 1ToxStrategies, Inc., Austin, TX; 2ToxStrategies, Inc.,
Houston, TX; and 3University of North Carolina, Chapel Hill, NC.
The toxicology associated with hexavalent chromium [Cr(VI)] in
drinking water has been studied extensively both in vivo and in vitro.
Cr(VI) is therefore uniquely suited to serve as a valuable case study on
utilizing emerging methodologies to understand chemical-induced
toxicity in the risk assessment setting. This study set out to evaluate
high throughput screening (HTS) and other in vitro study data relevant to Cr(VI), and compare these findings with robust in vivo data,
including transcriptomic profiles in tissues where Cr(VI) induced cancer.
Evaluation of Tox21 HTS data identified 20 active assay endpoints below
cytotoxicity burst thresholds, four of which relate to TP53 (tumor protein
53) activation and four of which relate to cell death / proliferation. These
endpoints reflect topics of discussion currently surrounding Cr(VI) mode
of action, whereas inactive assays do not, demonstrating the utility of
HTS data in prioritizing events for further evaluation. HTS results were
also consistent with other in vitro study findings. For instance, querying
the Comparative Toxicogenomics Database for in vitro responses to
Cr(VI) exposure resulted in the identification of 3502 genes. These genes
were highly enriched for apoptosis, DNA damage, and p53 pathway
responses, as identified through the Ingenuity Knowledgebase. In vitro
responses were compared to in vivo transcriptomic responses showing
dose-dependent changes to Cr(VI) in the most sensitive target tissue,
the duodenum, of mice exposed to ≤ 180 ppm Cr(VI) for 7 and 90 days.
Pathways that responded to Cr(VI) both in vitro and in vivo included
those relevant to apoptosis and cell proliferation; however, pathways
relevant to p53 signaling / DNA damage were identified in vitro but not

2112 Using Leatherback Sea Turtles (Dermochelys

coriacea) As a Model Species for Metal
Toxicology Research and Public Education in
Vieques, Puerto Rico

R. M. Speer1, J. L. Young1, M. M. Bras3, M. Barandiaran2, L. MárquezD’Acunti3, and J. P. Wise1. 1University of Louisville, Louisville,
KY; 2US Fish and Wildlife Services, Vieques, PR; and 3Vieques
Conservation and Historical Trust, Vieques, PR.
Leatherback sea turtles are an endangered marine species that face
many human-derived threats including exposure to environmental
contaminants. Leatherbacks are a long-lived, deep-diving, large marine
reptile at risk for long-term exposure and accumulation of metals such
as the global pollutant, hexavalent chromium [Cr(VI)]. We pursue a One
Environmental Health approach that incorporates considerations of the
health of humans, wildlife, and the ecosystem to gain a comprehensive
view of total health. Thus, we use leatherbacks as a model species to
understand the threat of metal pollution to them, to monitor the health
of the oceans, and to understand human health at our field location in
Vieques, Puerto Rico. Vieques is a high nesting location for leatherback
sea turtles providing access for their study and an opportunity to involve
the local community in an educational scientific research program. To
accomplish this we employed several methods: 1) We collected turtle
tissue samples to measure metal levels including Cr(VI). 2) We established primary leatherback cell lines to measure Cr(VI) induced cytotoxicity and genotoxicity and compare those outcomes to the same
endpoints in human cell lines. 3) We measured DNA and chromosome
damage in fresh turtle samples to determine if damage occurs in the
individual and to monitor the population. We found Cr(VI) induced a
similar level of cell death and DNA damage in treated leatherback cells
comparable to human cells. Additionally, we established a baseline for
metal, DNA damage, and chromosome damage levels in these animals.
We find leatherbacks appear to be a useful model to monitor the health
effects of metals using the One Environmental Health approach. Research
reported in this publication was supported by grant number ES016893 from
the National Institute of Environmental Health Sciences (JPW), The Maine
Space Grant Consortium (JPW), The Ocean Foundation (JPW), and The
Henry Foundation (JPW, The Curtis and Edith Munson Foundation).

2113 Cr(III) Interacts with Acetylated Histone
X. Zhou2, K. J. Liu2, and J. P. Wise1. 1University of Louisville,
Louisville, KY; and 2University of New Mexico, Albuquerque, NM.
Hexavalent chromium [Cr(VI)] is a well-established human lung carcinogen. However, the mechanisms for Cr(VI)-induced carcinogenesis is
uncertain. Among the various Cr(VI) compounds, the water-insoluble
or ‘particulate’ salts are the most potent carcinogens. Recent studies
indicate that particulate Cr(VI) induces chromosome instability, which
is a hallmark of human lung tumors. However, how Cr(VI) induces chromosome instability is poorly understood. Once inside the cell Cr(VI) is
rapidly reduced to Cr(III) via a number of reactive intermediates, many of
which, including Cr(III), have a positive charge to all of them to bind with
the negatively charged acetyl groups. We hypothesized that Cr(III) binds
to acetyl groups, thus alters acetylation and histone deacetylase activity.
By utilizing ESI mass spectrometry, we tested Cr(III) and Cr(VI) interaction
with non-acetylated and acetylated lysine-rich histone H3.2 peptides.
We found that Cr(III), not Cr(VI), bound with acetylated histone, however
neither Cr(III) or Cr(VI) showed binding with non-acetylated histone.
Furthermore, Cr(III) showed 1:1 ratio in binding with acetylation group.
And intrinsic fluorescent spectra showed that Cr(III) binding changed
the tertiary structure of acetylated histone. These findings will help the
understanding of Cr(VI)’s carcinogenic mechanism by not only demonstrated the direct interaction of Cr(III) and acetylated histone for the first
time, but also gave the insight to the molecular mechanism of alteration
of histone acetylation by Cr(VI) through Cr(III)-acetylation interaction.
This work was supported by NIEHS grant ES016893 (J.P.W.).

2114 Characterization of Chromium Reducing Bacteria
from a Wastewater Treatment Plant

C. V. Duscent, J. Ewan, C. Hawkins, S. Bradley, and R. H. Harris.
Claflin University, Orangeburg, SC. Sponsor: A. Baines.
In 1980, the Superfund program was established by the United States
federal government to clean up sites contaminated with hazardous
waste. Hexavalent chromium Cr(VI) ranks number 17 on the list of toxic
substances compiled by the Agency for Toxic Substances and Disease
Registry. Bioremediation using microorganisms is one method that can
be used to reduce Cr(VI) to its less toxic form Cr(III). Previously, bacterial isolates were collected from the Orangeburg Wastewater Treatment
Plant in Orangeburg SC that were able to reduce Cr(VI) to Cr(III). The
purpose of this research was to determine if viable bacteria were
needed for reduction. The isolates were heat killed and then stained
using crystal violet to ensure that they were not lysed as a result of the
heat treatment. The heat treated bacteria were incubated in 50 ppm
K2CrO7. After 48 hours of incubation, the cultures were sampled and the
bacteria centrifuged out. The supernatants were then tested for residual
Cr(VI) using diphenylcarbazide. Our data show that 90% of the Cr(VI)
remained in the supernatant for two of the isolates and 70% remained
in the supernatant for the other isolate. These data shows that the bacteria need to be viable in order to completely reduce Cr(VI) and that the
biomass for one of the isolates can adsorb Cr(VI).

2115 Potassium Dichromate Nephrotoxicity:

Ameliorative Effect of Extracts of Cannabis sativa
Leaves

O. O. Osifeso4,5,, K. A. Akinwumi1, O. A. Afuape4, K. J. Oseni4, R. A.
Adeniji4, N. A. Abubakar3, and R. O. Gbadamosi2. 1Bells University
of Technology, Abeokuta, Nigeria; 2Bells University of Technology,
Ota, Nigeria; 3Bells University of Technology, Otra, Nigeria;
4Moshood Abiola Polytechnic, Abeokuta, Nigeria; and 5University
of Ibadan, Ibadan, Nigeria.
Chromate (VI) compounds are environmental carcinogens that continue
to threaten the health of millions of exposed individuals in industrial and
environmental settings. The toxicants target several organs including
the kidney and the search for an effective treatment is on-going. This
study investigates the effect of ethanol (ETCS), ethyl acetate (EACS) and
n-hexane (HCS) extract of Cannabis sativa on potassium dichromate
(K2Cr2O7) induced nephrotoxicity in rats. Seventy-two male albino rats
were divided into nine groups of eight animals each. Control rats had
de-ionized water and olive oil, while positive control rats were injected
with 12.5 mg/kg K2Cr2O7 (i.p) once per week. Test rats were exposed to
25 mg/kg b.w of ETCS, EACS and HCS alone every other day for 5 weeks
or in combination with a single dose of K2Cr2O7 per week before the
rats were sacrificed. Urea, creatinine, total protein, albumin and malondialdehyde (MDA) levels were assessed in the serum and kidney. The
LD 50 values of the extracts were determined prior to the experiment.
The LD 50 of EACS and HCS were 5500 and 4500 mg/kg bd wt. respectively, while the ETCS was not-toxic at 6000 mg/kg bd.wt. The K2Cr2O7
increased significantly (p <0.05) urea, creatinine and renal MDA levels.
Treatments with ETCS and EACS attenuated the toxicity of K2Cr2O7 by
restoring the markers towards the level of the control, while HCS had no
effect. Our results suggest that ETCS and EACS have promising potentials in ameliorating K2Cr2O7 induced nephrotoxicity in rats.

2116 Distinct Metabolomic Profiles in Inbred Mouse
Strains and Correlation with Iron

R. Zeidan3, D. Medina-Cleghorn1, K. Page1, S. McLachlan1, E. Eskin2,
D. Nomura1, and C. Vulpe3. 1University of California Berkeley,
Berkeley, CA; 2University of California Los Angeles, Los Angeles, CA;
and 3University of Florida, Gainesville, FL.
Introduction: Differences between the strains in their metabolic profiles
and the variation in metabolic profiles in response to environmental
influences are partly genetically determined and this difference could
be used to map genes underlying it. Methods: Six strains of inbred mice
were studied: A/J, AKR/J, BALB/cJ, C57BL/6J, C3H/HeJ, DBA/2J. Eight replicates from each strain, all males, were on iron-defined diet (35ppm iron)
and were sacrificed at 10 weeks of age. Liver samples were obtained,
lipid extraction was done and metabolome was analyzed using Triple
Quadrupole LC/MS run (LCMSMS) to obtain the metabolomics profile
(141 lipid metabolites). Results were normalized according to the dry
weight of the liver sample and the internal standard. Normalized data
was checked for outliers (2 samples removed), log transformed and analyzed by ANOVA. Bonferroni correction has been applied to account for
multiple testing (p=0.00035). Pearson’s r of mean strain values of each
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in vivo. Benchmark dose modeling and phenotypic anchoring of the
in vivo transcriptomic responses strengthened the finding that Cr(VI)
causes cell stress and injury followed by proliferation in the mouse duodenum at high doses. These findings contribute to the body of evidence
supporting a non-mutagenic mode of action for Cr(VI)-induced intestinal cancer through the analysis of HTS and transcriptomics data.

metabolite was used to calculate correlation of metabolites between
the strains and between metabolites and iron. Results: Around 60% of
the metabolites show statistically significant differences between the
strains by nominal p-value (p<0.05). When we applied Bonferroni correction, there are 21 metabolites significantly different between the
strains, which accounts to around 15%. 13 metabolites showed correlation above +/-0.8 with iron, with additional 8 showing correlation
above +/-0.7. Conclusions: Our finding of reproducible differences in
metabolite profiles between inbred strains suggests that mapping of
the underlying genetic variation responsible for the differences could
be possible using a larger inbred and recombinant inbred mouse QTL
mapping panel.

2117 Tungsten Targets Bone Resorption by Enhancing
Osteoclasts in the Bone

A. M. Bolt, H. Chou, M. P. Grant, D. Plourde, F. Mwale, and K. K.
Mann. McGill University, Montreal, QC, Canada.
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Tungsten is an emerging environmental toxicant, yet little is known
about the potential human health consequences of exposure. Tungsten
rapidly accumulates in the bone in a dose-dependent manner, making
it a long-term storage site for tungsten and a source of chronic exposure. The bone is a dynamic organ that is constantly being remodeled. Bone remodeling is an intricate balance between the extent of
bone formation driven by osteoblasts and bone resorption driven by
osteoclasts. Previously, we have shown that tungsten targets bone
formation by promoting adipogenesis. In vitro, sodium tungstate
tipped the balance of mesenchymal stromal cell differentiation by promoting PPARγ-mediated adipogenesis and inhibiting osteogenesis. In
5-week-old, male, C57BL/6 mice, oral sodium tungstate exposure for 4
weeks increased adipogenesis within the bone marrow. To evaluate the
overall effect of tungsten exposure on bone remodeling, we also evaluated the effects of tungsten on bone resorption. In 5-week-old, male,
C57BL/6 mice, oral sodium tungstate exposure for 4 weeks increased
the amount of TRAP positive osteoclasts within the bone marrow. In
addition, in vitro, tungsten primed precursor cells to be pro-osteoclastogenic. Sodium tungstate increased the gene expression of osteoclast
genes Acp5 and Ctsk and promoted the differentiation of TRAP positive
mono-nucleated osteoclasts. In addition, tungsten enhanced RANKLmediated osteoclastogenesis, as observed by an increased number
of mono- and multi-nucleated osteoclasts when precursor cells were
co-treated with sodium tungstate and RANKL. Our work demonstrates
that tungsten targets bone biology by both reducing bone formation
and at the same time, enhancing bone resorption, which could shift the
balance of bone remodeling and have negative consequences on bone
structural integrity and strength.

overestimate human health risks from ingestion of cobalt, the use of an
alternate oral RfD based on more recent data and information may be
warranted in the derivation of a ACL for cobalt. Using an oral RfD of 0.03
mg/kg-day and the US EPA RSL Calculator (http://epa-prgs.ornl.gov/
cgi-bin/chemicals/csl_search), the proposed ACL for cobalt is 601 ug/L.

2119 Longitudinal Surveillance of Renal Effects in
Depleted Uranium (DU)-Exposed Gulf War
Veterans

M. McDiarmid, J. Gaitens, M. Condon, M. Oliver, P. Gucer, and K.
Squibb. Department of Veterans Affairs Medical Center, Baltimore,
MD.
Although the initial target of soluble Uranium (U) toxicity was thought
to be the kidney, recent data from our Uranium- exposed Veteran cohort
and results from others, challenge this notion. Since 1994, a group of
Gulf War I Veterans (N=80) wounded in depleted uranium (DU) friendlyfire incidents have been monitored in a clinical surveillance program at
the Veterans Affairs Medical Center, Baltimore. Some cohort members
retain DU soft tissue fragments which serve as a depot of on-going U
exposure. Uranium biomonitoring and a health evaluation containing
renal outcome measures have been performed biennially. Results after
stratifying the cohort into a low U group (urine U < 0.10 mcg U/g creatinine) and a high U group (Urine U >0.10 mcg U/g creatinine) reveal no
consistent renal effect differences between the two exposure groups.
Repeated measures to be displayed include routinely used clinical
markers (serum creatinine, phosphate, calcium, urinary glucose and uric
acid), proximal tubule markers (microalbumin, B2-microglobulin, and
retinol binding protein) and the newer acute kidney injury measures
(IL-18, KIM-1 and NGAL). Most results have also continued to be in the
normal range. Outcomes in other recently reported U-exposed cohorts
have also shown a similar paucity of renal effects. Reasons for the lack
of renal effects observed, compared to classically described U injury
may include exposure intensity differences between the contemporary
U-exposed cohort described here, compared to energy workers historically exposed to much higher U-levels. Other effect differences may
derive from different outcomes observed after chronic exposure (eg. via
diet or mobilization of U ions from a DU fragment) versus that resulting
from the acute insult of a laboratory test battery exposure. Observations
of renal ‘tolerance’ to U exposure reported historically, also might
bolster this chronic versus acute injury argument, although true ‘tolerance’ remains controversial. Twenty-five years since first exposure, a
cohort of DU-exposed Veterans continue to demonstrate no clinically
significant renal impairment. This observation, together with recent evidence from human autopsies suggesting that the kidney may not be a
significant long term storage depot for U, implies that surveillance batteries for exposed populations should assess a wider array of potential
organ system targets for sentinel effects of U exposure.

2118 Development of an Alternative Concentration
Level (ACL) for Cobalt

L.
M. Jackson1, and L. J. Bradley2. 1Haley & Aldrich, Inc., Ann
Arbor, MI; and 2Haley & Aldrich, Inc., Boston, MA.
Fell1,

Cobalt (Co) is a naturally-occurring element found in small amounts in
most rocks, soil, water, plants, and animals. Uses of cobalt compounds
include pigments in glass and paints, catalysts in the petroleum industry,
alloys for industrial applications, and additives in agriculture and medicine. Cobalt is also present in coal ash, and under some conditions
may leach from a coal ash deposit to underlying groundwater. Based
on these uses and potential exposures in the environment, federal and
state authorities have established groundwater, drinking water and
tapwater screening levels to be protective of potential health effects
associated with cobalt. There is no federal drinking water standard or
maximum contaminant level (MCL) for cobalt. The current United States
Environmental Protection Agency (US EPA) tapwater Regional Screening
Level (RSL) for cobalt is 6 ug/L, which was developed using an US EPA
(2008) preliminary peer-reviewed reference toxicity value (PPRTV) of
0.0003 mg/kg-day. Under federal programs, the US EPA’s Integrated Risk
Information System, or IRIS (US EPA, 2016) is the authoritative source of
toxicity values. A PPRTV is a value that is derived using US EPA guidance,
but has not had the full rigorous peer review that would allow it to be
published as a final value on US EPA’s IRIS database. Thus, such values
are to be used with caution. Since the PPRTV toxicity value was derived,
additional toxicological assessments and data have been developed for
cobalt. An assessment of these recent and robust evaluations of cobalt
toxicity demonstrate that the PPRTV oral RfD used in the calculation of
the current US EPA RSL likely greatly overestimates potential non-cancer
risks associated with cobalt by an approximate factor of 100. This overestimation of the PPRTV oral RfD is corroborated by typical dietary Co
intake levels in the US ranging from 5-40 ug Co/day that may actually
exceed the equivalent intake value of 24 ug Co/day as calculated from
the PPRTV oral RfD. Because the current PPRTV oral RfD significantly

2120 Time Study of Gene Expression in Mouse Muscle
after Nickel Pellet Implantation

D. I. Bannon3, W. Bao1, W. McCain3, S. Turner2, and R. Abounader2.

1SAS, Inc., Cary, NC; 2University of Virginia School of Medicine,

Charlottesville, VA; and 3US Army Public Health Center, Edgewood,
MD.
The transition metal nickel had been associated with respiratory cancers
in occupational settings and induces tumors when implanted into
rodent muscle tissue. In this examination of the temporal effects of
nickel in muscle, we used a C3H mouse model and a small nickel pellet
implanted into the right leg, with the left leg as control, and carried
out microarray analysis on tissue surrounding the pellets every three
weeks for one year. Systematic nickel levels were high throughout the
study period, peaking in the first 12 weeks at over 600 and 10,000 µg/L
in serum and urine respectively with levels of 60 and 2000 µg/L after
51 weeks. Control serum and urine measured ~6 µg/L and ~142 µg/L.
Temporal gene expression relative to concurrent controls was cyclical
over time, peaking at 10 week intervals approximately. Enrichment analysis showed that the primary response was from the immune system,
with the top 5 upregulated genes being Mmp13, Saa3, Prl2c2, Fcgr4
and Spp1. The impact of nickel induced temporal gene expression on
pathways is explored.

Protein (SLBP) Depletion: A Potential Pathway
for Nickel-Mediated Cellular Transformation

A. Jordan, X. Zhang, J. Li, and M. Costa. New York University, New
York, NY.
Nickel compounds have been established as a group I carcinogen for
several decades. Despite over-whelming evidence of nickel compounds’
carcinogenicity in humans, the underlying molecular mechanisms
that govern nickel induced cellular transformation remain unclear. In
this study, we reported that nickel exposure significantly reduced the
levels of stem-loop binding protein (SLBP), a protein crucial for canonical histone mRNA metabolism. Consequently, the levels of polyadenated histone H3.1 were increased in nickel-exposed cells. Further
studies showed that nickel depleted SLBP by both transcriptional and
post-translational regulation. Co-treatment with histone deacetylase
inhibitor (sodium butyrate) or DNA methylation inhibitor (5-aza-deoxycytidine) was able to rescue nickel-reduced SLBP mRNA levels,
suggesting an involvement of epigenetic regulation. Moreover, nickel-induced depletion of SLBP protein can be reversed by MG-132, the
proteasome inhibitor, suggesting SLBP protein degradation is affected
by nickel exposure. Taken together, these results suggested that a new
mechanism, by which nickel down-regulated SLBP expression and facilitated carcinogenic polyadenation of canonical histone mRNA, might
underlie its carcinogenicity.

2122 Potassium Permanganate Use in South Africa:
An Ethnopharmacological Profile

R.
G. Kabera1,2,, and C. Connolly1. 1South African
Medical Research Council, Durban, South Africa; and 2UNISA,
Johannesburg, South Africa. Sponsor: C. Stewart.
Street1,

Manganese, in the form of potassium permanganate (KMnO4), is one
of the main metals implicated in traditional medicine poisonings in
South Africa. Potassium permanganate is widely available; henceforth,
its potentially harmful properties may be disregarded. The aim of this
study was to determine the prevalence of KMnO4 use in South African
traditional medicine by traditional health practitioners (THPs) and
describe the practices thereof. Traditional health practitioners (n=201)
from KwaZulu-Natal Province of South Africa were interviewed in the
local language (isiZulu) by trained interviewers. Information on reasons
for using or not using KMnO4, administration methods and modes of
administration were collected. It was determined that KMnO4 was
used as a constituent of traditional medicine by 158 (79%) of the THPs.
Reasons for use included skin rash or wounds (n = 99; 63%) and to treat
aches, pains and swelling (n = 74; 47%). Main modes of administration
were in the bath (n = 94; 60%), orally (n=67; 42%) and use in herbal compress (n = 66; 42%). Another common mode of KMnO4 administration
was via enema, as reported by 28% of the THPs. This study has identified
traditional medicine users at risk of manganese toxicity due to commonly used socio-cultural practices. In particular, reports of oral ingestion and use in enema are cause for concern. Based on the information,
we conclude that this public health issue needs education programs to
enlighten the population against possible harms due to KMnO4 exposure.

2123 Occupational Exposure and Health Effects

Investigation of Indium Tin Oxide Workers

S.-H. Liou1, C.-C. Wang2, Y.-C. Kuo1, W.-T. Wu1, and H.-Y. Liao1.
1National Health Research Institutes, Miaoli County, Taiwan; and
2Tri-Service General Hospital, Taipei, Taiwan. Sponsor: P. Lin.
Due to the rapid development of flat panel and liquid crystal displays
(LCD), indium tin oxide (ITO) is increasingly used in the LCD and semiconductor production process. Taiwan was ranked second in the production of large-sized LCD-television panels, which account for 34.7%
of the worldwide market. Increasing usage of ITO in Taiwan has been
expected to suffer occupational illnesses in these workers. The objectives were to assess the occupational indium exposure in Taiwan, to
investigate the relationship between exposure level and the biomarkers
of adverse health effects, and to evaluate the health effects of workers
for long-term exposure and with job rotation. This study has been
approved by IRB of National Health Research Institutes. Environmental
and biological monitoring was conducted. The serum indium levels
and health effect markers were measured and followed up for three
years. The major findings were: 1. The indium exposure levels of total
dust measured in one third of work areas in the ITO producing facility
(average: 1,462 µg/m3, range: 166-3,352 µg/m3) exceeded the TLV of 100
µg/m3. 2. 36% of subjects in this survey exposed to unacceptable levels
of airborne indium in ether total or respirable dust. 3. Over one-third of

subjects had serum indium levels (average: 9.12 ppb, range: 3.10-23.2
ppb) higher than biological exposure index (BEI) of 3 ppb. 4. The serum
and urine indium levels were found to be strongly correlated to each
other (r=0.853). 5. The levels of serum surfactant protein-D (SP-D) and
Krebs von den Lungen-6 (KL-6), the adverse lung effects markers, were
found to be significantly positively related to both serum and urinary
indium levels after adjusted for confounding factors, i.e., age, work duration, and smoking status. 6. The prevalence of workers with an abnormally elevated KL-6 (>500) were significantly elevated in high serum
indium group. 7. Significantly positive relationship was found between
the level of urinary 8-hydroxydeoxyguanine (8-OHdG), the oxidative
damage marker, and the urinary indium level after adjusted for confounding factors. The workers exposed to high level of dust or fume
through inhalation may result in adverse effects of lung, such as interstitial pneumonia and pulmonary alveolar proteinosis (PAP).

2124 Hormonal Profile and Trace Metal Contents
of Blood and Semen in Men with Infertility
Attending the University College Hospital,
Ibadan, Nigeria

I. O. Omotosho, J. O. Oladiran, and S. A. Adebayo. University of
Ibadan, Ibadan, Nigeria.
Male infertility of unknown aetiology have been linked to exposure to
environmental and occupational toxic metals; this work investigated
exposure to some trace metals and its effect on reproductive hormones in serum and semen. 33 age-matched participants comprising
18 infertile men (cases) and 15 fertile men (controls) were recruited for
the study. Follicle Stimulating Hormone (FSH) and testosterone were
determined by Enzyme Linked Immunosorbent Assay (ELISA) while
Lead (Pb), Cadmium (Cd), Zinc (Zn) and Selenium (Se) were determined
using Atomic Absorption Spectrophotometry (AAS) in blood and semen
samples from tests and controls. There was no significant difference in
median cadmium levels in both serum and seminal plasma samples of
cases and controls while decreased median serum Se level (1.14µmol/L)
in cases relative to controls (1.92 µmol/L) was observed. Median seminal
plasma Zn and Se levels were significantly lower in cases (40.00µmol/L),
(0.77µmol/L ) than in controls (97.90µmol/L), (1.72µmol/L) respectively.
Although median serum FSH was significantly higher in cases (5.84mIU/
ml) than in controls (4.44mIU/ml), serum and seminal plasma Se correlated significantly (r=0.843, p=0.000) in cases while serum Se correlated positively (r=0.616, p= 0.006) with testosterone in controls. Zn
and Cd correlated significantly in both serum and seminal plasma in
controls (r=0.533, p= 0.050 and r=0.611, p= 0.015) and also in serum
of cases (r=0.486, p=0.041). Endocrine disruption, hormonal imbalance
and induced oxidative stress by trace metals acting as prooxidants may
be possible contributory factor to infertility in the studied group.

2125 Pulmonary Toxicity of Gas Metal Arc-Stainless
Steel Welding Fume and Component Metals

P. C. Zeidler-Erdely1, R. Salmen1, A. Erdely1, M. Keane1, V. Kodali1,
J. Antonini1, and L. Falcone2. 1NIOSH, Morgantown, WV; and
2West Virginia University, Morgantown, WV.
Welding fume is a high-priority agent for further evaluation of lung
cancer risk in humans and classified as possibly carcinogenic (Group
2B). Epidemiological studies support a link between welding and
lung cancer, particularly stainless steel fume which contains carcinogenic metals like hexavalent chromium and nickel. The objective was
to compare the pulmonary toxicity of the individual metal oxide components of gas metal arc-stainless steel welding fume (GMA-SS WF) in
A/J mice, a lung tumor susceptible strain. Male A/J mice were exposed
by oropharyngeal aspiration to suspensions of GMA-SS WF (1.7 mg) or
weight percent equivalent doses found in the total fume of the metal
oxide components: chromium (III) oxide/calcium chromate (366 µg/11
µg), nickel (II) oxide (141 µg), or iron (III) oxide (1 mg). Shams were
exposed to 50 µl PBS vehicle. Mice were euthanized at 1 d, 7 d, 28 d,
and 84 d post-aspiration. Whole lung bronchoalveolar lavage (BAL) was
performed to assess pneumotoxicity and macrophages were challenged
with Escherichia coli GFP (E.coli) for 2 hr at 1:25 multiplicity of infection.
At 1 d all components of the welding fume had an effect on macrophages ability to phagocytize bacteria but returned to control levels
by 28 d. Notable differences were observed between the toxicity of the
total fume and each component metal. Total fume lung cytotoxicity,
measured as lactate dehydrogenase levels in acellular BAL fluid, peaked
at 7 d. Component cytotoxicity peaked at 1 d then steadily declined. The
total GMA-SS WF was more cytotoxic than the sum of the component
metals. Analysis of BAL cellular fraction indicated the total fume caused
a greater and more persistent inflammatory state (i.e., macrophage and
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2121 Soluble Nickel-Induced Stem Loop Binding

neutrophil influx) in the lung compared to the metal components. These
results suggest the individual metal oxide components of the fume
likely have a synergistic influence on lung toxicity and inflammation.
In turn, persistent lung inflammation and toxicity of stainless steel WF
suggest potential chronic toxicity.

2126 Urinary Metal Concentrations Associated with

Shrapnel Fragment Composition in a US Veteran

J. Gaitens1,2,, M. Condon1, K. Squibb1,2,, and M. McDiarmid1,2,.
1Department of Veterans Affairs Medical Center, Baltimore, MD;
and 2University of Maryland, Baltimore, MD.
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Injuries caused by an Improvised Explosive Device (IED)-related blast or
explosion can result in significant wound contamination with foreign
debris of unknown composition being deposited throughout soft
tissue. The risk of surgical morbidity often precludes removal of these
fragments thus raising concern about the potential for long-term toxicant exposure and associated health risks. To better characterize both
the local and systemic effects related to retained fragment exposures,
the Department of Veterans Affairs established a medical surveillance
program that integrates fragment composition data, surrounding tissue
analysis and urine biomonitoring outcomes. We present here urine
biomonitoring results for 14 metals of concern pre and post-fragment
removal for a Veteran who twice underwent surgical fragment excision due to local irritation at the fragment sites. Fragments were then
analyzed for composition using energy dispersive x-ray fluorescence
(EDXRF). Fragment one, removed six years post-injury was primarily iron
(Fe) (>95%) with trace amounts of aluminum (Al) (0.26%) and the second
group of fragments, removed 11 years post-injury were primarily zinc
(Zn) (44%) and Fe (42%) when analyzed in aggregate. Prior to removal
of the second (Zn and Fe) fragment group, urine biomonitoring results
indicated all metal concentrations except Zn and tungsten (W) were
below established reference values. The elevated Zn level declined significantly after removal of the Zn-containing fragment, implicating the
fragment as the likely exposure source. However, the absence of W in
removed fragments suggests other potential exposure sources, most
likely dietary for the W elevation. This case illustrates the utility of using
urine biomonitoring to detect fragment-related metal excursions as
well as the complexity of interpreting results as other potential sources
of metal exposure must be considered. Long-term biomonitoring and
surveillance of Veterans with embedded fragments may help better
characterize fragment-related exposures and associated metal body
burdens; thus informing the medical management of these individuals
and allowing the opportunity for early intervention.

2127 UROtsa As a Model System to Study MetalInduced Transformation

S. Somji, A. Slusser-Nore, S. H. Garrett, X. D. Zhou, J. R. Dunlevy,
K. Zhang, and D. A. Sens. University of North Dakota, Grand Forks,
ND.
Cadmium and arsenic are environmental toxicants that can induce multiple disease including cancers. The data on the role of cadmium exposure with the development of human cancers is limited, there is epidemiological data that supports a role for cadmium in the development of
bladder cancer. Chronic exposures to low concentrations of arsenic have
been associated with increased risk for the development of skin, lung
and bladder cancer, however the biological processes underlying the
ability of inorganic arsenic to transform human cells is unknown. A widerange of processes have been implicated which include oxidative stress,
increased cell proliferation, inhibited DNA repair, genotoxicity, and
altered cellular signaling. In order to further determine the role of arsenite and cadmium in the development of bladder cancer, our laboratory has developed an in vitro model of bladder cancer by exposing the
immortalized, non-tumorigenic urothelial cell line UROtsa to the heavy
metals arsenic and cadmium. This has resulted in the generation of six
arsenite and the seven cadmium transformed lines that form tumors
when injected in immune compromised mice. These tumors show histologic characteristics similar to human urothelial carcinomas with areas
displaying prominent squamous differentiation. Global gene analysis
of these transformed cell lines has identified genes that are common
to both arsenite and cadmium transformed cell lines. In addition, genes
were also identified that have carcinogen specific expression patterns.
Several genes have been identified (KRT6, SPARC and N-cadherin) and
their potential role either in the development or progression of bladder
cancers is currently being investigated.

2128 Investigating the Effect of Excess Metals on

Sediment Bacterial Communities in the Animas
Watershed after the Gold King Mine Breach

K. N. Thompson, J. E. Wilkinson, L. L. Hensley, P. N. Smith, and G. D.
Mayer. Texas Tech University, Lubbock, TX.
On August 5, 2015 a levee at the Gold King Mine was breached when
EPA contractors attempted to add a tap to stem the leakage of acid mine
water. As a result, the mine drained approximately 3 million gallons
of acid mine waste into the Animas River Watershed. The plume of
metal-contaminated water traveled from the mine to Cement Creek,
where a majority of the larger sediment particulates were deposited.
The yellow-brown water continued to the Animas and San Juan Rivers
before being deposited into Lake Powell in Utah. The EPA listed iron,
cadmium, lead, arsenic, zinc, and copper as metals of concern after the
spill. Presumably, many of these metals were adsorbed to sediments as
they traveled through the Animas River Watershed. Increased levels of
metals would add a selective pressure on the communities of bacteria
inhabiting the sediments downstream of the mine. Because sediment
samples from before the breach were not available, we compared the
contaminated sites to control sites of the Animas upstream of the confluence with Cement Creek, and the San Juan upstream of the confluence
with the Animas. To study population diversity and structure of sediment-borne bacterial communities, we used 16S amplicon sequencing
for bacterial taxonomic identification. Additionally, we investigated how
the function of these communities shifted by studying the abundance,
distribution and activity of metal resistance and DNA repair genes.
Finally, we tested the ability of bacteria collected from the Animas and
Cement Creek locations to resist metal toxicity. We found that the three
sample locations closest to the mine had decreased alpha and increased
beta diversity when compared to all other samples in the Animas River
Watershed. Bacterial composition of the communities closest to the
mine also shifted. The most abundant bacteria in sediments closest to
the mine was Gallionella sp., an iron oxidizing species of bacteria. Loss
of diversity in an ecosystem would limit the ability of the ecosystem to
recover from further perturbations, whether natural or anthropogenic.
However, the sediment communities did shift towards bacteria that
would be better able to process excess iron and other metals in the acid
mine drainage.

2129 Single Cell Cisplatin and Other Metal
Measurements by ICP-MS

L. Amable1, and C. Stephan2. 1National Institute on Minority Health
and Health Disparities, Bethesda, MD; and 2Perkin Elmer, Shelton,
CT.
Metal balance in humans is crucial and complex for the maintenance
of health. Exposure to metals has been implicated in a variety of diseases such as cancer, yet metals are essential for the proper functioning
of enzymes and proteins. The measurement of metals at the level of a
single cell is difficult, as traditional methods do not convey the distribution and individual cellular variation. Here, we present a new method,
Single Cell-Inductively Coupled Plasma-Mass Spectrometry (SC-ICP-MS),
to quantitate the metal concentration within individual cells. The
method was developed in ovarian cancer cells using the chemotherapy
drug, cisplatin. Cisplatin and other platinum-containing compounds
are the most widely used class of cancer chemotherapy drugs in the
Western world. Many patients initially respond to therapy, however
later patients relapse and are resistant to further cisplatin therapy. One
of the mechanisms of cisplatin resistance includes decreased cellular
cisplatin uptake. Time course experiments were performed to measure
the change of cisplatin uptake over time using the A2780 cisplatin-sensitive and the corresponding cisplatin-resistant A2780-CP70 ovarian
cancer cell lines. Individual cellular cisplatin levels were collected and
a histogram representing the cell population was generated using the
Syngistix Single Cell Application. In accordance with previous studies,
the results show that the cisplatin sensitive cells accumulated more
platinum in comparison to the cisplatin resistant cells. A heterogeneous
distribution of cisplatin within the cellular population was observed,
reflecting cisplatin uptake differs from cell to cell. Even after 8 hours of
exposure, there was a significant number of cells that had low levels of
intracellular cisplatin. Cellular concentrations of zinc, iron, and copper
were successfully analyzed by SC-ICP-MS. The heterogeneous distribution of these metals were also observed, however there were no large
differences between cell lines overall. In conclusion, single cell ICP-MS
analysis allows for the quantitation of cisplatin, as well as other metals,
within individual cells. New strategies to increase cisplatin uptake within
cancer cells can be developed by SC-ICP-MS, translating to better clinical
responses. Utilization of this technique can be applied to other areas of
metal-based research in biological systems.

2130 Characterization of the Ovarian Cancer Whole
Cell and Mito-Metallome

E. D. Shide, and L. Amable. NIMHD, Bethesda, MD.
Metallomics is the study of the comprehensive, dynamic metal profile
within biological specimens. Metals are acquired from nutrition as well
as environmental exposure. Numerous biological processes require
metals for enzyme cofactors, signaling molecules, and structural components. Although essential for biological processes, metals can be toxic
and contribute to the progression of cancer. Aberrant levels of metals in
cells may fuel the deregulation of metabolism and signaling cascades
inherent of cancer. Ovarian cancer, like several other cancers, has historically been diagnosed late stage and lacks biomarkers. Here, we aim
to characterize the ovarian cancer metallome at the whole cell and subcellular level in comparison to the non-cancer ovarian metallome. This
study introduces the concept of the mitochondrial (mito) metallome
with the purpose of connecting the subcellular mito-metallome with
changes in metabolism. Ten human ovarian cancer cell lines were used
for experiments: A2780, CAOV3, A2780/CIS, A2780/CP70, ES2, OVCAR3,
OVCAR5, SKOV3, TOV112, and TOV21. Three non-cancer human ovarian
cell lines of epithelial and fibroblast origin served as controls. Inductively
coupled mass spectrometry (ICP-MS) was used to evaluate the ovarian
cancer metallome by measuring the following metals: calcium (Ca),
copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), molybdenum
(Mo), phosphorous (P), sulfur (S), selenium (Se), and zinc (Zn). The whole
cell ovarian cancer metallome consisted of increased P, Mg, and Cu, and
decreased Fe, Mn, and Se in comparison to non-cancer. The mito-metallome consisted of increased Mg, P, Cu, Zn, Se, and Ca in comparison
to non-cancer. To further explore the changes observed in the cancer
mito-metallome, we used the Seahorse assay to analyze cell metabolism. Our study was the first to evaluate an extensive panel of metals
simultaneously at the subcellular level and bridge the unique metal signature of ovarian cancer to cell metabolism. Future characterization of
the whole cell metallome and mito-metallome may provide an avenue
for identifying cancer biomarkers and allow for effective targeting of
cancer with chemotherapy.

2131 Arsenic- and Uranium-Induced Oxidative Stress

2132 Customized Compact Neutron Activation

Analysis System to Quantify Manganese (Mn)
and Aluminum (Al) in Bone In Vivo

L. H. Nie, Y. Liu, P. Byrne, F. Mostafaei, d. Rolle, M.-J. Hsieh, W.
Zheng, and E. Wells. Purdue University, West Lafayette, IN.
The broad applications of metals in industry, agriculture, and other
fields have dramatically increased metal exposure to human population
over the last several decades. Studies have linked metal exposures to
various health effects and diseases. Many metals accumulate in bone.
Metal concentration in bone provides unique information regarding
long term chronic metal exposure, a pattern seen in most of the exposure scenarios. Neutron activation analysis (NAA) is a powerful noninvasive technique for in vivo quantification of metals. In our lab, a NAA
system has been developed and validated to measure multiple metals,
such as manganese (Mn) and aluminum (Al), in bone in vivo. The newly
developed NAA system consists of a high flux deuterium-deuterium
(DD) neutron generator with optimized moderator/ reflector/ shielding
assembly, a high purity germanium (HPGe) detector with 100% efficiency, and a digital signal processing device. It is used to detect metals
in human hand bone. Monte Carlo simulations were used to design
and optimize the system for bone metal measurements. Experiments
were conducted to confirm the simulation results. Metal doped bone
equivalent phantoms were made to calibrate and validate the system,
and to determine the detection limit of the system. The latest detection
limits for detection of Mn and Al are found to be 0.4 and 8 μg/g dry
bone (ppm) respectively, with a hand dose of 36 mSv and a whole body
effective dose of 20 μSv. These detection limits are comparable to the
Mn and Al levels in bone in general population. The system is still being
optimized to achieve lower detection limit for Mn, Al, and other metals.
Recently, the system was used in an occupational cross-sectional study
to investigate the association between cumulative Mn exposure and
neurological functions. Sixty subjects were recruited for this study. We
observed significantly higher bone Mn in exposed group comparing to
unexposed group (10.7+/-2.7 ppm vs. 3.9+/-1.4 ppm). We also observed
significant decrease of the scores for a number of cognitive and motor
neurological tests with an increase of bone Mn. A larger occupational
study using bone metal as a biomarker to investigate the neurological
effect of exposure to mixed metals is in progress.

Response in Immune Cells

2133 Effects of Chronic Arsenic and Cadmium on

Groundwater contamination by environmental metals is a global health
concern. Proximity to legacy uranium mines is associated with toxic
metal exposures, including arsenic and uranium. Chronic arsenic exposure causes many adverse effects such as immunotoxicity. Less is known
about the health effects of exposure to uranium or combined arsenic
and uranium exposures. One mechanism of metal toxicity is metal-induced oxidative stress. We hypothesize that arsenic and uranium alone
and as a mixture will induce oxidative stress in immune system cells,
and the metal mixture will lead to greater up-regulation of key oxidative stress response genes than either metal alone. For these studies, a
human monocyte cell line (THP-1) and a human T lymphocyte cell line
(Jurkat) were exposed to arsenic (sodium arsenite), uranium (uranyl
acetate), or both for 1, 4, 6 or 24 hours. Dose ranges were 0.1 to 10 µM
for arsenic and 0.3 to 30 µM for uranium. Cell viability was measured
using PrestoBlue and oxidative stress response markers included Heme
oxygenase-1 (HO-1), superoxide dismutase (SOD) and catalase (Cat) as
detected by immunoblot analysis and RT-qPCR. Results from cell viability assays reveal no cytotoxicity of uranium at any dose tested up to
72 hours of exposure and no cytotoxicity of arsenic until treatments
surpass 10 μM. Metal combinations did not alter the toxicity when compared to single metal exposures. Immunoblotting reveals a dose and
time dependent induction of HO-1 protein after arsenic exposure. Dose
and time dependent induction of HO-1, SOD and Cat were detected by
RT-qPCR in THP-1 cells. Maximal induction of HO-1, SOD and Cat were
200-fold, 8-fold and 3-fold, respectively, and significant induction was
observed after treatment with 0.3 µM arsenic for 24h. Jurkat cells displayed a similar magnitude of SOD and Cat induction by 0.3 µM arsenic,
but the maximum response was at 6h. In this study we detect transcriptional changes of oxidative stress response genes at non cytotoxic doses
arsenic and uranium. Significant induction of HO-1 was detected at
arsenic doses near the EPA maximum contaminant level of 10 ppb for
arsenic. Uranium exposure led to similar alterations in expression of key
oxidative stress markers. Because abandoned uranium mines are prevalent in the western US, it is important to better understand the contributions of mining associated metals and metal mixtures exposures to
oxidative stress response.

W. H. Watson, J. H. Freedman, J. L. Young, T. J. Burke, G. E. Arteel,
J. C. States, L. Cai, A. L. Lang, L. G. Poole, N. L. Warner, and M. a. M.
D. C. (Me2DiC). University of Louisville, Louisville, KY.

Thiol-Disulfide Redox Balance in the Liver

Early life exposure to environmental toxicants may increase susceptibility to cardiometabolic disorders later in life. We hypothesize that
whole life exposure (prenatal, postnatal and after weaning) to cadmium
or arsenic will exacerbate cardiometabolic syndrome phenotypes in
adults with high levels of body fat. To test this hypothesis, we exposed
adult C57BL/6J mice on defined, low-fat diets to 100 ppb arsenic as
NaAsO2, 500 ppb cadmium, or 5 ppm cadmium in their drinking water.
Uncontaminated drinking water was used as the control. Breeding pairs
were established under each of these exposure conditions, and the offspring continued to be exposed to arsenic, cadmium or control water
after weaning. Additionally, they were divided into groups and received
low fat control or high fat diets. The present study describes the initial
results on the effects of arsenic and cadmium on the dams. Dams were 5
months of age at the time of sacrifice, and had been exposed to arsenic
or cadmium continuously for 3 months. Compared to controls, neither
100 ppb arsenic nor cadmium at either 500 ppb or 5 ppm had significant
effects on body weight, liver weight, liver to body weight ratio or water
consumption. Arsenic did not accumulate in the liver, but there was a
concentration-dependent increase in hepatic cadmium in the cadmium-exposed mice (0.035 μg/g wet weight liver in controls, 0.44 μg/g
in the 500 ppb cadmium group, and 8.1 μg/g in the 5 ppm cadmium
group). No significant differences in plasma concentrations of cysteine
(Cys), cystine (CySS), glutathione (GSH) or glutathione disulfide (GSSG)
between any of the groups were observed. In contrast, hepatic concentrations of these thiol-disulfide couples were altered in the 5 ppm
cadmium group. There was also an increase in cysteine and a decrease
in GSSG, resulting in more-reduced redox potentials for both the Cys/
CySS and GSH/GSSG redox couples. This contrasts the oxidizing conditions previously reported following acute exposures to cadmium, suggesting the induction of compensatory mechanisms. In conclusion, we
have established that espouse to 100 ppb arsenite, or 500 ppb or 5 ppm
cadmium were not overtly toxic. This will allow us to discern potential
interactions with high fat diet-induced obesity in the offspring later in
life.
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S. C. Alvarez, E. J. Dashner-Titus, D. A. Jackson, K. L. Cooper, and L.
G. Hudson. University of New Mexico, Albuquerque, NM.

2134 Speciation and Risk Assessment of Heavy Metals

in Surface Soils from Abandoned Landfill Sites in
Kumasi, Ghana

C. Nimako2, O. Akoto2, and N. Bortey-Sam1. 1Hokkaido University,
Sapporo, Japan; and 2Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana.
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Metal pollution in urban soils is of great environmental concern globally,
because of the potential long-term effects of toxic metals on human
health. To understand the mobility and bioavailability of metals, the
concentrations and distributions of metals must be established for
different physicochemical phases of the soil. Most abandoned landfill
sites in the Kumasi city are recently used for crop cultivation, rearing
livestock, as playground for children and as sites for unauthorized settlements. Potential metal pollution in ladfill sites in the city may pose
serious health risk to humans and other forms of life within the ecosystem. In this study, the speciation, spatial distribution and non-cancer
health risk of heavy metals have been determined in 16 composite soil
samples from the Aboabo and Santasi abandoned landfill sites in the
Kumasi metropolis of Ghana. The BCR sequential extraction procedure
was used to extract the binding forms of the metals in soil into solution.
Concentrations of Pb, Cu, Cr, Fe, Co and Zn were determined from the
digested samples by AAS analysis. Average daily dose intake of heavy
metals via oral, inhalation and dermal exposures were calculated using
USEPA model for non-carcinogenic risk assessment and chronic reference doses (RfDs) from US RAIS. The speciation results revealed that, all
the analyzed metals except Cr, are predominantly associated with the
residual form. However, the bioavailable proportions of the other metals
were still found to be significant enough to pose risk to humans and
animals within the ecosystem. Geochemical maps which were developed for the bioavailable concentrations of the metals indicated that,
Fe, Cr and Co are similarly distributed in the same portion of the Santasi
study site, but Cu and Pb showed no significant hotspot in Santasi study
site. In the Aboabo study site however, Co, Cr and Cu displayed similar
distribution in terms of their bioavailability in the soil. The non-cancer
risk assessment results indicated that, Fe, Pb and Cr pose greater risk to
the health of children living around the Aboabo landfill site. Meanwhile,
non-cancer risk of the heavy metals to children in Santasi was found to
be associated with Fe and Pb toxicity. Hazard quotients obtained for
heavy metals in the two study areas suggested that, the major exposure
pathway for heavy metal toxicity in the two abandoned landfill sites is
ingestion.
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2135 Physiochemical Characteristics and Metal

Analysis of Urine from Users of Different
Tobacco and Tobacco-Related Product across
Different Geographic Regions

M. Williams2, M. Hua2, A. Robinson2, S. Bates2, S. Sakamaki-Ching2,
T. Lyons2, M. Goniewicz1, and P. Talbot2. 1Roswell Park Cancer
Institute, Buffalo, NY; and 2University of California Riverside,
Riverside, CA.
Metals have been reported in conventional cigarette smoke, electronic
cigarettes (EC) aerosol, and nicotine replacement therapy (NRT) products. The presence of metals in urine as well as the physical and chemical characteristics of urine could reveal health risks to users of tobacco
products. The purpose of this study was to measure the concentrations of metals in the urine from 516 volunteers: 108 non-smokers, 127
smokers, 104 EC users, 115 dual users, 36 NRT users, and 36 dual NRT
users from three different geographic regions (Poland, United Kingdom,
and United States), as well as to determine the physical and chemical
characteristics of the urine samples. Physical characteristics were determined using color, dehydration, and turbidity charts, and chemical
characteristics were determined using urine reagent strips. Elemental
composition of urine samples was measured using inductively coupled
plasma mass spectroscopy. While half of the samples from all groups
contained pellets, most urine across the six groups was transparent
yellow, which typically represents normal urine. In all six groups, some
urine samples were amber in color indicating dehydration. 30% of all
samples were very turbid, while the rest were clear or slightly cloudy.
For all groups, the pH ranged from 6.0-7.0, except for the NRT/NRT
Dual users which ranged from 6.5-8.5. The specific gravity ranged from
1.001-1.030 in all groups, which is considered normal. No differences
were detected between the 10 chemical parameters on the urine strips;
however leukocytes, proteins and glucose were elevated in some
samples from Poland. Concentrations in ng/mg creatinine for copper
(1-380), lead (0.5-332), tin (0.2-16.6), and zinc (10-1793) were all higher in
smokers, EC users, and dual users than any other groups, with dual users

having the highest concentrations. In summary, the physical and chemical characteristics of the urine were normal for all groups in the three
geographic regions; however, some elements that are commonly found
in cigarette smoke/EC aerosol were elevated in the urine of smokers, EC
users, and dual users.

2136 Navajo Birth Cohort Study: Metal Biomonitoring
and Source Attribution

Ong2,

J. J.
J. Lewis2, J. Hoover2, C. Miller2, C. Shuey1, E. O’Donald2,
and M. Cajero2. 1Southwest Research and Information Center,
Albuquerque, NM; and 2University of New Mexico, Albuquerque,
NM.
The Navajo Birth Cohort Study (NBCS) is a prospective study examining
the relationships among ongoing exposure to legacy wastes from >500
abandoned uranium (U) mines on Navajo Nation (NN), birth outcomes,
and child development. >1100 associated waste sites remain in communities. The study is being conducted as a cooperative agreement with
CDC/ATSDR, Navajo Area IHS, Navajo Department of Health, Southwest
Research and Information Center, and University of New Mexico’s
Community Environmental Health Program. 741 mothers, 611 babies,
and 30% of fathers are currently enrolled in the study. Blood and urine
samples are collected at multiple time points from enrollment until the
child is one year of age, and analyzed for 36 metals at CDC/ATSDR/DLS/
IRAT laboratories. Home environmental assessments are conducted
measuring household dust, gamma radiation, radon, and drinking water
quality. Administered surveys query land-use activities, occupational
and health history, and nutritional information. Results to date show
that the distribution of urine U in NBCS adults is shifted to the right of
the US population (NHANES, 2015), with 21% of the participants’ urine
U concentrations exceeding the 95th%ile seen in US adults. Of babies
with complete results, 0.7% exceed the 95th%ile for US adults at birth,
increasing to 17% at 6 months, and 24% at 1 year. Concentrations of
manganese (Mn), inorganic and total mercury (Hg), antimony (Sb), tin
and tungsten also show greater concentrations than expected relative
to NHANES. Total arsenic (As) is seen at lower concentrations than for
the US population, as is lead (Pb). &nbsp;Iodine deficiency is common,
as is zinc deficiency. >85% of homes have detectable U in the dust, while
>60% of homes show other metals exceeding indoor dust health-based
screening levels, including Pb, As, Mn, Fe, Sb, and Al. Measured body
burden of metals is likely due to contributions from multiple exposure pathways. To date, no predictor by itself explains elevated levels,
though correlations between blood Hg (p=0.03) and urine Sb (p=0.04)
concentrations are significantly correlated with home dust levels.
&nbsp;Bayesian Clustering methods have been used to describe distinct
“fingerprints” of mixed metal exposure. Source attribution and analyses
to model exposure clusters against birth and developmental outcomes
are in progress.

2137 Biokinetic Modeling of Nickel Released from
Cardiovascular Devices

D. M. Saylor1, V. Chandrasekar1, E. Sussman1, B. Craven1, J. Fisher2,
A. Hood1, and R. Brown1. 1US FDA, Silver Spring, MD; and 2US FDA/
NCTR, Jefferson, AR.
Many alloys used in cardiovascular device applications contain nickel,
which if released in sufficient quantities, can lead to adverse health
effects. While nickel release from these devices is typically characterized
through the use of in vitro benchtop immersion tests, it is unclear if the
rate at which nickel is released from a device during in vitro testing is
representative of the release rate following implantation in the body.
Likewise, the systemic and local biodistribution of nickel released from
cardiovascular devices cannot be determined from in vitro tests. The
uncertainty in the extent of nickel exposure to patients is one of the
largest knowledge gaps to estimating the toxicological risk of nickel
from implanted devices. To address this uncertainty, we have developed a novel biokinetic model that combines a traditional toxicokinetic
compartment model with a physics-based model for nickel release.
The model links the rate of nickel release from a cardiovascular device
to serum nickel concentrations, an easily measured endpoint, thus
enabling the rate and extent of in vivo nickel release to be estimated.
The model was initially parameterized using data in the literature on
in vitro nickel release from a nickel-containing alloy (nitinol) and baseline serum nickel levels in humans. The results of this first step were
then used to validate specific components of the model. The remaining
unknown quantities were fit using serum values reported in patients following implantation with nitinol atrial occluder devices. The model-derived predictions are consistent with levels of nickel in serum and urine
of patients following treatment with the atrial occluders and the optimized parameters in the model are physiologically plausible. We have
also refined the interaction between the device and the local implant

environment by implementing a local tissue transport model, based
upon ex vivo characterization of nickel in porcine tissues, to predict the
local accumulation of nickel in tissue adjacent to the implant. The congruity of the model with available data suggests that it can provide a
framework to interpret nickel biomonitoring data and use data from in
vitro nickel immersion tests to estimate local and systemic in vivo nickel
exposure from implanted cardiovascular devices.

2138 In Vitro Estimates of Nickel Exposure from

differentiate into hOB cells and produce alkaline phosphatase, as well as
the mineralization capacity of hOB cells, in the presence of BGS formulations was assessed. Results show that compared to a currently available BGS formulation, the newer proprietary formulations result in less
initial cell death and greater cell proliferation of both hOB and hMSC-BM
cells. In addition, the alkaline phosphatase activity increases in hOB cells.
Photomicrographs corroborate these results, suggesting these proprietary formulations do not affect differentiation, growth or activity. This
multi-cell based platform may be a highly effective in vitro means of
assessing biocompatibility of BGS formulations.

Nitinol Medical Implants

Nitinol is a commonly used alloy composed of nickel (Ni) and titanium
found in various medical devices with little-to-no adverse effects.
Recently, however, reports of allergy symptoms attributed to Ni have
been made, highlighting the uncertainty in the usefulness of in vitro
assays for predicting Ni exposure in vivo. We hypothesize, therefore,
that physiological-like environments could cause greater Ni release than
what is observed in simple electrolyte solutions. The goal of this study
is to determine whether various benchtop models of the in vivo environment can lead to greater amounts of Ni release. Nitinol of various
finishes [chemical etch (CE) and black oxide (BO)] were subjected to
static release studies in extraction media [deionized water (DW) and
phosphate buffered saline (PBS)] at 37 ºC. After seven days, cumulative
release of Ni [measured using inductively coupled plasma mass spectrometry (ICP-MS)] from BO nitinol was 190 ng and 953 ng into water
and PBS while release from CE nitinol was 5 and 2 ppb, respectively. The
results indicate that the worst-case extraction condition may depend
on the surface finish of the alloy. Continuing studies are underway to
understand the effects of additional media (serum), surface finish (electropolished), and dynamic mechanical conditions on Ni release rates.
Simultaneous experiments to understand the effect of cellular environments on Ni release from nitinol have been conducted. A protocol was
developed for seeding human Thp-1 monocytes on Ni alloys, determining resultant Ni release (ICP-MS) and cellular viability (Alamar Blue
assay). Fifty-thousand activated Thp-1 cells were cultured for up to 14
days on various alloys (200 Ni alloy, 625 Ni alloy, and 316L stainless
steel). On day 7, Ni release was not detected from stainless steel, was
1.5µg/cm2 for 200 Ni and 15µg/cm2 for 625 Ni, indicating alloy-specific Ni release rates. In the presence of cells, cumulative Ni release was
reduced by approximately 5-fold and appeared to stop after 24 hours,
in contrast to monotonic release under cell-free conditions. Further, Ni
release was correlated with a reduction in cell viability. These results
indicate that Ni release rates may be affected by the presence of cells. In
total, these studies contribute to our understanding of potential nickel
exposure from nitinol materials in physiological environments.

2139 Assessment of the Biocompatibility of Various
Bone Graft Substitutes Using Primary Human
Osteoblasts and Mesenchymal Stem Cells
Isolated from Bone Marrow

B. Hess6, G. Kay6, N. Tapinos1, J. Willoughby4, A. Marchenko6,
J. Sinha4, B. Franz-Jonas4, C. Dilworth2, and J. Slotkin5. 1Brown
University, Providence, RI; 2Cyprotex, Macclesfield, United
Kingdom; 3Cyprotex US, Kalamazoo, MA; 4Cyprotex US,
Kalamazoo, MI; 5Geisinger Health System, Danville, PA; and
6LaunchPad Medical, Boston, MA. Sponsor: C. Strock.
Bone cements have been in use since the 1930s, initially as polymethyl methacrylate (PMMA) cements. Inorganic calcium- and phosphate-based bioactive bone graft substitutes (BGSs) have been developed, which are combined with other ingredients to form a paste that is
surgically implanted by injection and then hardens. The advantages to
the self-setting calcium and phosphate BGSs are that they are capable
of filling irregular shaped defects in bone prior to hardening into apatites, allowing for bone resorption and substitution. Historically, the biocompatibility of these cements and BGSs has been performed using in
vivo methods. However, the advancements in in vitro technology have
allowed for the cultivation and use of human primary cells, such as
primary human osteoblasts (hOB), allowing for assessment of cements
and adhesive BGS biocompatibility without the use of animals. Here
we assess the biocompatibility of numerous proprietary BGSs using not
only hOB but also human mesenchymal stem cells from bone marrow
(hMSC-BM), the precursor cells to hOB. hOB cells were plated over strips
of hardened BGS and assessed for viability, proliferation, morphology/
growth patterns and alkaline phosphatase activity, a classical biomarker
for osteoblast function. The hMSC-BM cells were also plated over strips
of hardened BGS and assessed for viability, proliferation and morphology/growth patterns. In addition, the ability of hMSC-BM cells to

2140 Pulsed Laser Deposited Composite PMMA and

Nanosilver Thin Film Device Coating Optimized
to Prevent Bacterial Colonization and Support
Bone Stem Cell Growth

P. E. Petrochenko2, J. Zheng2, B. J. Casey2, R. J. Narayan1, and P.
L. Goering2. 1University of North Carolina at Chapel Hill/North
Carolina State University, Raleigh, NC; and 2US FDA, Silver Spring,
MD.
Porous poly(methyl methacrylate) (PMMA) is an attractive biomaterial
with good biocompatibility and a history of use in bone cements and
fillers. Porous formulations of PMMA may expand its medical applicability further, but they are highly prone to bacterial colonization. We
hypothesized that incorporation of nanosilver, a potential antimicrobial
agent, into a functional and uniform porous layer would mitigate colonization. We utilized pulsed laser deposition (PLD) to vaporize a rotating
target of PMMA and silver (Ag) and deposit a thin film onto hard silica
substrates, which were then sectioned into squares fitted for a 96-well
plate. Particulate and ionic Ag has been shown to be toxic to mammalian cells in vitro; therefore, the goal of this study was to optimize
total Ag content of the composite films to a concentration of no-observed-adverse-effect to human bone marrow stromal cells (hBMSCs)
grown directly on the film, while providing robust antimicrobial efficacy against E. coli, a common bacteria responsible for device associated
infections. PMMA without silver was heavily colonized by E. coli, while
silver-containing samples killed all bacteria under dynamic conditions.
ICP-MS analysis showed the amount of leached total Ag after 24 hours
(37º C, 5% CO2) increased proportionally to film thickness. Films deposited with 10,000, 14,000, and 20,000 laser pulses released 0.76, 1.05,
and 1.67 µg/mL Ag, respectively. The 10,000-pulse films (0.76 µg/mL
Ag released) did not show any significant (p<0.01) toxicity on the MTT
assay with human bone marrow stromal cells (hBMSCs) grown directly
on the films for 24 hrs. The films releasing ≥1.05 µg/mL Ag were toxic
to hBMSCs causing both apoptosis and necrosis detectable with flow
cytometry. Examining both leachates and exposing cells directly to the
material surface allowed us to create a complex composite material that
can be used as a coating to provide simultaneous compatibility with
mammalian cells while killing bacteria during initial implantation or use.
This type of approach advances medical device materials development
by intertwining it with cytotoxicity screening and optimization for both
safety and efficacy in vitro.

2141 In Silico Approaches in the Toxicological

Risk Assessment of Vitamin E in UHMWPE of
Orthopedic Devices

A. M. Hood, D. Janes, V. Chandrasekar, K. Ludwig, and D. Saylor. US
FDA, Silver Spring, MD.
Ultrahigh molecular weight polyethylene (UHMWPE) blended with
Vitamin E (Vit E) has become a common material for orthopedic knee,
shoulder, and hip implants. Vit E improves oxidation resistance and
fatigue strength of irradiated UHMWPE with an alternative to post-irradiation melting (Bracco and Oral 2011). Doudin and Al-Malaika
(2016) reported γ-Irradiated UHMWPE Vit E orthopedic device results in
extractable amounts of unique transformation products, which includes
large molecular weight (MW) trimers, dimers and two lower MW aldehydes. We assessed the toxicological risk of γ-Irradiated UHMWPE Vit E
using a combination of literature, in silico and read-across approaches.
Toxicological risk of Vit E was assessed using literature and upper tolerable intake (UTI) values; whereas, Vit E products was assessed using
structure activity relationship (SAR) analysis. Toxicological literature
indicates Vit E is low toxicity potential (i.e., non-irritating, non-sensitizing, and non-genotoxic/carcinogenic). Chemical specific toxicity
data is absent for Vit E products, indicating systemic toxicity should
be assessed by the threshold of toxicological concern (TTC) approach.
For the other endpoints, SAR analysis identified toxicological structural
alerts for irritation, sensitization and genotoxicity. Because Vit E also
contains the same irritation structural alert, irritancy potential of the
products is considered acceptable. Read-across assessment indicates
the two aldehyde products are weak sensitization potential. In silico
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E. M. Sussman, S. Loh, P. Mannuel, V. Chandrasekar, S. Sivan, J.
Weaver, M. Di Prima, and D. Saylor. US FDA, Silver Spring, MD.
Sponsor: P. Goering.

exposure assessment was performed using chemical structure data and
the Vrentas-Duda Free Volume Theory of Diffusion model to compute
the daily release rate for Vitamin E and each product. The model takes
into account material, design, and processing characteristics. The model
was verified using small organic molecules, as well as, larger surrogate
chemicals. The model predicted the highest single day exposure for Vit
E and products will be within the first day, followed by lower amounts
released thereafter. The model predicts the amount of Vit E released on
day 1 will be less than the Vit E UTI. The model also predicts the release
of Vit E products will be below the TTC, and do not present a systemic
toxic, genotoxic, or carcinogenicity concern. These in silico data indicate
the toxicological risk of 0.3% Vit E in UHMWPE of orthopedic devices
described to be acceptable.

2142 Characteristics of Cobalt Related

Cardiomyopathy in Metal Hip Implant Patients

Fung1,

E. S.
A. Monnot5, B. E. Tvermoes2, K. M. Unice4, M.
1
Kovochich , D. Galbraith5, B. L. Finley3, and D. J. Paustenbach5.
1Cardno ChemRisk, Aliso Viejo, CA; 2Cardno ChemRisk, Boulder, CO;
3Cardno ChemRisk, Brooklyn, NY; 4Cardno ChemRisk, Pittsburgh,
PA; and 5Cardno ChemRisk, San Francisco, CA.
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The objective of this study was to evaluate thirteen case reports
of suspected cobalt (Co)-related cardiomyopathy in patients with
Co-containing hip implants. In this analysis, we 1) identified and presented all published case reports of cardiomyopathy in metal-containing
hip implant patients; 2) evaluated the characteristics of cardiomyopathies known to have been caused due to Co and other known risk factors
for cardiomyopathy, including obesity, renal failure, diabetes, and
hypercholesterolemia; 3) provided an evidence-based analysis assessing
the possible cause(s) of each patient’s cardiomyopathy; and 4) proposed
criteria that physicians may employ to evaluate whether Co in blood due
to implants caused their patient’s cardiomyopathy. Blood or serum Co
concentrations in patients from the case reports (n=13) ranged from 14
to 6,521 µg/L. Four of the cases reported cardiac Co tissue concentrations between 2.2 and 4.8 µg/g. Five of the 13 identified case reports did
not report any other cardiomyopathy-related risk factors. We found that
blood or serum Co concentrations of 625 to 884 µg/L were observed in
otherwise healthy patients with alleged Co-associated cardiomyopathy.
This is in agreement with previously estimated blood Co concentrations
of concern for cardiac effects due to Co of 750 µg/L (Finley et al, 2012).
In our analysis, we identified several risk factors for cardiomyopathy
that should be considered when physicians are presented with patients
with either elevated Co blood concentrations or symptoms possibly
related to Co exposure. We urge that these criteria be evaluated before
an implant is replaced due to concerns about cobalt related toxicity or
cardiomyopathy.

2143 Characterization of Wear Debris from Metal-onMetal Hip Implants during Normal Wear versus
Edge Loading Conditions

M. Kovochich1, E. S. Fung1, E. Donovan3, K. M. Unice2, D. J.
Paustenbach3, and B. L. Finley3. 1Cardno ChemRisk, Aliso Viejo,
CA; 2Cardno ChemRisk, Pittsburgh, PA; and 3Cardno ChemRisk, San
Francisco, CA.
Advantages of second generation MoM hip implants included low volumetric wear rates and the release of nano-sized wear particles that were
chemically inert and readily cleared from local tissue. However, in some
patients, edge loading conditions occurred which resulted in higher volumetric wear. This study characterized the size, morphology, and chemistry of wear debris particles released from MoM hip implants during
normal (40° angle) and edge loading (65° angle with microseparation)
conditions. Wear debris particles from each condition were isolated from
simulator fluid and analyzed by primary particle size, hydrodynamic
diameter, and chemistry. The mean primary particle size by volume
under normal wear was 35 nm (range: 9 - 152 nm) compared to 95 nm
(range: 6 - 573 nm) under edge loading conditions. Hydrodynamic diameter analysis by volume demonstrated that particles from normal wear
were in the nano (<100 nm) to sub-micron (<1000 nm) size range, while
edge loading conditions generated particles that ranged from <100 nm
up to 3,000-6,000 nm in size. Particles isolated from normal wear were
primarily chromium (98.5%) and round to oval in shape. Edge loading
conditions generated more elongated particles (aspect ratio ≥ 2.5) and
more CoCr alloy particles (9.3%) compared with normal wear conditions
(1%). When analyzed by mass, edge loading particles contained approximately 2,220-fold more cobalt than normal wear particles. Our findings
suggest that high wear conditions are a potential risk factor for adverse
local tissue effects in MoM patients who experience edge loading.

2144 Characterization of the Extent of Bisphenol and
Phthalate Escape from Medical Devices Used
during Cardiac Surgery and the Impact of This
Exposure on Cardiac Healing in a Mouse Model
of Myocardial Infarction

A. Kasneci2, J. Shang2, J. Corriveau2, J. Gagnon2, P. Dumas1, A.
Leblanc1, and L. Chalifour2. 1INSPQ, Quebec City, QC, Canada; and
2Lady Davis Institute/McGill University, Montreal, QC, Canada.
The extent and consequences of patient exposure to bisphenols and
phthalates escaping from the medical devices used in coronary bypass
grafting surgery (CABG) is unknown. Most medical devices including
perfusion pumps, catheters and IVs have plastic parts. Flexible medical
tubing can contain phthalates; hard polycarbonate plastics are polymers
of bisphenol monomers. Yet, no one has identified comprehensively
which and how much of these chemicals escape into patients or considered whether increased exposure contributes to poor wound healing.
First, we sought to identify and quantify the bisphenols and phthalates present in patient urine before and 12 hours after CABG surgery.
Secondly, we exposed mice to single component or patient-reflective
mixtures after surgery to create an infarct and examined the impact
on recovery. Men, n=9, had similar urine levels of 6 bisphenols and
10 phthalates as men in the Canadian Health Measures Survey before
surgery suggesting no difference in initial exposure. An average fold-increase in BPA (12.6±4.8), BBzP (2940±610), DEHP (1234±190), DIDP
(101±33), DINP (4.0±3.1), DnBP (66±9) and DEP (2.0±0.8) was detected
after CABG surgery. No correlation could be found between individual
exposures and the time spent on the cardiopulmonary pump or with
the total number of transfusions. Thus, the main source of the leaching
has yet to be identified. Male C57bl/6n mice were orally treated during
the first 3 days of recovery post-MI with the human equivalent doses of
BPA-alone, DEHP-alone, BPA+DEHP or a mix of the phthalates detected
in patients. When compared with control, all treated mice had reduced
survival, greater cardiac dilation and reduced cardiac function. Whereas
exposure to BPA-alone, DEHP-alone and BPA+DEHP increased markers
of inflammatory cell infiltration, exposure to the phthalate mix reduced
marker expression. Thus, single exposure did not inform on the impact
of mixtures. We conclude 1) that there is substantial leaching of multiple
phthalates and BPA from medical devices within 12 hours of surgery
and 2) mice which were exposed during recovery from a cardiac surgery
were unable to heal normally.

2145 Extractable Bisphenol A Level from

Polycarbonate and Polyetherimide, Materials
Commonly Used in Medical Device

Y. Zhou1, M. T. Posgai1, D. E. Malek2, and R. T. Przygoda1.
1Johnson & Johnson, Cincinnati, OH; and 2Malek Toxicology
Delaware LLC, Greenville, DE.
On May 11, 2015, bisphenol A (BPA) was added to the Proposition 65
list of chemicals known to the state of California to cause reproductive
toxicity based on the female reproductive endpoint. Under Proposition
65, beginning May 11, 2016, warnings for BPA exposures in California
are required if a business causes an exposure to the chemical, unless
the person causing the exposure can show that the exposure is 1,000
times below the “no observable effect level”. In June, 2016, The Office
of Environmental Health Hazard Assessment (OEHHA) finalized the
Maximum Allowable Dose Level (MADL) for BPA of 3 micrograms per
day from dermal exposure to solid materials. The MADL was effective
on October 1, 2016. In the current study, the extractable BPA was quantified from eight commonly medical device materials, polycarbonate
and polyetherimide with different color (e.g. black, gray, white, and
cool blue) and trade name (e.g. Calibre, Makrolon, Lexan, and Ultem),
with or without glass-filled, to determine if the exposure of BPA from
medical devices meet the Proposition 65 requirements. Test samples
were extracted at 37 °C for 24 hours using isopropyl alcohol (IPA)
and deionized water with the extraction ratio of 3 cm2/mL. The analysis was performed in triplicate. The extracts were analyzed by Liquid
Chromatography-Mass spectrometry (LC-MS) for the presence of BPA.
The results indicated that BPA levels from water extracts from all eight
test materials were below the limit of quantitation (LOQ); five of the
eight test materials had a BPA level below LOQ from the IPA extract;
and the other three test materials had a BPA level of 8.10 ng/cm2, 2.47
ng/cm2 and 6.43 ng/cm2 from the IPA extract. For the worst case scenario, the MADL of 3 µg/day BPA equals the exposure to materials with
surface areas of 370 cm2. The results suggested that for medical devices
with patient contact of less than 24 hours, and designed with commonly
used surface areas of polycarbonate and polyetherimide in patient-contact regions of the device; the BPA levels are unlikely to exceed the
MADL. Patients are not expected to have increased health risk from BPA
exposures for devices in this contact category.

R. Becher1,2,, H. Wellendorf1, A. K. Sakhi2, and H. B. Kopperud1.
1Nordic Institute of Dental Materials, Oslo, Norway; and
2Norwegian Institute of Public Health, Oslo, Norway. Sponsor: J.
Dahl.
We are daily exposed to a variety of chemicals. One example is the
chemical Bisphenol A (BPA). Animal studies indicate that BPA has effects
on liver, kidney and breast tissue. Possible endocrine disruption effects
contribute to uncertainty around BPA. Some studies have shown that
BPA can leak from resin based dental fillings and materials used for
orthodontic treatment. Thus, both children and adult patients may be
exposed to BPA from dental materials. To confirm and update previous
findings, we have investigated the leakage of BPA from some dental
materials. Knowledge of products content and properties provides
opportunities to choose materials of better quality and less potential
adverse health impact. We investigated 4 composite filling materials, 3
sealants and 2 orthodontic bonding materials. The materials were either
uncured and solved in methanol or cured. The latter were kept in sterile
water for 24 hours or 2 weeks. Samples were then analyzed by UPLCMS-MS using a C-13 labeled internal standard. Controls had BPA levels
between 1.3 and 2.9ng/ml. For all treatment groups, the composite
filling material Tetric EvoFlow from Ivoclar-Vivadent and the sealant
Delton LC from Dentsply, consistently showed elevated levels of BPA
leakage compared to the other materials. The highest BPA content was
found in uncured Delton LC (average 87ng/ml). There was little difference in amount of leaked BPA after 24 hours compared to 2 weeks. Our
findings substantiate that BPA is still released from some dental materials despite a general focus on potential adverse effects of BPA. BPA is a
starting point for synthesis of the monomer Bis-GMA which is commonly
used in a variety of dental materials. All products in our study contained
Bis-GMA, indicating that the BPA leakage was due to impurities in the
materials. The amounts of BPA were relatively low and most likely represent a small contribution to the total BPA exposure. There is currently
little reason for concern regarding BPA exposure from dental materials.
However, this is based primarily on an assessment of concentrations
where toxic effects of BPA have been observed. An impact of low dose
exposure and possible estrogenic effects are still unclear. Overall, BPA
exposure should be reduced and materials not containing or leaking
BPA should be preferred when possible.

2147 Relation between In Vitro Toxicity and the

Thiol-Reactivity of Methacrylates in Resin-Based
Biomaterials

J. T. Samuelsen1, R. Becher2, H. Valen1, and J. E. Dahl1. 1NIOM, Oslo,
Norway; and 2NIPH, Oslo, Norway.
Resin based biomaterials, such as dental composites, are based on
methacrylate monomers that are polymerized in situ. Due to placement
before curing and incomplete polymerization, patients are exposed to
unreacted monomers that leak from these materials. Several methacrylates spontaneously adduct with the cysteine-thiol of glutathione (GSH),
and it is commonly suggested that increased cellular levels of reactive
oxygen species (ROS) caused by GSH depletion is the main mechanism
of observed methacrylate toxicity in vitro. However, studies verifying
this hypothesis are lacking. In the present study we aimed to further
map the suggested relation between GSH-depletion and methacrylate
toxicity by comparing the molecular effects of methacrylate exposure
and GSH-depletion by inhibiting GSH-synthesis. Human bronchial epithelial cell line BEAS-2B grown in Lechner and LaVeck (LHC9) medium
was used as a model system. Cells were exposed to 2-hydroxyethylmethacrylate (HEMA) and buthionine sulfoximine (BSO), an inhibitor
of glutamate-cysteine ligase (GCL; the rate limiting enzyme in cellular
GSH synthesis). MTT assay was used to determine cell viability after 24
h exposure. Cellular GSH and ROS levels were measured by flow cytometry after 4 h and 8 h exposure using the fluorescent probes monobromobimane (MBBr) and dichloro-dihydro-fluorescein diacetate (DCFHDA), respectively. Western blotting was used to determine altered
protein-expression in unexposed cells and cells exposed to HEMA and
BSO. Exposure to both HEMA and BSO resulted in GSH-depletion and
increased ROS-levels. However, only HEMA-exposure reduced cell viability in a concentration dependent manner. In the additional comparison of BSO and HEMA, only HEMA concentrations that had no effect on
cell viability were used. Confirming previous studies, HEMA exposure
resulted in increased cellular levels of proteins associated with increased
ROS-handling capacity, increased thiol-reducing capacity, increased
protein degradation and increased capacity to detoxify lipid peroxidation products. In BSO-exposed cells, only increased levels of proteins
with ROS-handling capacity was observed. In summary, this study does
not support the hypothesis suggesting the main mechanism of methacrylate toxicity to involve GSH-depletion and increased oxidative load.
The results from our study suggest that methacrylate toxicity involves
direct interactions with proteins and lipids.

2148 Cytotoxicity of Water Soluble Type-2

Photoinitiators for Two-Photon Polymerization

A. K. Nguyen1, P. L. Goering2, and R. J. Narayan1. 1North Carolina
State University, Raleigh, NC; and 2US FDA, Silver Spring, MD.
Two photon polymerization (2PP) can be used to create medically relevant structures with sub-micrometer features. This approach draws
upon conventional photopolymers used with UV stereolithography
which utilize toxic, non-water soluble photoinitiators requiring extensive washing processes to extract these compounds. Alternatively, biological compounds or compounds historically used with human tissues
can be used within the paradigm of a Type-2 photoinitiator where a
UV excitable chromophore excites a co-initiator to form the long-lived
free radical initiating polymerization. The objectives of this study are to
1) determine the minimum chromophore and co-initiator concentrations required for photopolymerization and 2) evaluate their cytotoxic
effects at these concentrations. Three chromophores were investigated:
flavin mononucleotide (FMN), Rose Bengal (RB), and Crystal Violet (CV).
Each chromophore was mixed with either triethanolamine (TEA) or
L-arginine(ARG) as co-initiators. The minimum concentrations required
for polymerization of polyethyleneglycol diacrylate were determined
using 500mJ/cm2 exposure to 254nm UV light. L929 murine fibroblasts
were exposed to six different concentrations of each compound individually corresponding to one-half to one-2048th the saturation concentration of each. Cell viability and proliferation were evaluated using
the Alamar Blue and PicoGreen assays, respectively. Polymerization was
observed with a CV-ARG mixture. ARG at 6 mg/mL, orders of magnitude
larger than what is needed for polymerization, showed no change in viability or proliferation. However, CV at 5 µg/mL, much less than required
for polymerization, caused a drop in viability to 73%. 1 mg/mL TEA, a
sub-cytotoxic concentration, was an appropriate co-initiator for FMN
and RB. Polymerization was observed at concentrations down to 1.5 mg/
mL and 8 µg/mL for FMN and RB, respectively; these concentrations are
lower than the 25mg/mL FMN and 30 µg/mL RB concentrations at which
statistically significant reductions in viability were observed. Three of
the six possible combinations of chromophores and co-initiators were
found to initiate polymerization. Of these, FMN and RB with TEA as a
co-initiator were also found to be non-cytotoxic to L929 fibroblasts
at workable concentrations. These two formulations show significant
promise as 2PP photoinitiators and should be further investigated for
use in medical implant fabrication.
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2149 Role of Chemical Characterization in Assessing
the Biocompatibility of Medical Devices

N. S. Goud, and T. W. Heise. Cook Medical, Bloomington, IN.
In recent years, there has been an increased interest in correlating biological effects induced by medical devices to their chemical composition. In this investigation, the relative roles of chemical composition of
device materials, extractable/leachable profile of chemicals, and biocompatibility tests will be explored in case studies. Catheters for monitoring arterial pressure when tested for biocompatibility (30 day blood
contacting device category) showed passing results in the relevant in
vitro and in vivo assays. Chemical composition data from the vendor
was used to determine the toxicological risk based on ISO 10993-17 and
18. The results showed that the device is safe and biocompatible for its
intended clinical use. Next, a ureteral stent (long term implant) made of
polyurethane with surface hydrophilic coating was subjected to exhaustive extraction at 50 °C for 72 h using polar, biological, and non-polar
solvents. The hexane extract analyzed by GC-MS showed the presence
of 47 compounds including a benzene derivative, whereas the extract
in synthetic urine showed only benzyl alcohol. Similarly, LC-MS of IPA/
water extracts yielded 102 compounds, but extraction of the stent in
synthetic urine for 30 days at 37 °C recorded only cyclic polybutylene
glycol. Though, the device contained a few colorants, they were not
detected as they are firmly bound in the polymeric material. The device
has passed all the biocompatibility tests and the extractables/leachables
were found to have an acceptable risk. In another case, a transseptal
needle used to access the left cardiac atrium failed the in vitro cytotoxicity assay when tested with 24 h MEM elution extract. ICP-MS analysis of
the extracts collected at 30 min or 24 h showed the presence of tin in the
amount of 13 and 510 µg/device respectively. Since, the device is used
for only few minutes in clinic, the extraction time could be restricted
to 30 min. However, the extracted tin amounts were below the tolerable intake levels with good margin of safety. Transseptal needle has
passed all the other in in vitro and in in vivo biocompatibility assays. In
summary this investigation demonstrates that in assessing the toxicity
and biocompatibility of a medical device, information on the chemical
composition and its extractable/leachable profile plays a significant role
and biological testing may not always be necessary.
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2146 Leakage of Bisphenol A from Dental Materials

2150 Development of a Model for Assessment of

Blue Light Activated Toxicity in EpiGingival and
EpiGingival-FT Tissues

D. Keller2, J. Feng3, G. Goddard3, S. Sackinger3, L. Blakemand2, E.
Manzon2, and C. Dilworth1. 1Cyprotex, Macclesfield, MI; 2Cyprotex
US, Kalamazoo, MI; and 3Philips Oral Healthcare, Bothell, WA.
Sponsor: C. Strock.
Traditional phototoxicity models examine activation of test material
by ultraviolet A (UVA) light. In these models, the test chemical’s ability
to induce toxicity in cells or tissues after light exposure is compared
to non-light exposed tissues. While UV-induced toxicity is of great
concern, it is clear that lower energy light in the blue spectrum can also
activate certain types of chemicals. Blue light is increasingly utilized to
activate molecules for a variety of therapeutic uses. Certain types of
cancer drugs, topical acne medications and dental whitening chemicals are activated by blue light exposure. MatTek’s human-derived 3D
gingival culture EpiGingival-FT was used to examine the toxicity of
several test chemicals after exposure to blue light (475 nm wavelength).
Tissues were exposed to negative control (DPBS) and Protoporphyrn IX,
Blebbistatin and 5-aminolevulinic acid. The tissues were shielded from
light or subsequently exposed to light, for approximately 30 minutes
at varying mW/cm2. Tissues were then rinsed and allowed to recover
for 18 to 24 hours at 37°C 5% CO2. Viability of the tissues was examined after recovery using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). Light dependent toxicity was observed in the
EpiGingival-FT model after treatment with Protoporphyrn IX and 5-aminolevulinic acid. In addition to examination of the reference chemicals,
blue light alone was evaluated for its ability to induce toxicity. Viability
of EpiGingival-FT tissues was unaffected by increasing blue light doses.

2151 Evaluation of Sodium Dodecyl Sulfate

Concentration for Positive Control in In Vitro
Irritation Testing Using a Reconstructed Human
Epidermis Model

A. Turley, D. Olsen, and M. Lee. Nelson Laboratories LLC,
Taylorsville, UT. Sponsor: S. Campbell.
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Irritation testing for medical devices has typically been assessed using in
vivo models. However, there is a general move in the industry towards in
vitro alternatives using a Reconstructed Human Epidermis (RhE) model.
Currently accepted in vitro irritation procedures for the testing of neat
chemicals, detailed in OECD 439, have been adapted for the testing of
medical devices. A common positive control for this assay is 1% sodium
dodecyl sulfate (SDS). The acceptance criterion for the positive control
in the adapted procedures is ≤20% cellular viability. Although using 1%
SDS meets the acceptance criteria for a positive control, severe tissue
damage, including complete loss of tissue have been observed during
testing, resulting in a loss of replicates for statistical analysis. To determine the concentration of SDS that will meet the acceptance criteria
of ≤20% viability, while still maintaining tissue integrity during testing,
in vitro irritation testing following a generally accepted procedure was
performed with varying concentrations of SDS. The SDS was diluted in
water or saline generating concentrations between 0.05 and 1.0%. RhE
tissues were directly exposed to the SDS solutions by adding 100 µL to
the apical surface of the tissues in triplicate. The tissues were then incubated for 18-24 hours at 37°C, 5±1% CO2 and 95% RH. Tissue viability was
determined by measuring the cellular viability (post tissue exposure) via
a MTT assay. Optical density (OD) was read on a spectrophotometer at
570 nm. The OD readings were then evaluated using Microsoft Excel and
the percent viabilities were calculated from a comparison of the positive
control versus the negative control (tissues exposed to saline only). The
results show a SDS concentration below 1% and above 0.05% produce a
reproducible positive response with the tissue remaining intact with the
polycarbonate filter. Testing laboratories performing alternate in vitro
irritation methods should carefully consider the positive control concentrations used in order to prevent loss of replicates and ability to perform
statistical analysis during test development.

2152 Evaluation of Exposure Time for In Vitro Skin
Irritation Testing of Medical Devices

D. S. Olsen, A. Turley, and M. Lee. Nelson Laboratories, LLC, Salt
Lake City, UT. Sponsor: S. Campbell.
Skin irritation is a condition caused by acute damage to keratinocytes
following exposure to a chemical. Testing for skin irritation potential
of medical devices has typically involved the use of laboratory animal
models. In an effort to reduce the need for in vivo testing, alternative
methods for assessing the skin irritation potential in vitro have been

developed. These methods have been adapted from OECD test method
439, which was created for testing neat chemicals. However, because
any irritant compounds found in medical device extracts will generally
be at very low concentrations, a longer exposure period is needed. It
is possible that the length of the exposure period for in vitro irritation
test methods may have an effect on the test results. In order to evaluate
the effect of exposure period length, in vitro irritation testing was performed at different exposure times. Multiple polymer materials, as well
as polymer materials imbedded with irritant chemicals, were extracted
at 37°C for 72 hours in both saline and sesame oil. Reconstructed human
epidermis (RhE) tissues were exposed to the test extracts by placing 100
µL of each extract onto the tissue surface for 18 and 24 hours. Tissue
viability was determined by MTT reduction and interleukin-1α (IL-1α)
concentration was determined by ELISA. Tissue viability of ≤50% and
increased IL-1α concentration compared to negative controls were
indicative of skin irritation. In no case did the end classification (irritant
or non-irritant) of any test sample change because of the difference in
exposure time. However, positive irritant samples consistently showed
a stronger response at 24 hours and there were a few borderline results
at 18 hours that were clearly positive at 24 hours. Exposure time is an
important aspect to consider for future in vitro skin irritation testing of
medical device extracts.

2153 Withdrawn by Author

2153b Round Robin Study to Evaluate the

Reconstructed Human Epidermis (RhE) Model
as In Vitro Skin Irritation Test for Detection of
Irritant Activity in Medical Device Extracts

W. H. De Jong10, S. Hoffmann11, M. Lee9, H. Kandarova5, S.
Letasiova5, L. J. De La Fonteyne10, C. Pellevoisin3, C. Tornier3,
C. Bremond3, Y. Haishima8, A. M. Zdawczyk7, A. Turley9, J. A.
Willoughby2, M. A. Bachelor4, B. Rollins1 , and K. P. Coleman6.
1Arthrex, Inc, Naples, FL; 2Cyprotex US LCC, Kalamazoo, MI;
3EpiSkin Academy, Lyon, France; 4MatTek Corporation, Ashland,
MA; 5MatTek IVLSL, Bratislava, Slovakia; 6Medtronic, PLC,
Minneapolis, MN; 7NAMSA, Northwood, OH; 8National Institute of
Health Sciences, Tokyo, Japan; 9Nelson Laboratories, Inc., Salt Lake
City, UT; 10RIVM, Bilthoven, Netherlands; and 11SEH Consulting and
Services, Paderborn, Germany.
Assessment of dermal irritation is an essential component of the safety
evaluation of medical devices. A protocol employing RhE EpiDerm
(MatTek), according to OECD 439 used for neat chemicals, was optimized
in 2013 using liquid irritants spiked into polymer extracts (Casas et al.,
TIV, 2013) and in 2014 with another RhE, SkinEthic RHE (EPISKIN SA). In
2016, an international round robin validation study was conducted to
confirm these results. Two RhE models were evaluated: EpiDerm tissues
in 18 laboratories and SkinEthic RHE tissues in 8 laboratories. Four irritant
polymers and three non-irritant controls were obtained or developed
and certified prior to use. Blinded polymer samples were extracted with
sesame oil and saline per ISO 10993-12 (i.e., 3 cm2/mL solvent extracts
incubated at 37 ± 1 °C for 72 ± 2 hours with agitation). The apical surfaces of tissues were dosed with 100 μL extract aliquots. Positive and
negative solvent controls were included. Tissues were kept in humidified incubators at 37 °C with 5% CO2. Incubation times were 18 hours
(EpiDerm) and 24 hours (SkinEthic RHE). After incubation and rinsing
with PBS, cell viability was determined by the colorimetric MTT reduction method. Cell viability reduction greater than 50% was indicative
of skin irritation. Both the EpiDerm and SkinEthic RHE tissues were able
to correctly identify virtually all of the irritant polymer samples either in
the saline, sesame oil or both solvent extracts. Our results indicate that
RhE tissue models can detect the presence of strong skin irritants at low
levels in dilute medical device polymer extracts. Therefore, these models
may be suitable replacements for the rabbit skin irritation test to evaluate medical device biocompatibility.

Silver Nanoparticles Using the EpiDerm Skin
Irritation Test

J. A. Leissa1, A. K. Nguyen2, A. Mishra2, J. Zheng2, Y. Wu2, G.
Kumar2, and P. L. Goering2. 1Ohio State University, Columbus, OH;
and 2US FDA, Silver Spring, MD.
In vitro toxicology evaluations utilizing human tissue models represent attractive alternatives to conventional animal models, which
are not always predictive of human responses. Exposure to nanoparticles released from medical devices may cause irritation to the tissue
in contact, potentially causing irritation and associated inflammation.
The aim of this study was to evaluate the irritation potential of silver
nanoparticles (AgNPs) by using the In Vitro EpiDerm Skin Irritation Test
model, based on reconstructed human epidermis tissue. Epiderm tissues
were treated with varying concentrations of 10nm, PVP-coated, AgNPs
(0, 1, 10, and 50 μg/mL). The air interface of the tissues was exposed
to AgNPs and incubated (37°C, 5% CO2, 95% RH) for 24 h, followed by
multiple washings with DPBS. Irritation potential of AgNPs was assessed
quantitatively via the MTT cell viability assay and qualitatively via H&E
histological and immunofluorescence staining. The spatial and temporal
localization of AgNPs was assessed to understand the extent of penetration, if any, into the Epiderm tissue by using imaging methods that
permit chemical identification, i.e., Cytoviva hyperspectral microscopy
and scanning electron microscopy coupled with energy-dispersive X-ray
spectroscopy (SEM/EDX). MTT data indicated that 10nm, PVP-coated
AgNPs did not produce an irritation response. Histopathology and
immunofluorescence evaluations confirmed no significant injury to the
tissues exposed to AgNPs. The hyperspectral microscopy imaging and
SEM/EDX analyses indicated that the localization of AgNPs was limited
to the surface of the stratum corneum with no evidence of penetration.
In conclusion, the data demonstrated that AgNPs do not penetrate the
stratum corneum barrier to cause dermal irritation in the Epiderm tissue
model. Further, this study has shown that the Epiderm model can be
enhanced with additional analytical techniques to investigate skin irritation and dermal penetration of nanomaterials in general.

2155 Assessing the Biological Impact of Degradants

Evolving from Biodegradable Polymeric Medical
Devices

S. A. Skoog, J. Guo, R. A. Malinauskas, Q. Lu, and B. J. Casey. US
FDA, Silver Spring, MD.
Novel use of biodegradable polymers in medical devices, including Class
III cardiovascular devices, has resulted in new risks as these polymers
degrade in the human body and could potentially release toxic compounds. To address these risks, it is critical to develop an enhanced,
quantitative understanding of how these materials affect local and systemic tissue responses. Unfortunately, assessing biocompatibility and
the risks they pose to patients is quite complex since these materials are
constantly changing. The goal of this study was to assess the biocompatibility of degradants released from biodegradable polymers widely
used in medical products. Polymeric materials, such as lactide- and glycolide-based polyesters (PLGA, PDLA, PLLA) as well as polycaprolactone
(PCL), of low and high molecular weights (MW) were degraded in vitro
in a physiologically relevant process (phosphate buffered saline, 37°C).
Over an 8-month degradation period, we systematically characterized
polymer degradation and assessed the in vitro biocompatibility of the
degradants. Degradant species were identified and quantified using
electrospray ionization (ESI) liquid chromatography - mass spectrometry
(LC-MS). The influence of degradants on cytotoxicity in various cell types
(mouse fibroblasts, mouse osteoblasts, human coronary artery endothelial cells, and human monocytes) was assessed by evaluating cell viability, inflammation, oxidative stress, and morphology. The effects on
human blood compatibility were also investigated, including hemolysis,
coagulation cascade activation, and platelet activation/aggregation. The
results showed that degradation products caused adverse biological
responses at certain time points for the fast degrading polymers (PLGA
50:50). The polymer degradants from low MW PLGA 50:50 resulted in
significant cell death in all cell types as early as four weeks. By contrast,
the high MW PLGA 50:50 with less degradation resulted in only moderate cell death at the corresponding early time points. Decreases in pH
due to the acidic degradation products assessed under these conditions
might have contributed to the adverse biological responses. Minimal to
no cytotoxicity was observed for PDLA, PLLA, and PCL, which exhibited
no measured degradation at the early time points.

2156 Improving Risk Assessment of Color Additives in
Medical Device Polymers

V. Chandrasekar3, D. W. Janes3, C. Forrey3, D. M. Saylor3, A. Bajaj1,
T. V. Duncan2, J. Zheng3, K. B. Riaz Ahmed3, A. Hood3, and B. J.
Casey3. 1Illinois Institute of Technology, Bedford Park, IL; 2US FDA,
Bedford Park, IL; and 3US FDA, Silver Spring, MD.
Color additives are used in a wide range of polymeric medical devices,
and if leached at toxicologically significant amounts, could lead to
adverse health effects. The potential health risk of color additives may be
assessed by comparing the amount of color additive released over time
to acceptable threshold levels based on available toxicity data. Potential
health risk is typically assessed initially by assuming 100% of the color
additive leaches during the first 24 hours, which can result in severe
over-estimation of exposure. Thus, there is a need for better understanding of color additive release from medical devices. We propose a
conservative exposure model that requires only the diffusion coefficient
of the additive in the polymer matrix, , to be specified. This model is
applied here using a model polymer (poly(ether-block-amide), PEBAX
2533) compounded with two sample color additives (quinizarin blue
(QB) and manganese phthalocyanine (MnPC)). Experimental diffusivity
and solubility parameters were obtained from sorption experiments
performed in an aqueous dispersion of QB or MnPC into neat PEBAX.
Based on these experimentally determined transport parameters, the
model was validated by comparing predictions to the leaching profiles
of QB and MnPC from a PEBAX matrix into physiologically representative solvent. Available toxicity data for the color additives was evaluated
to determine acceptable toxicological threshold values (i.e., provisional
Tolerable Intake (TI) or Threshold of Toxicological Concern (TTC) values).
By considering the release of the color additive from PEBAX matrices
over time and comparing with an acceptance threshold, we demonstrate that a significant enhancement in the device size that would give
rise to a toxicological concern can be achieved. These findings suggest
that worst-case color additive exposure estimates based on diffusion
modeling will improve initial screening-level risk assessments of color
additives used in medical devices, and can be extended to other potentially toxic compounds found in device polymers.

2157 Derivation and Application of Short-Term NonCancer Thresholds of Toxicological Concern
(TTC) for Use in Risk Assessment of Medical
Devices

M. Cabonce, P. Alwin, C. Olson, V. Melin, D. Fuhrer, S. Parker, and K.
Ehman. WuXi AppTec, St Paul, MN.
The Threshold of Toxicological Concern (TTC) is a practical and widely
applied concept in risk assessment that serves to both reduce experimental animal use and facilitate the toxicity evaluation of chemicals.
Current non-cancer TTC values based on Cramer classification have been
established for chronic exposure; however, these lifetime TTCs may be
overly conservative when evaluating medical devices with short-term
(≤ 30 days) exposure. Using the established lifetime Class I and III TTC
values (Munro et al., 1996), short-term TTC values were derived by multiplying the lifetime TTC by 6 or 3 for application to limited (≤ 24 hr) or
prolonged (> 24 hr to ≤ 30 days) device exposure. As such, the proposed
short-term Class I TTCs are 180 (limited) and 90 (prolonged) µg/kg/day,
and for Class III, 9 (limited) and 4.5 (prolonged) µg/kg/day. To determine if the proposed short-term TTC values would be health-protective,
they were compared to tolerable intake (TI) values derived for parenteral exposure in accordance with ISO 10993-17 for chemicals that have
been identified in medical device extracts. The proposed short-term
TTC values for limited and prolonged device exposure were evaluated
against TI values derived from 28-day or 90-day studies, respectively.
The validity of the derived short-term TTC values was evaluated by comparing the proposed short-term TTC to the calculated TI for the selected
compounds (i.e., the TTC was considered protective if the derived TI
value for a given compound was greater than the proposed short-term
TTC). The proposed short-term TTCs for Class I chemicals would be considered protective 65% (n=23) and 82% (n=28) of the time, for limited
and prolonged device exposure, respectively. Lifetime TTCs for the same
Class I chemicals were protective 96% of the time for both limited and
prolonged device exposure. Both proposed short-term TTCs and lifetime TTCs for Class III chemicals would be considered protective 100%
of the time for both durations, (limited, n=20; and prolonged, n =28).
Preliminary review of internal data suggests that a higher, short-term
non-cancer TTC may be feasible for Class III chemicals. The suitability
and limitations of the proposed short-term TTCs for medical device risk
assessments will be discussed.
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2154 Evaluation of the Skin Irritation Potential of

2158 Food Allergy in Medical Devices: Risk

Assessment of Tropomyosin in ChitosanContaining Products

W. V. Christian1, and J. Brown2. 1Medtronic, Jacksonville, FL; and
2Medtronic, Minneapolis, MN.
Chitosan has been incorporated into hemostatic and wound healing
medical devices, such as hydrogels, scaffolds, and sponges, because of
its biocompatible, biodegradable, and antimicrobial properties. Being
the deacetylated derivative of chitin (β-(1-4)-poly-N-acetyl-D-glucosamine), which is the major structural component in the exoskeleton of
crab and shrimp, chitosan can be contaminated with shellfish tropomyosin, a muscle protein and known pan-allergen. In turn, chitosan-containing medical devices may have the potential to elicit IgE-mediated
type I hypersensitivity reactions (i.e., food allergy responses) in certain
allergic individuals. Because the ISO 10993 standards for evaluating
medical device biocompatibility do not address type I hypersensitivity,
a risk assessment was conducted to establish acceptable levels of tropomyosin in chitosan-containing products. The Allergome database
was mined to identify tropomyosin-allergic subpopulations. Data from
oral and double-blinded placebo-controlled food challenge studies
with shellfish were collected from the scientific literature or donated by
physicians. The food doses used in the studies were stoichiometrically
converted to tropomyosin doses using information from the literature.
A cumulative distribution plot was used to define the basic dose-response curve, and Interval-Censoring Survival Analysis with log-normal,
log-logistic, Weibull, and gamma parametric modeling was used to fit
the data to dose distribution curves for estimating population eliciting
doses (ED). ~220 tropomyosin allergens were found in the Allergome
database; potential sensitive subpopulations included individuals
allergic to tropomyosin from various crustaceans and mollusks as well
as tropomyosin from certain arachnids, insects, and parasitic worms.
Over 200 hundred response data points were obtained from food challenge studies, and statistical modeling revealed that ED01, ED05, and ED10
values for tropomyosin were 5.0E-6 - 1.4E-2 g. Therefore, chitosan-containing medical devices with tropomyosin levels well below these ED
values present a low chance of eliciting allergic responses in tropomyosin-sensitive patients. The results of this analysis can be used to minimize allergy accordingly and insure an acceptable risk-benefit profile.
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Vitro Hemocompatibility Testing

K. Grove2, D. Porter2, S. Deline1, T. Schatz1, and M. Smith1.
1American Preclinical Services, Minneapolis, MN; and 2Saint Jude
Medical, St. Paul, MN.
ISO 10993-4 in vivo thrombogenicity testing is required for regulatory
approval of all blood-contacting medical devices and is often a key part
of submission packages. Given the current state of in vivo thrombogenicity assays, the industry needs a more robust and reproducible assay
design including in vitro models. Saint Jude Medical has partnered with
American Preclinical Services (APS) to advance the science of the in vitro
blood loop. This assay integrates freshly-harvested ovine blood containing minimal heparin in a closed pumped loop. To confirm the reproducibility of this assay, control materials were identified which elicited
either a positive or a negative thrombogenic response. These controls
were used over a 13 month period, successfully demonstrating reproducibility in the resulting thrombogenicity scores, and were then used
in a head-to-head comparison with an in vivo thrombogenicity study
using a marketed, approved catheter as test article. Thrombogenicity
scoring with the positive and negative controls was consistent over the
24 independent assays with >95% confidence (p = 1.0 for negative controls and p = 0.55 for positive controls) when in vitro results were compared to the in vivo assay. This in vitro blood loop method allows prediction of a materials’ in vivo thrombogenicity, can substantially de-risk the
materials or coating selection process and should be used in lieu of the
in vivo models currently in use.

2160 In Vitro Thrombogenicity Assessment: An

Improved and Validated, Minimally-Heparinized
Ovine Blood-Loop Assay for Medical Devices

M. R. Cunningham, S. M. Deline, T. Schatz, S. Howard, and M. E.
Smith. American Preclinical Services, Minneapolis, MN.
ISO 10993-4 thrombogenicity testing is required for obtaining regulatory approval of most blood-contacting medical devices. This study
describes the continuing improvement in design and characterization
of a minimally-heparinized in vitro blood-loop assay which integrates
freshly harvested, pumped ovine blood. These modifications were made
after studies using this in vitro model were submitted to the US FDA

in lieu of the in vivo NAVI thrombogenicity test. The incorporation of
several parameters which further characterize and improve the assay
were included after discussions with the US FDA. These parameters
include the following: 1). Improved temperature control of the blood
before and during the incubation period, 2). Improved uniformity and
reproducibility in the geometry of the loop specifically the lengths of
working space for test article deployment and a fixed curvature radius
of the return segment of the tubing loop, 3). Accurate measurement
of pressure and flow rates within the loop, 4). Measurement of blood
components throughout the incubation period (platelet count, hematocrit), 5). Physical characterization of the positive and negative controls,
6). More rigorous management of Activated Clotting Time (ACT) in the
blood before incubation, and 7). Incorporation of a legally marketed
predicate comparator device in all the assays. Using the standard ISO
thrombogenicity scoring, 17 loop assays were performed over a period
of 5 months. Forty-eight positive control devices yielded a median score
of 5 and 51 negative control devices yielded a median score of 0. For
15 of the 17 assays, baseline platelet counts were within the normal
range for sheep and declined by 40-50% during the 4-hour incubation
period. Blood flow rate measured by Doppler flow for all the loops was
0.5 ± 0.2 L/min. Mean ACT levels for 17 loops at baseline, time of loop
filling and at time of device removal were 116 sec, 202 sec and 133/107
seconds (negative/positive control) respectively. This validated method
with enhanced characterization of the system and more reproducible
performance methods allows for a more robust and reliable model.
These results continue to support the premise that this in vitro blood
loop model will potentially supplant the NAVI model for routine hemocompatibility testing for blood contacting medical devices.

2161 ASTM Platelet and Leukocyte Assay for

Hemocompatibility Testing of Blood Contacting
Medical Devices: Use of an Alternative
Anticoagulant

T. Schatz, A. C. Beltrame, S. Howard, and M. E. Smith. American
Preclinical Services, Minneapolis, MN.
The purpose of ASTM Platelet and Leukocyte Assay is to predict the
thrombogenic potential of medical devices exposed to human whole
blood. By assessing surface-induced platelet activation and subsequent
adherence to a surface by measuring the depletion of platelets and leukocytes from blood, the thrombogenic potential of a surface or a device
may be predicted. For this study, the effects of several biomaterials were
evaluated when exposed to blood anticoagulated with either sodium
citrate (per ASTM methods) or low level heparin (~1 IU/mL). ASTM recommended positive controls were utilized: black rubber, natural rubber
latex, and crushed borosilicate glass. The control blank consisted of an
empty tube and the negative control material was HDPE. Fresh human
blood was drawn into tubes containing 3.2% sodium citrate or heparin
(~1 IU/mL). The blood counts were confirmed to be within normal
range, the blood was pooled and stored on ice. Each control material
was exposed to blood at a ratio of 12 cm2 or 1 gr/mL and incubated
at 37°C for 1 hour. Platelet and leukocyte counts from each replicate
(CBC performed on a Hemavet HV950) were averaged and compared to
the respective blank control from each anticoagulant. For the selected
materials exposed to citrated blood, the average platelet and leukocyte counts were 92.1% and 97.7% of the negative control for HPDE,
72.5% and 103% for black rubber, 101% and 101% for latex and 101%
and 103% for glass generating no positive responses. With exposure to
minimally heparinized blood, the average platelet and leukocyte counts
were 91.8% and 89.3% of the negative control for HPDE, 29.8% and
63.4% for black rubber (a strong positive response), 63.3% and 69.7%
for latex and 87.8% and 91.4% for glass. For citrated blood, all the purported positive materials neither elicited a platelet reduction response
≥ 50% of that of the negative control material nor produced a visible
clot. Heparinized blood produced consistent results for black rubber; an
average platelet reduction ≥ 50% of the negative control and a visible
clot in each replicate. This study illustrates the significant differences in
biomaterial responses when the anticoagulant used for blood collection
is changed to a less inhibitory agent than citrate. The ability of a known
positive control material to produce consistent positive results suggests
that minimally heparinized blood is preferred over citrate as an anticoagulant in this assay.

P. M. McGinnis1, J. Martinez2, B. Gadagbui2, A. M. Pecquet2, and
R. Butturini3. 1TERA, Cincinnati, OH; 2University of Cincinnati,
Cincinnati, OH; and 3US Consumer Product Safety Commission,
Bethesda, MD.
The Consumer Product Safety Act (CPSA) requires testing of children’s
products for compliance with applicable children’s product safety rules.
The 2008 Consumer Product Safety Improvement Act (CPSIA) restricts
the presence of 6 phthalates in children’s toys and child care articles
above 0.1%; several other phthalates are permanently banned based
on toxicity and exposure data or are under an interim ban pending sufficient toxicity and exposure data to determine potential health risks.
As part of CPSC’s efforts to reduce the burden for third party testing of
products by manufacturers, we conducted a literature search and review
of the raw materials, manufacturing processes, physical/chemical properties, application in consumer and nonconsumer products, and potential routes of introduction of 11 phthalates into phthalate-free materials.
The tiered research approach applied to identify relevant data sources
was efficient and effective: authoritative secondary sources, web sites,
primary literature searches and targeted gap searching provided confidence that data gaps were identified and available relevant information
was obtained. The largest gap was for information regarding migration
of the phthalates between materials (e.g., from packaging to a product).
Generalizations about the phthalates, including their lipophilicity,
hydrophobic nature, synthesis, and movement, may assist in CPSC decision-making regarding testing requirements. Eight of the 11 phthalates were found to be widely present in consumer products, including
children’s products. Evidence of concentrations above the 0.1% limit
was found for some of the phthalates. This project has been funded
with federal funds from the United States Consumer Product Safety
Commission under contract number CPSC-D-12-0001. The content of this
publication does not necessarily reflect the views of the Commission, nor
does mention of trade names, commercial products, or organizations imply
endorsement by the Commission.

2163 Potential for Presence of Phthalates in Selected
Plastics

Martinez2,

J.
P. M. McGinnis1, B. Gadagbui2, A. M. Pecquet2, and
3
1
R. Butturini . TERA, Cincinnati, OH; 2University of Cincinnati,
Cincinnati, OH; and 3US Consumer Product Safety Commission,
Bethesda, MD.
The Consumer Product Safety Act (CPSA) requires testing of children’s
products for compliance with applicable children’s product safety rules.
The 2008 Consumer Product Safety Improvement Act (CPSIA) restricts
the presence of certain phthalates in children’s toys and child care
articles above 0.1%; several other phthalates are permanently banned
based on toxicity and exposure data or are under an interim ban pending
sufficient toxicity and exposure data to determine potential health risks.
As part of CPSC’s efforts to reduce the burden for third party testing of
products by manufacturers, we researched the raw materials, manufacturing processes, and typical applications in consumer products (especially children’s toys and child care articles), for 4 specific plastics: polypropylene (PP), polyethylene (PE), high impact polystyrene (HIPS), and
acrylonitrile butadiene styrene (ABS). The objective was to determine
if the plastics potentially contain certain phthalates at concentrations
> 0.1%. Recycled materials and potential migration of phthalates due
to packaging, storage, or use were researched. Three phthalates (DEHP,
DBP, and DIBP) in 3 of the specified plastics (PP, PE, ABS) had concentrations generally < 200 ppm (or 0.02%), < the 0.1% limit. Manufacturing
processes that utilize a Ziegler-Natta catalyst, may include DEHP, DBP, or
DIBP at very low concentrations; use of this catalyst is unlikely to result
in a concentration of the phthalate greater than 0.1% in the plastic.
Phthalates were identified in recycled high density PE regranules from
household waste (up to 200 ppm or 0.02% HDPE) that could potentially
make new PP. Phthalates were detected in a baby bottle made of PP and
coffee capsules made of PS, PE, PP. Studies on product concentration
or migration of phthalates reported no phthalates or very low levels in
ppb or ppt range. While phthalates have been reported in children’s
toys and child care products, the specific types of materials the toys
and products are made from were not typically identified. This project
has been funded with federal funds from the United States Consumer
Product Safety Commission under contract number CPSC-D-12-0001.
The content of this publication does not necessarily reflect the views of the
Commission, nor does mention of trade names, commercial products, or
organizations imply endorsement by the Commission.

2164 Potential for the Presence of Phthalates in

Materials at Concentrations above 0.1 Percent

B. Gadagbui2, P. M. McGinnis1, J. Martinez2, J. Patterson2, A.
Parker2, C. Onyema2, and K. M. Hatlelid3. 1TERA, Cincinnati, OH;
2University of Cincinnati, Cincinnati, OH; and 3US Consumer
Product Safety Commission, Rockville, MD.
The Consumer Product Safety Act (CPSA) requires testing of children’s
products for compliance with applicable children’s product safety rules.
The 2008 Consumer Product Safety Improvement Act (CPSIA) restricts
the presence of 6 phthalates in children’s toys and child care articles
above 0.1%; several other phthalates are permanently banned based
on toxicity and exposure data or are under an interim ban pending sufficient toxicity and exposure data to determine potential health risks.
As part of CPSC’s efforts to reduce the burden for third party testing
of products by manufacturers, we developed an efficient and effective
tiered literature review strategy to identify relevant data sources and
information to determine the potential for the presence of 10 specified
phthalates (DEHP, DBP, BBP, DINP, DIDP, DnOP, DIBP, DPENP, DHEXP,
DCHP) at concentrations above 0.1% in 11 plastic materials. We evaluated the raw materials and manufacturing processes used to produce
the plastics; typical applications for the specified plastics in consumer
products; the potential use of recycled materials containing the phthalates in the production of the plastics; and the potential for phthalate
migration between materials. These plastics are used widely in consumer products, some for toys and child care articles. Out of the 10
specified phthalates, we found no evidence that 6 specified phthalates
would be found in the plastics. We often found no direct measurements
of the phthalates in the plastic materials themselves; however, we found
some indirect evidence that one or more of the phthalates (DEHP, DBP,
DnOP, DIBP) might be found in certain plastics (PMMA/PAN, EBR, EBC,
EVA/EVOH, EPM/EPDM, polycarbonate, GPS/MIPS/SHIPS, and silicone
rubber). Some of the phthalates exceed the threshold of the 0.1% limit
specified in section 108 of the CPSIA. This project has been funded
with federal funds from the United States Consumer Product Safety
Commission under contract number CPSC-D-12-0001. The content of this
publication does not necessarily reflect the views of the Commission, nor
does mention of trade names, commercial products, or organizations imply
endorsement by the Commission.

2165 Potential for Phthalates or Elements in Undyed
Fibers and Their Dyes

A. M. Pecquet2, B. Gadagbui2, K. M. Hatlelid3, J. Martinez2, P. M.
McGinnis1, C. Onyema2, J. Patterson2, and M. Vincent2. 1TERA,
Cincinnati, OH; 2University of Cincinnati, Cincinnati, OH; and 3US
Consumer Product Safety Commission, Rockville, MD.
The Consumer Product Safety Improvement Act (CPSIA) restricts the
presence of certain phthalates in children’s toys/childcare articles and
restricts certain heavy metals in toys for children. We investigated the
potential for the restricted elements/phthalates to be present in undyed
textile fibers and their dyes that may be used to make toys and childcare articles. This poster focuses on the challenges that arose due to
the large number and diversity of dyes, proprietary manufacturing processes and data, use of pre- and post-dyeing treatments, and use of dye
auxiliaries. Confusing dye classifications (≥25 chemical classes and ≥9
fiber application methods) made it difficult to assess in a systematic way.
However, we were able to overcome these challenges utilizing a systematic research approach and synthesizing multiple lines of evidence from
alternative sources of data. The research strategy investigated raw materials and manufacturing processes, utilized a comprehensive literature
search, and developed an approach and rationale for addressing the
most commonly used dyes. The research found that the restricted elements/phthalates could be present either as impurities in certain fibers/
dyes themselves or introduced through manufacturing. Specifically,
antimony, arsenic, barium, cadmium, chromium, mercury, butyl benzyl
phthalate, dibutyl phthalate, di-2-ethylhexyl phthalate, diisodecyl
phthalate, and dioctylphthalate have the potential to be present, and
although little information on their concentrations was identified, most
were well below the limits. The concentrations of phthalates were all less
than the 0.1% limit (1000 ppm) specified by CPSIA. In only two instances
were elements found to exceed their limits: antimony and chromium.
However, both data points were from textiles of undetermined finishing
and it was not known if the source in the samples was the fiber, the dye,
or other finishing chemicals. This project has been funded with federal
funds from the United States Consumer Product Safety Commission
under contract number CPSC-D-12-0001. The content of this publication
does not necessarily reflect the views of the Commission, nor does mention
of trade names, commercial products, or organizations imply endorsement
by the Commission.
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2162 Composition, Production and Use of Phthalates

2166 New Science Informs the Weight of Evidence

for Formaldehyde and Lymphohematopoietic
(LHP) Malignancies: Five Years since the NAS
Review of the Draft IRIS Toxicological Review of
Formaldehyde

R. Gentry2, L. Dell1, C. Van Landingham2, and K. Mundt1. 1Ramboll
Environ, Amherst, MA; and 2Ramboll Environ, Monroe, LA.
In 2010, USEPA released the Draft IRIS Toxicological Review of
Formaldehyde, concluding that human evidence was sufficient to
demonstrate causal associations between formaldehyde exposure
and all leukemias, all myeloid leukemias, and LHP cancers. A National
Academy of Sciences (NAS) Committee (NAS 2011) peer-reviewed the
Draft and identified methodological issues, including the grouping of
specific LHP cancers that have different etiologies, and key data gaps,
bringing into question these causal conclusions. Now, five years since
the NAS review was published, USEPA’s IRIS program has implemented
improvements (NAS 2014), and new toxicological and epidemiological
evaluations of formaldehyde relevant to LHP cancers have been published. Topics highlighted in the NAS review that are now addressed
include understanding the association between formaldehyde and
specific LHP cancers; differences between endogenous and exogenous
formaldehyde exposure; and application of independent and alternative quantitative risk assessment approaches. Recent publications
include re-analyses of the raw data, and additional analyses not previously published from two key studies preferentially relied upon in the
Draft IRIS regarding the association between formaldehyde exposure
and aneuploidy, blood parameters, specific leukemias and other specific LHP cancers. Results of these new analyses challenge causal associations between formaldehyde exposure and LHPs found in the Draft
IRIS. The results of these analyses also highlight the need to evaluate
the raw data more fully, to document analytical methods transparently,
and to establish reproducibility, before drawing conclusions regarding
causality. In addition, recent epidemiological research demonstrates
no consistent or statistically significant increased risk of acute myeloid
leukemia (AML) among various formaldehyde-exposed occupational
groups. The research and analyses conducted in response to the NAS
comments provides important information regarding human health
implications of formaldehyde exposure and should inform the revised
IRIS Formaldehyde Review.
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2167 Derivation of Notification Levels of Unregulated
Chemical Parameters for Public Health Use in
Ontario, Canada

T. Lalvani1, R. Chung1, J. Minnery1, and R. Copes1,2,. 1Public Health
Ontario, Toronto, ON, Canada; and 2University of Toronto,
Toronto, ON, Canada.
Groundwater conditions across Ontario are characterized by the
Provincial Groundwater Monitoring Network, which includes over 470
wells that report on ambient groundwater levels and chemistry conditions and the Ontario Geological Survey which is a static one-time
sampling program that currently has covered an area of approximately
96,000 km2. Both programs analyze for a number of chemical parameters with and without an Ontario drinking water standard. Although a
notification process for regulated parameters exists in Ontario, on-going
efforts to strengthen source water protection and notify private well
owners of potential bacterial and chemical levels requires a process to
assess chemical parameters without an Ontario drinking water standard,
These levels could be considered notification levels. In order to establish a notification level for 42 un-regulated chemical parameters that
have been measured in groundwater from both programs, the following
steps to ‘triage’ chemicals for evaluation was conducted: 1. Jurisdictional
scan of drinking water values; 2. Toxicity reference value scan; and, 3.
Review of other available data and chemical-specific information (e.g.,
background groundwater concentrations, estimated dietary intakes,
chemical characteristics and available toxicity information). Notification
levels are not intended to be surrogate drinking water guidelines and
are not used to interpret health risks, as groundwater data may not be
representative of drinking water conditions. These values may be used
to inform public health units about chemical trends in groundwater, and
whether broader public health action or intervention may be required.

2168 A Consultative Approach for Review and
Selection of Toxicity Reference Values

O. Grabovska, M. Pagliarulo, J. Gilmore, D. Jugloff, G. Kalabis, M.
Kilemade, S. Tavakoli, and J. Schroeder. Ontario Ministry of the
Environment and Climate Change, Toronto, ON, Canada.
The Ontario Ministry of the Environment and Climate Change (the ministry) relies on human Toxicity Reference Values (TRVs) which are used in
program applications and standards setting. Selection of TRVs involves
a review of the rationales from multiple agencies. In 2015, the ministry
introduced a new process to enhance the transparency and efficiency
of TRV selection. The new process involves a review of TRV derivations
based on established criteria and the application of a weight of evidence approach. Mode of action (MOA) analysis is applied to support
the selection of the cancer-based TRVs. For example, for ethylbenzene,
the ministry concluded that the MOA underlying the development of
renal neoplasia does not involve direct action on DNA, and therefore did
not select a TRV. After the independent reviews are completed, a single
evaluation for each TRV is developed with classification according to its
supportability. A final TRV is selected from supportable TRVs and a confidence rating is assigned. In rare cases, the ministry suggests minor modifications (mainly with respect to the uncertainty factors (UF) applied)
based on ministry’s analysis. For example, for cyanide, the ministry suggested reducing the database deficiency UF of 10 applied by the US
EPA IRIS in its inhalation reference concentration. Draft recommendations by the ministry are then provided to a multi-stakeholder group of
external practitioners with expertise in toxicology and risk assessment
practice. Their input is considered in the final selection by the ministry.
When no single preferred TRV can be identified, the ministry notes the
acceptability of all supportable TRVs. The updated TRV selection process
facilitates the selection of the most scientifically supportable TRVs and
enhances the transparency and efficiency of TRV selection process.
Details of the process and criteria used to critically evaluate the derivations will be presented with case studies.

2169 Regulatory Submissions under ICH M7–
Application of Expert Review

L. A. Johnston, W. E. Nye, A. L. Shannon-Little, D. J. Yeo, and A.
P. Harding. Lhasa Limited, Leeds, United Kingdom. Sponsor: C.
Barber.
The ICH M7 guideline1 for the assessment and control of DNA reactive
(mutagenic) impurities in pharmaceuticals permits the use of in silico
predictions in place of in vitro testing. The guideline describes the need
for two predictive systems: one expert rule-based and the second statistical-based. Derek Nexus and Sarah Nexus can be used to complement
one another to fulfil this in silico requirement of the ICH M7 guideline.
Derek Nexus is an expert rule-based system, which contains 115 structural alerts for bacterial, in vitro mutagenicity, of which 25% are based
upon proprietary data2.i Sarah Nexus is a statistical-based software tool,
which has a training set built from 9507 compounds and their associated Ames test data3. The ICH M7 guideline states that, if warranted,
the outcome of the in silico systems is to be reviewed using expert
knowledge in order to provide the relevance on any positive, negative,
conflicting or inconclusive predictions; providing rationale to support
the final conclusion. However, making a robust deduction is not always
straightforward; experts may disagree on the final conclusion reached in
challenging cases. This poster aims to explore this expert review process
of in silico results for potentially mutagenic impurities, and we anticipate that this will facilitate discussion between experts in this field. We
consider a series of case studies in which the outcome may be difficult
to assess consistently, and demonstrate sensible arguments that could
be presented to regulators in each case. Footnotes 1 ICH HARMONISED
TRIPARTITE GUIDELINE http://www.ich.org/fileadmin/Public_Web_Site/
ICH_Products/Guidelines/Multidisciplinary/M7/M7_Step_4.pdf 2 D.P.
Elder, A. White, J. Harvey, A. Teasdale, R.V. Williams, E. Covey Crump,
Org. Process Res. Dev., 2015, 19 (11), 1486-1494 3 C. Barber, A. Amberg, L.
Custer, K. L. Dobo, S. Glowienke, J. Van Gompel, S. Gutsell, J. Harvey, M.
Honma, M. O. Kenyon, N. Kruhlak, W. Muster, L. Stavitskaya, A. Teasdale,
J. Vessey, J. Wichard, Toxicol. Pharm., 2015, 73, 367-377

2170 Safety Considerations for Environmental Release
of CRISPR-Edited Plants

J. D. Wolt, and K. Wang. Iowa State University, Ames, IA.
The CRISPR/Cas9 system (clustered regularly interspaced short palindromic repeats with associated Cas9 protein) has become the preferred
system for genome editing with demonstrated applications in a number
of economically important plant species. The process for site-directed
mutation involves double strand breaks and repair through homolo-

2171 A Novel Automated Hazard Screening
Methodology: 3E Green Score

H.
and A. T. Black2. 13E Company, Bethesda, MD; and 23E
Company, Warrenton, VA.
Plugge1,

One of the major obstacles in the sustainability field is the lack of hazard
assessment/ screening methodologies for products/mixtures. Assessing
all products for hazard let alone risk using present methodologies would
require substantially more intellectual resources than presently available. Hence, the use of screening methodologies to prescreen chemicals. However, most current methodologies do not offer product/
mixture level assessments. In addition most of the methodologies
are (regulatory) list or classification based. To address some of these
deficiencies, 3E developed a novel approach: the 3E Green Score tool.
Using mostly raw scientific data provide a numerical hazard score that
can be used to screen chemicals, mixtures and products for inherent
hazard. The scoring system rates chemicals and products on a scale of
1 to 1000 with 1000 being the greenest. The only inputs to 3E Green
Score are the chemical name or the CAS RN, as well as the percentage of
the chemical in the mixture/product being assessed. One of the applications of this system is in Read-Across. We will present results from
a read-across for short chain C5-C8 aldehydes to the corresponding
ketones, including isomers. Endpoints discussed will include mutagenicity and acute toxicity. Several datagaps exist in these databases for
these chemicals and application of our 3E Green Score tool to the actual
read-across data for acute toxicity to address these deficiencies will be
discussed in detail. One of our contrary findings is that acute oral toxicity
for aldehydes appears lower than for ketones, an anomaly given the
differences in reactivity. This anomaly does not appear to hold for inhalation and dermal toxicity Assessment of complicated mixtures (greater
than 10 components) will be presented (if possible through a live link).
Applications range from read-across to assessment of product sustainability/greenness to facility level hazard screening.

the determination of an apical end point whether endocrine specific or
not, but defining some “endocrine disrupting specific modalities” will
likely come from additional data sources that are not typically part of
the regulatory data set. Understanding the reliability and relevance of
these sources will become an increasingly important element impacting
the success or failure of regulatory submissions for agrochemicals and
biocides in the EU.

2173 Endocrine Disrupting Chemicals within EU Legal
Frameworks: Environmental Perspectives

Z.-C. Dang, E. Smit, P. van Vlaardingen, C. Moerman, and C. Bodar.
RIVM, Bilthoven, Netherlands.
The European Commission recently proposed the criteria for identifying
endocrine disrupting chemicals (EDCs) of human health and the environment in the legal frameworks of pesticides and biocides. From the
environmental perspective, EDCs are also an important topic for other
EU legal frameworks including REACH, Water Framework Directive,
human and veterinary pharmaceuticals. This paper made an inventory of the EU legal frameworks for regulating EDCs and analyzed the
legal requirements, data requirements and the regulatory process for
regulating EDCs and concluded: 1. There are differences among frameworks. Risk management measures for EDCs are more stringent in some
legal frameworks compared to others. More harmonization between
various frameworks is necessary. 2. Data requirement in different frameworks focus on adverse effects. However, they supply little information
on mechanisms of action and on how the observed effects are mediated. These two elements are essential to identify a chemical as an EDC
according to the Commission’s proposal. These data gaps will hamper
authorities in tackling EDCs. 3. The Commission also proposes that all
scientific data should be considered in a systematic manner when evaluating a chemical. The current regulatory process of substance evaluation, however, is not suited to do so. 4. Procedural limitations in the
legal frameworks interfere with smoothly obtaining further, conclusive
information. In REACH, for example, it often takes around one year
to include a chemical of interest in the substance evaluation process.
Then about one year is needed for agreement on a testing proposal,
followed by at least two years for executing, reporting and evaluating
tests. 5. Environmental risk assessment and hazard classification are
mainly based on population relevant effects, such as mortality, growth
and reproduction. Studies on endocrine disruption also determine other
effects, such as changes in vitellogenin essential for the development
of fish yolk sac. Whether such effects threaten the population is often
not fully clear. It is suggested that these endpoints should also be considered when evaluating chemicals. A similar study was conducted on
human health too.

2174 Implementing Risk Assessment Provisions of

the Toxic Substances Control Act (TSCA) As
Amended by the Frank L. Lautenberg Chemical
Safety for the 21st Century Act

T. Henry. US EPA, Washington, DC.

2172 The New EU Endocrine Disruptor Scientific

Criteria: What Are the Regulatory Implications?

S. Warren2, and M. Manibusan1. 1Exponent Inc, Washington, DC;
and 2Exponent International, Harrogate, United Kingdom.
Several recent developments have occurred affecting the regulatory
acceptability of numerous chemicals used in commerce, as agrochemicals and biocides in the EU. These developments include new (15
June 2016) draft Scientific Criteria determining an endocrine disruptor,
availability of the EDSP21 Dashboard, more stringent evaluation of residues in foodstuffs and groundwater, and refinement of guidance as
to acceptable literature. These factors add to a regulatory environment
of increased conservatism including hazard-based regulatory exclusion
criteria and profoundly conservative data interpretation, such that the
prospect for successful registration of active substances can be seen to
be rapidly changing. Recently, we have reviewed the regulatory implications for several agrochemicals and biocides that are currently in use.
Pesticide dossiers are robust and can identify adverse health outcomes
and apical endpoints such as the Exclusion Criteria for carcinogenicity
and reproductive toxicity. Similarly, for endocrine adverse health outcomes, the current toxicological data are considered adequate for
regulatory risk assessments. However, if the regulatory question is to
determine endocrine modality (a component of the Scientific Criteria),
the response will likely require additional mechanistic data that may
be available through published literature, EDSP21 data, or by drawing
upon the OECD Conceptual Framework for endocrine specific assays.
In conclusion, the current pesticide registration data are adequate for

Implementing Risk Assessment Provisions of the Toxic Substances
Control Act (TSCA) as amended by the Frank R. Lautenberg Chemical
Safety for the 21st Century Act On June 22, 2016, President Obama
signed into law the Frank R. Lautenberg Chemical Safety for the 21st
Century Act which amends the Toxic Substances Control Act (TSCA),
the Nation’s primary chemicals management law. The new law, which
received bipartisan support in both the US House of Representatives
and the Senate, includes much needed improvements such as: (1)
mandatory requirement for US EPA to evaluate existing chemicals with
clear and enforceable deadlines; (2) new risk-based safety standard; (3)
increased public transparency for chemical information; and (4) consistent source of funding for US EPA to carry out the responsibilities under
the new law. The amended TSCA requires establishment of a number
of processes and procedures for prioritizing and conducting risk evaluations. In addition, a number of requirements in the amended TSCA are
specifically related to the conduct of risk assessment. For example, considerations must be given to potentially exposed or sensitive subpopulations and reduction of testing on vertebrates. Finally, a number of
provision related to scientific standards related to use of scientific information, technical procedures measures, methods, protocols, methodologies or models, including: reasonableness; clarity and completeness;
variability and uncertainty, and independent verification or peer review.
Weight of scientific evidence, availability of information, reasonably
available information, policies, procedures and guidance are also specific provisions that US EPA must address in conducting risk evaluations
and testing of chemicals. This presentation will provide an overview of
US EPA’s progress in implementing the various aspects of the new TSCA
legislation related to risk assessment.
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gous recombination and non-homologous end-joining mechanisms
of cells. The CRISPR reagents are then removed through segregation
during the plant breeding process. Currently, CRISPR/Cas9 use does not
present a clear technology trigger for safety assessment within many
regulatory regimes. Given the need for public and scientific clarity surrounding new approaches to plant bioengineering, on-going research
effort is directed toward understanding molecular level effects of the
genome editing process, their possible implications to downstream
environmental toxicity, and methodological approaches that can limit
unintended downstream effects. The three major issues for consideration are (i) methods of reagent introduction and removal to avoid
uncharacterized off-target gene edits and unintended generation of
gene drives; (ii) validated quantitative models and methods for CRISPR/
Cas9 design that seek to minimize off-target edits; and (iii) stewardship
approaches for engineered gene knockout/knockins for plant genes
of unknown function. Governance mechanisms instituted within the
community of plant genome researchers and informed by risk analysts
can assure adoption of safe and secure gene editing approaches that
address public and scientific uncertainties of this promising technology.

2175 A Comparative Study on Regulatory System for
Authorization, Restriction, and Prohibition of
Chemical Substances between K-REACH and
TSCA

H. G. Bae2,1,, K.-T. Kim2, and J.-S. Ra1. 1Korea Institute of Industrial
Technology, Ansan, Korea, Republic of; and 2Seoul National
University of Science and Technology, Seoul, Korea, Republic of.
In Korea, the Act on Registration and Evaluation, etc. of Chemical
Substance (Known as K-REACH) was came into force on Jan 1, 2015.
Chemical substances have been, legally, managed by designation of
Authorization, Restriction and Prohibition substances on the basis of
their risks. This system is different from US-TSCA, causing the confusion
and conflicts with exporter and importer. Therefore, we have performed
comparative study between TSCA and K-REACH. 1) Under K-REACH, all
new substances and designated existing substances that manufactured,
imported or sold more than 1 ton per annum are subject to registration, whereas, under TSCA, new and existing substances are managed
separately. All new substances are subject to Pre-Manufacture Notice
(PMN), and the existing substances regulated in Significant New Use
Rules (SNUR) are managed by submitting Significant New Use Notice
(SNUN). 2) Under K-REACH, chemical manufacturer, importer and etc. are
required to submit the registration data, the physical and/or chemical
properties, hazards information, uses of chemical substances and etc. If
necessary, risk information of chemical substances is also included. After
Ministry of the Environment (MoE) reviews the hazards of substances,
in certain conditions, risk of substances is examined. Finally, MoE designates Authorization, Restriction and Prohibition substances as a result
of the hazard evaluation and risk assessment. By the way, Under TSCA,
after the PMN review process, if manufacturing substances could pose a
substantial risk to health or environment, consent order are issued by US
EPA and negotiated on safety use conditions with the submitter of PMN.
Since then, US EPA issues final rule including SNUR. 3) Under TSCA, no
criteria of classification for Authorization and Restriction is stated, differently with K-REACH. Consequently, because there is the discrepancy in
chemical substances subject as well as regulatory chemical substance’s
management process in details, complementary measures are needed
to be taken.
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Identification of Chemical Accident Hazards at
the Workplace

M. Oberg1, K. Feychting3, A. Annas3, and L. Schenk2. 1Karolinska
Institutet, Södertälje, Sweden; 2Karolinska Institutet, Stockholm,
Sweden; and 3Swedish Poisons Information Centre, Stockholm,
Sweden.
Official occupational accident statistics are often incomplete which
reduces their value as a decision basis for risk management measures.
In a previous study we reviewed the 9509 calls concerning occupational
exposures made to the Swedish Poisons Information Centre (PIC) during
2010-2014 and identified 8236 individual occupational incidents. Of
these 1727 incidents were judged as major risk incidents, with potential
for severe health effects and in need of immediate health care. In the
present study we have compared the major risk incidents in the PIC data
to accident statistics from the Swedish Work Environment Authority.
The objective of this comparison is to gain more insight into whether
certain product groups are more commonly underreported than others.
We extracted all accidents in the Swedish occupational injury database (ISA) attributed to the cause “dust, gases, fumes or liquids” for the
years 2010 through 2014 (n=1951). Combining the information on type
of injury, free-text entries on causal agent these accidents were then
recoded to match the product categorization of our PIC database. ISA
accidents clearly not posing any poisoning risks (e.g. falls) were sorted
out, leaving 1234 accidents involving injuries caused by chemical exposures. A main finding is that ISA data are less detailed than PIC data with
regards to chemical identity, for instance only the source of the spill
(e.g. ‘bucket’/’hose’) and not the content of the specific product, was
entered in 44% of the ISA accidents and another 11% only enter “chemical” without any further indication of the nature of the usage, product
or hazard. The relative frequency of product categories differs in many
cases. For instance, cleaning agents are reported in 32% of major risk
PIC incidents and only 16 % of ISA incidents. We conclude that although
the PIC records are not collected for the purpose of occupational surveillance, they may complement official statistics on occupational accidents with chemicals. For instance PIC data are more precise regarding
product and chemical identity and may thus help identify problematic
occupational uses.

2177 Occupational Exposure Limit Analysis of
GreenScreens

R. Galante1, B. Reid1, and M. Whittaker2. 1ToxServices LLC, Ann
Arbor, MI; and 2ToxServices LLC, Washington, DC.
The GreenScreen® for Safer Chemicals is a chemical screening method
designed to identify less hazardous chemicals. The GreenScreen is a
standardized hazard-based framework that is made up of 18 human
health and environmental fate and toxicity endpoints. A chemical is
screened for hazards for each of these 18 endpoints, and hazards are
classified for each endpoint (e.g., vL to vH or L to H, depending on endpoint). The combination of hazard classifications for different endpoints
translates into an overall GreenScreen® benchmark (BM) score, which
has a four-point scoring scale ranging from BM 1 to 4. BM 1 (AvoidChemical of High Concern) indicates that a chemical poses a high
hazard (e.g., CMR and/or PBT), while a BM 4 indicates a low hazard. A
BM score may decrease if a chemical transforms into a more hazardous
substance in the environment (classified as a BM 1TP), or if it is identified
on an authoritative list as a CMR/PBT (classified as an LT-1). By avoiding
chemicals with a BM 1/BM 1TP or LT-1 score, companies can formulate
products using inherently safer chemicals. The current research project
evaluated whether a large subset of 882 GreenScreened chemicals had
established Occupational Exposure Limits (OELs). An Occupational
Exposure Limit (OEL) is an upper limit of the acceptable concentration
of a hazardous substance in workplace air that will not result in adverse
health effects. Various authorities have established OELs, including US
Occupational Safety and Health Administration’s Permissible Exposure
Limits (OSHA PELs), the American Conference of Government Industrial
Hygienists’ Threshold Limit Values (ACGIH TLVs), and the National
Institute for Occupational Safety and Health’s Recommended Exposure
Limits (NIOSH RELs). Among the 882 GreenScreened chemicals, only
93, 67, and 94 chemicals have established OSHA PELs, ACGIH TLVs
and NIOSH RELs, respectively. Work is currently underway to evaluate
whether these 882 GreenScreened chemicals have established German
MAK or ECHA Derived No Effect Level (DNEL) values established. Of the
total 218 chemicals classified as either BM 1, BM 1TP or LT-1 chemicals,
OSHA PELs, ACGIH TLVs and NIOSH RELs were established for only 27,
24, and 27 chemicals, respectively. This analysis demonstrates that less
than 15% of the chemicals considered to be highly hazardous in the
dataset have published OELs, reinforcing the need to protect occupationally exposed workers.

2178 Development of a Prioritization Scheme for
Evaluating and Revising OSHA PELs

M. Jackson2, L. Fell2, and R. Lemus1. 1ATL, Cincinnati, OH; and
2Haley & Aldrich, Ann Arbor, MI.
The last significant effort by the US Occupational Safety and Health
Administration (OSHA) to update the Permissible Exposure Levels (PELs)
occurred over 25 years ago. Because many of the PELs have not been
updated despite the availability of new data, OSHA issued a request for
information regarding its current approach of managing chemical exposures in the workplace in October 2014, and considers the European
Union’s Regulation on the Registration, Evaluation, Authorization, and
Restriction of Chemicals (REACH) as one of the information sources
to use for occupational exposure assessments and the PELs update
process. Using a comparison of PELs to DNELs can provide OSHA with a
way to prioritize the evaluation of current PELs and whether they need
to be updated. In a previous evaluation, we compared Derived No Effect
Levels (DNELs) and PELs for several metals and volatile organic compounds (VOCs). Based on this evaluation, we found that for metals, 18%
of PELs were lower, 18% of PELs were the same, and 64% of the PELs
were higher than the respective DNELs, and for VOCs, 7% of PELs were
lower, 4% of the PELs were the same, and 89% of the PELs were higher
than the respective DNELs. For this current evaluation, we conducted a
more comprehensive evaluation of OSHA’s annotated PEL tables covering a range of chemical substances. Based on the differences found
between current PELs and available DNELs, we developed a potential
strategy that OSHA could use to update the PELs considering the magnitude of differences between the observed values as well as the critical
effects that are the basis for the values.

Carcinogen Policy on NIOSH Recommendations

C. Whittaker1, P. A. Schulte1, R. D. Daniels1, K. MacMahon1, T. J.
Lentz1, J. Piacentino2, and J. Howard2. 1CDC/NIOSH, Cincinnati, OH;
and 2CDC/NIOSH, Washington, DC.
NIOSH has published the Current Intelligence Bulletin: NIOSH Chemical
Carcinogen Policy to address three issues: carcinogen classification, how
NIOSH risk management limits are set and how information on the analytical limit of quantification (LOQ) is used in NIOSH recommendations.
The classification policy updates current practice to allow NIOSH to
adopt chemical carcinogen classifications from the National Toxicology
Program, the Environmental Protection Agency and the International
Agency for Research on Cancer. The risk management limit policy
updates the risk level at which NIOSH recommendations are set and
redefines NIOSH recommendations as risk management limits for carcinogens (RML-CA). Historically, NIOSH issued recommended exposure
limits (RELs) for carcinogens based on an excess risk of level of 1 in 1,000
in a working lifetime, while still acknowledging that there is no safe
level of exposure to carcinogens. Under a new policy, NIOSH may set
RML-CAs at the concentration corresponding to the 95% lower confidence limit of the 1 in 10,000 risk estimate, but only when occupational
measurement of the carcinogen at the RML-CA is analytically feasible.
To understand the impact of these potential changes on future NIOSH
recommendations, preliminary risk assessments were conducted on 20
chemicals with sufficient data for analysis but without a current numerical REL. The 95% confidence limits for the 1 in 10,000 risk level were
calculated and the result was compared with a 1 in 1000 risk level and
with the analytical LOQ. The LOQ for 50% of the chemicals analyzed was
greater than the lower 95% confidence limit on 1 in 10,000 risk. When
compared to the lower 95% confidence limit of 1 in 1000 risks for these
same chemicals, the LOQ was greater than the lower 95% confidence
limit only 30% of the time. Although this analysis represents a limited
sample size, it shows that a subset of NIOSH RML-CAs can be set based
on the analytical LOQ rather than the risk estimate. It is therefore critically important that the risks at the RML-CA are communicated to end
users. (The findings and conclusions in this presentation are those of the
authors and do not necessarily represent the views of the National Institute
for Occupational Safety and Health).

2180 Differences in SEND Dataset Creation: Analysis
of Current Situation and Points to Consider

G. Sato2,4,, Y. Sakakibara2,7,, A. Hamada2,6,, T. Uota2,1,, M. Yoshiike2,3,,
and Y. Fujimura2,5,. 1CAC Croit Corporation, Chuo-ku, Osaka, Japan;
2CDISC Japan User Group (CJUG) SEND Team, Minato-ku, Tokyo,
Japan; 3Daiichi Sankyo Co., Ltd., Shinagawa-ku, Tokyo, Japan;
4Eisai Co., Ltd., Tsukuba, Ibaraki, Japan; 5Fujitsu Systems East
Limited, Minato-ku, Tokyo, Japan; 6Japan Tobacco Inc., Chuoku, Tokyo, Japan; and 7Kyowa Hakko Kirin Co., Ltd., Sunto-gun,
Shizuoka, Japan.
When considering development of a new drug in the United States,
preparation of SEND package consisting of SEND Datasets, Define.xml,
and SDRG, will become a regulatory mandate for certain types of nonclinical toxicology studies starting from December 2016 for NDA/BLA
submissions. Although SEND is a CDISC Standard for nonclinical studies,
the actual SEND Datasets may differ among different facilities due to
different SEND file creation computer systems. There is, however, very
limited information available to understand details of such differences.
The CJUG SEND Team investigated the current situation of “differences” in SEND Datasets creation following IG Version 3.0, by collecting
examples of a number of facilities’ specifications (mapping details) on
an anonymous basis, categorized them, and summarized “Points to
Consider” when accommodating such differences in preparing SEND
package. Our preliminary analysis revealed that the differences could be
categorized into several levels, including how to describe a variable (e.g.
USUBJID: S12345-M001 vs. S12345_M001), whether to include a variable (i.e. many of Permissible variables), and whether to create a domain
(e.g. creation of CO domain). We assumed that these differences could
essentially come from different objectives of SEND Dataset creations,
such as maintaining integrity through a product when merging Datasets
from different facilities, data exchange among studies, products, and
organizations/different companies which may lead to a creation of big
database. [Abbreviations] BLA = Biologics License Application, CDISC
= Clinical Data Interchange Standards Consortium, CJUG = CDISC
Japan User Group, CO = Comments, IG = Implementation Guide, NDA
= New Drug Application, SDRG = Study Data Reviewer’s Guide, SEND =
Standard for Exchange of Nonclinical Data.

2181 Stepwise Screening Scheme for Identification of
Animal Testing Alternatives

R. A. Wess. Envigo CRS (Switzerland) Ltd., Füllinsdorf, Switzerland.
Sponsor: L. Coney.
When seeking for registration of a substance, GLP-guideline studies are
normally employed on the substance as test item to obtain the basis
for an assessment as required by the applicable guidance. Nonetheless
there could be other possibilities to reach a meaningful conclusion.
Furthermore a systematic evaluation assures avoidance of test artefacts,
which may not only produce unnecessary cost and animal consumption, but also the requirement to repeat a study. Generally the following
options should therefore be considered first. 1. Waiving an endpoint
- Not assessing on an endpoint information requirement A short-term
effect study may be unnecessary when long-term exposure results
exist. In such case the acute toxicity testing may be omitted. 2. Waiving
an experiment - Not testing for an endpoint information requirement
Apart from the three standard waiving arguments, i.e. • testing does
not appear scientifically necessary because existing (literature) data
suffice, • testing is technically not possible and • exposure based (below
adequate Threshold of Toxicological Concern), assessment of one endpoint by data from a different one can be possible: • Endpoint-Analogy
Read-Across: e.g. chronic fish toxicity from a carcinogenicity study
using fish (US NTP protocol) 3. Analogy approaches (equimolar basis)
Experimental evidence can be used from tests with surrogates or analogues: • Surrogates: Identical chemical species liberated (source chemical) withanalogue bioavailability due to degradation kinetics or dissociation ___o “Prodrug” target chemical forms source chemical as primary
degradant ___o “Converging pathway”degradation pathways of source
and target chemicals lead to formation of a common degradant known
to produce the effect ___o “Actual exposure”different but non-toxic
and thus irrelevant counterion after dissociation • Analogues: Identical
bioavailability after lipophilicity based correction ofanalogue chemical
species sharing a mode of action ___o One-to-one read-across from only
one chemical ___o Trend analysis (QSAR) within a larger group forming
a category 4. Mixture effect evaluation and calculationsIn a “prodrug”
case, if a substance is cleaved into two new substances whereof one
is suitable for read-across, both may contribute to the overall effect.
Also known impurities should be assessed using the appropriate model
(independent or combined action).

2182 Replacing Animals for Acute Systemic Toxicity
Testing: A US Strategy and Roadmap

A. Lowit5, C. Schlosser5, A. Myska1, G. Patlewicz4, M. Paris2, A.
Karmaus2, J. Strickland2, D. Allen2, N. Kleinstreuer3, and W.
Casey3. 1DOD/DTRA, Ft. Belvoir, VA; 2ILS, Research Triangle Park,
NC; 3NIEHS, Research Triangle Park, NC; 4US EPA, Research Triangle
Park, NC; and 5US EPA, Washington, DC.
ICCVAM is contributing to a US strategy and roadmap for implementing
21st century toxicity testing approaches by promoting alternative
approaches for acute systemic toxicity testing. Development and implementation of these approaches will involve four key steps: (1) defining
testing needs, (2) identifying available alternatives, (3) developing integrated approaches to testing and assessment (IATA), and (4) addressing
both scientific and non-scientific challenges. Each of these steps was
considered in a 2015 workshop (http://ntp.niehs.nih.gov/go/atwksp2015) which explored how to move alternative approaches for acute
systemic toxicity testing from research to regulatory testing. Our review
of US and international testing needs highlighted that, while there
are regional differences in specific testing requirements, all currently
accepted guidelines for these tests share core principles. These include
essential testing needs to be addressed by alternative approaches and
opportunities for existing information to enable waivers of required
testing. For example, guidance recently published by US EPA on waiving
the acute dermal toxicity test was based on a NICEATM analysis that
demonstrated how sufficient hazard labeling was obtained with acute
oral toxicity test information alone. While a variety of available alternative test methods can reliably identify potential cytotoxicants, none
can single-handedly assess the multiple mechanisms of acute systemic
toxicity following oral, dermal, or inhalation exposure. Accordingly, IATA
will need to be developed to address the breath of different mechanisms, ensure good coverage of the chemical landscape of interest and
leverage the collective strengths of the most promising test and nontest methods. Finally, to ensure that the scientific and non-scientific
considerations that could impede the adoption and implementation
of such approaches are addressed, input will be needed from industrial sectors, academic disciplines, federal agencies, stakeholder organizations, and international partners. (This project was funded in whole
or in part with Federal funds from the NIEHS, NIH under Contract No.
HHSN273201500010C. This abstract does not necessarily represent US EPA
policy).
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2179 The Potential Impact of the NIOSH Chemical

2183 Probing the Barriers and Drivers behind Toxicity

Testing Moved into the 21st Century: A Survey of
Professionals in the Field of Toxicology

V. Zaunbrecher, T. Malloy, and P. Allard. University of California Los
Angeles, Los Angeles, CA.
Approximately 10 years ago, a transformation of the field of Toxicology
was initiated by governmental agencies, academic and industry partners embedded in the paradigm of the Toxicity in the 21st Century
concept. We developed and applied a survey of over one thousand toxicology professionals to examine the use, perceived barriers and drivers
to adoption of novel toxicity approaches. By using a combination of
ranking, hierarchical clustering and correlation analyses of the survey
data, we found that a significant proportion of toxicologists believed
these approaches are already viable for most applications. However,
the range of acceptance differed widely across the different approaches
and particular applications (25.5-86.4%) and the number of respondents
actually using the approaches were much lower. Leading barriers to
acceptance were concern about regulatory acceptance, followed by a
range of technical concerns. By contrast, the top perceived drivers to
implementation–the need for expedited information, reduced costs,
and regulatory demand–were more uniformly distributed across the
groups analyzed. We demonstrate that the transformation of the field of
toxicology is partly implemented, but significant work remains to overcome the remaining barriers that we identified.

2184 Pitfalls in Law-Abiding Long-Term Fish Toxicity

and Packaging (CLP) of Substances and Mixtures and the 2015 Guidance
on the Application of the CLP Criteria. For derivation of an inhalation
LC50 from the oral LD50 in rats, the general CLP guidance formula is
described as: “incorporated dose = concentration X respiratory volume
X exposure time”, assuming a respiratory volume of 0.20 l/min for a 250
gram rat, a 100% respiratory absorption amount and 100% respiratory
deposition rate. The resulting final formula is: 1 mg/kg bw = 0.0052
mg/l/4 hour in rats. This extrapolation method was employed to determine the acute inhalation toxicity value for 2-Imidazolidinone (CAS 12093-4), using a reported, experimental oral LD50 value of greater than
5010 mg/kg in rats with no associated mortality. Using this oral LD50,
the acute inhalation toxicity value was derived with the CLP extrapolation formula, resulting in an estimated LC50 of 26.052 mg/l for a 4-hour
period. This estimated LC50 value does not meet the criteria for classification as acutely toxic by inhalation and indicates a lack of toxicity
by inhalation. Known acute oral and inhalation toxicity data for lithium
hydroxide (CAS 1310-65-2) was then used to examine the validity of
this approach; the reported oral LD50 of 210 mg/kg in rats resulted in
a calculated LC50=1.092 mg/l for 4 hours as compared to the measured
LC50 of 0.96 mg/l for 4 hours. In summary, this approach allows for
determination of acute toxicity estimates for various routes of exposure
using available information, thereby reducing the reliance upon animal
testing. It should be noted, however, that expert judgment is required
to evaluate a total weight of evidence approach to ensure the relevance
and validity of the data used and that testing for a specific route of exposure may be necessary as per legal requirements.

2186 Withdrawn by Author

Testing Instead of Short-Term to Reduce Animal
Consumption

R. A. Wess. Envigo CRS (Switzerland) Ltd., Füllinsdorf, Switzerland.
Sponsor: L. Coney.
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With respect to animal welfare the legal text of REACH Regulation (EC)
No 1907/2006 states in Annex VIII, whose requirements must be submitted with the dossier at the respective dead line, (Table, 9.1.3, column
1): “Short-term toxicity testing on fish: the registrant may consider longterm toxicity testing instead of short-term.” This is based on the consideration that the short-term test can be omitted if long-term data are
generated directly (without a previous short-term study), thus using less
fish. On the other hand the long-term fish study is an Annex IX endpoint
for which it is generally mandatory to submit a testing proposal before
conducting a study. In consequence it is possible that no fish toxicity
data would be available in the submitted dossier thus making it incomplete. In result the choice when following the column 1 recommendation would be to select between non-compliance with regard to data
completeness (lack of fish data) or with regard to the duty to follow the
test-proposal procedure. Another conflict in fish long-term testing exists
in the registration of Medicinal Products for Human use (MPH). A longterm fish early-life stage test is part of the aquatic base set requirements,
which has to be conducted if the maximum daily dose (DOSEai) exceeds
the action limit of 2 mg/patient and day, but the DOSEai may still be
reconsidered until final submission. Independent from DOSEai, an
assessment for Persistence, Bioaccumulation and Toxicity (PBT assessment) potentially including fish toxicity testing is nonetheless triggered
for substances whose lipophilicity exceeds a Log Kow of 4.5. In this PBT
assessment the employment of an alternative test for acute fish toxicity
is prescribed. When the substance is found not PBT/vPvB or if the risk
characterisation ratio is <1, a long-term fish test must not be performed.
The poster presents the details of these regulatory dilemmas. It is considered for guidance purposes only and should not be regarded either
as a personal or company recommendation or a substitute for taking
legal or other professional advice.

2185 Use of Extrapolation Techniques to Determine
Acute Toxicity Estimates Based on Data from
Other Routes of Exposure

A. T. Black3, H. Plugge1, and M. Jaroszewski2. 13E Company,
Bethesda, MD; 23E Company, Copenhagen, Denmark; and 33E
Company, Warrenton, VA.
The reduction or replacement of animal testing requirements as a part
of regulatory compliance is currently a focus for many national regulatory authorities. An example of this approach is use of extrapolation
methodology to derive an acute toxicity value from one route of exposure to another. In this way, missing experimental data may be generated to satisfy hazard classification and regulatory requirements by
using data that is already available, thereby eliminating the need for
additional animal testing. The appropriate extrapolation methods are
described in Regulation (EC) No 1272/2008 on Classification, Labelling

2187 Short-Term Exposure Assumptions in Drinking
Water Risk Assessment: Impact of Life-Stage
Exposure and Intake Rates

V. Bhat, A. Phelka, and C. English. NSF International, Ann Arbor,
MI.
Acceptable short-term (up to 14 days) exposure levels (STELs) for
non-genotoxic drinking water contaminants have historically been
based on US EPA methodology for short-term health advisories and
derived from the lowest, relevant point-of-departure (POD) from shortterm exposures assuming a 10 kg one-year old toddler consumes 1 L
of water/day (i.e., 0.1 L/kg-day). Currently, US EPA short-term (≤10 day)
health advisories are based on 0.15 L/kg-day, representing the normalized water intake rate across the first year of life at the 90th percentile.
Recent exposure data (US EPA, Exposure Factors Handbook, 2011) indicate that the bottle-fed infant has the highest water intake rate, 0.228
L/kg-day (90th percentile), relative to other life-stages through adulthood. The most sensitive adverse effect related to in utero or neonatal
exposures may not be the most sensitive effect overall (i.e., the lowest
POD) serving as the STEL basis. However, STELs calculated using a fetal/
neonatal endpoint and the intake rate of the bottle-fed infant may result
in a lower STEL than that derived for a toddler. The present analysis compared STEL derivations based on various health effects and water intake
rates including (A) the overall lowest POD and toddler intake of 0.1 L/
kg-day, (B) a fetal/neonatal POD and bottle-fed infant intake of 0.228
L/kg-day, (C) an in utero POD and pregnant woman intake of 0.043 L/
kg-day, (D) the overall lowest POD and bottle-fed infant intake, and (E)
the overall lowest POD and 0.15 L/kg-day intake (90th percentile firstyear intake). STELs calculated using the most conservative assumptions
consisting of the life stage with the highest water intake rate and lowest
overall POD (Scenario D) ranged from 2-3-fold lower compared to STELs
based on the present methodology using toddler intake rates (Scenario
A). A range of STELs, both higher and lower than present methodology
was obtained when a fetal/neonatal or in utero POD was used (Scenarios
B and C, respectively). The results are compared to methodology currently applied by the US EPA and Minnesota Department of Health who
also derive STELs for drinking water.

Talk between Antigen-Presenting Cells and
Epithelial Cells In Vitro

M. T. Schellenberger3, S. Cambier2, J. Hennen3, T. Serchi2, V.
Benes1, A. Gutleb2, and B. Blömeke3. 1EMBL, Heidelberg, Germany;
2Luxembourg Institute of Science and Technology (LIST), Esch-surAlzette, Luxembourg; and 3University of Trier, Trier, Germany.
We established a coculture assay (COCAT) for the in vitro prediction of
sensitizing chemicals composed of THP-1 cells, as model for dendritic
cells and HaCaT keratinocytes. We have already reported that cross talk
between HaCaT keratinocytes and THP-1 cells enhanced CYP1 enzyme
activity in HaCaT cells exposed to the strong sensitizer benzo[a]pyrene
(B[a]P) and eugenol. Furthermore, coculture clearly increased the upregulation of the cell surface molecule CD86 and CD54 on THP-1 cells after
incubation with these prohapten and other skin sensitizers compared
to THP-1 monoculture. In this study, we further elucidate the cross talk
in our coculture assay analyzing the gene expression of THP-1 cells
using next generation sequencing (NGS). Therefore, THP-1 cells were
cocultured with HaCaT keratinocytes in the presence of DMSO, a widely
used solvent for chemicals used in sensitization assays. After coculture,
THP-1 cells were harvested and cells were analyzed by NGS and gene
expression was compared to monocultured THP-1 cells. We identified
585 genes differentially expressed in cocultured THP-1 cells compared
to monocultured THP-1 cells. Gene ontology enrichment analysis
showed genes are involved in GM-CSF-, IL-3-, IL-5- mediated signaling,
β1-integrin cell surface interactions and INF-γ pathway. Up to now it is
not clear whether the cross talk between HaCaT and THP-1 cells comprises the exchange of mRNA between the cocultured cells or whether
it influences the gene expression in THP-1 cells, or both. These results
strengthen the hypothesis that cross talk is taking place between the
two cell lines and may help to improve in vitro prediction of sensitizing
potential and potency of chemicals.

2189 Mechanisms Underlying Anti-Inflammatory

Effects Modulated by FAAH in Vesicant Toxicity
in Mouse Keratinocytes

H. D. Kim1, G. M. Composto2, L. B. Joseph2, K. Singh1, J. D. Laskin2,
and D. E. Heck1. 1New York Medical College, Valhalla, NY; and
2Rutgers University, Piscataway, NJ.
Vesicants including sulfur mustard (SM, bis (2-chloroethyl) sulfide) and
nitrogen mustard (NM, bis (2-chloroethyl) methylamine) are highly reactive bifunctional alkylating agents that target the skin. In humans and
rodents, vesicants initially induce skin injury that is associated with an
early inflammatory response; depending on the dose and time following
exposure, tissue damage and blistering can ensue. Both SM and NM
have been reported to modify many cellular components including proteins, lipids and nucleic acids; they can also stimulate tissue production
of cytokines, growth factors and proinflammatory mediators including
fatty acid metabolites. Regulation of pain and inflammation by endogenous and exogenous cannabinoids targets G-protein-coupled cannabinoid receptors. In this system activator release is mediated by cannabinoid receptor type 1 (CB1) activity. To examine mechanisms underlying
mustard-induced effects on this pathway we analyzed responses modulated by URB-597, a potent inhibitor of the principal enzyme regulating cellular levels of endocannabinoids, fatty acid amide hydrolase
(FAAH), on the expression of CB-1 receptors and subsequent oxidant
responses in mouse keratinocytes. We observed marked upregulation of
CB-1 receptor expression in PAM 212 murine keratinocytes in the presence of URB-597 following nitrogen mustard treatment. Similar effects
were observed for heme oxygenase 1, PPAR-gamma, the anti-inflammatory interleukins IL-10, IL-8 and hormone-sensitive lipase expression.
In these experiments little or no response was observed in expression
levels of peroxisomal acyl-coenzyme A oxidase 1 (ACOX1), PPAR-alpha,
BOX or Fas, under similar conditions. Taken together these data indicate
that exposure to nitrogen mustard in the presence of an FAAH inhibitor regulates antioxidant responses mediated by the CB-1 receptor.
We speculate that inhibitors of FAAH may be effective in limiting vesicant-mediated injury. (Supported by NIH/NIEHS grant U54AR055073 and
T32ES007148)

2190 The Effects of Cleaning Solvent or

Tetrachloroethylene on the Viability and the
Gene Expressions of Inflammatory Cytokines in
the Hacat Cells

M. Tsunoda, C. Sugara, and Y. Sugiura. Kitasato University School
of Medicine, Sagamihara, Kanagawa, Japan.
Cleaning petroleum solvent has been mainly used for dry cleaning. It has
been considered as relatively safe compared with tetrachloroethylene,
which induces inflammation. There are few reports about the health
effects of cleaning solvent. In a case report, remained cleaning solvent
on the shirt was considered as cause of contact dermatitis. The toxic
effects of cleaning solvent or tetrachloroethylene on the skin have not
been fully elucidated. Lately, a human keratinocyte cell line, HaCaT has
been focused as an in vitro model for human skin. In the current study,
the effects of cleaning solvent or tetrachloroethylene on the viability
of HaCaT cells and the mRNA expressions of inflammatory cytokines,
interleukin-1β (IL-1β), IL-6 and IL-33 in HaCaT cells were evaluated to
elucidate the toxic effects of cleaning solvent or tetrachloroethylene on
skin. HaCaT cells were exposed to cleaning solvent in 24-well cell culture
plates or tetrachloroethylene in glass apparatus at 0 to 500 μg/ml. The
cell viabilities at 24 hours after the exposures were evaluated. The cells
were also exposed to cleaning solvent at 0, 12.5 and 25 μg/ml or tetrachloroethylene at 0, 25 and 50 μg/ml in 12-well cell culture plates,
and counted the number of living cells at 1 week-incubation. For the
analyses of the mRNA expressions of IL-1β, IL-6 and IL-33 in the cells, the
cells were exposed to at 0 to 500 ug/ml, and RNA from each sample was
extracted at 6 hours after the exposure and the mRNA expressions were
evaluated by real-time PCR. The mean values of the cell viabilities were
significantly lower in the cells exposed to cleaning solvent at 100 μg/ml
and over or tetrachloroethylene at 500 μg/ml compared with those of
the controls. The mean value of number of cells were significantly lower
in the cells exposed to cleaning solvent at 25 μg/ml or tetrachloroethylene at 50 μg/ml for 1 week compared to those of the control. There
were no significant differences for the mean values of the mRNA expressions of .IL-1β, IL-6 or IL-33 among the cells exposed cleaning solvent or
tetrachloroethylene. It is suggested that these solvents affect the cell
viability of keratinocytes but do not induce increases mRNA expressions
of inflammatory cytokines in keratinocytes.

2191 The Topical OTC Antimicrobial Zinc Pyrithione

Suppresses Solar UV-Induced Carcinogenesis via
Zinc-Based Metal and Redox Stress Responses in
SKH-1 Mouse Epidermis

R. Justiniano, J. Perer, S. Park, A. Hua, and G. T. Wondrak. University
of Arizona, Tucson, AZ.
Zinc (Zn) is an important second messenger regulating cell function and
survival, and Zn overload that compromises intracellular metal homeostasis has been shown to have cytotoxic effects. Here, we present experimental evidence that the ionophore zinc pyrithione (ZnPT), an US FDAapproved over-the-counter (OTC) topical antimicrobial agent, targets
human malignant keratinocytes SCC-25 squamous cell carcinoma cells
and locally invasive human HaCaT-ras (II-4) cells through therapeutic
induction of Zn overload. Moreover, we show that topical ZnPT suppresses solar radiation-induced tumorigenic progression in a murine
photo-carcinogenesis model. In both cell models of nonmelanoma skin
cancer (NMSC), ZnPT (10 μM) triggered rapid dysregulation of intracellular Zn homeostasis (FluoZin-3 and Zinquin-based fluorescence microscopy). Zn overload was followed by induction of intracellular oxidative
stress, originating from mitochondrial superoxide radical anion release
(MitoSOX Red fluorescence microscopy). Remarkably, pronounced
induction of cell death was observed in ZnPT-treated cells (annexinV-PI
flow cytometry). Consistent with Zn-dependent cytotoxicity, ZnPTinduced cell death was antagonized by DTPA-based Zn ion chelation
and mimicked by the treatment of the ionophore pyrithione and Zn
acetate. Gene expression analysis revealed that ZnPT exposure induced
rapid mRNA upregulation of metal (MT2A), proteotoxic (HSPA6, HSPA1A),
redox (HMOX1), and ER (DDIT3) stress response gene expression confirmed by immunoblot analysis. In a subsequent SKH-1 hairless murine
UVB photo-carcinogenesis model, topical ZnPT (1%) significantly suppressed tumorigenic progression by more than 65% (reducing tumor
multiplicity and volume). Taken together, our data demonstrate that
ZnPT displays pronounced cytotoxic activity in malignant keratinocytes
and suppressive effects in a UV-induced carcinogenesis mouse model,
suggesting a potential use as a metal-based experimental therapeutic
targeting early stages of skin tumorgenesis.
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2188 Gene Expression Analysis to Elucidate the Cross-

2192 Alternariol Induces Keratinocytes Proliferation
and Inflammation in Mouse Skin via Activation
of PGE2/EP2/p-CREB Signaling Pathways

M. Bansal2,1,, N. Singh2,1,, S. Pal2,1,, and K. M. Ansari2. 1Academy of
Scientific and Innovative Research (AcSIR), Chennai, India; and
2Indian Institute of Toxicology Research, Lucknow, India.
Alternariol (AOH), a secondary fungal metabolite of Alternaria spp., is a
worldwide natural contaminant of various food commodities viz. fruit
juices, vegetable oils, nuts and grains. Since humans may get exposed
to mycotoxins through skin contact, WHO has highlighted the need for
toxicological studies after dermal route exposure. Moreover, in developing countries like India where manual labor is employed during preand post-harvest stages of agriculture, there is probable risk of dermal
exposure. Although, few in vitro studies suggested that AOH exposure
cause cytotoxicity, mutagenicity and oxidative DNA damage in mammalian cells but to best of our knowledge dermal toxic potential of AOH
has not been reported so far. In this study, dermal toxicity of AOH and
mechanism/s involved therein has been revealed. Under in vitro conditions, exposure of AOH (50, 100, 250 and 500 nM) to primary mouse
keratinocytes (PMKs) caused (1) increase expression of COX-2, cyclin D1
and EP2 receptor (2) translocation of p-CREB to nucleus (3) and using
specific antagonist or agonist of prostaglandin E2 (PGE2) receptors,
demonstrated that EP2 receptor play a key role in AOH-induced PMKs
proliferation. Next, we elucidated the physiological relevance of in vitro
findings using Swiss albino mouse as animal model. To study the dermal
penetration ability, mice were topically exposed with AOH for different
time points and level of AOH was estimated through HPLC. Higher AOH
concentration in skin cell lysate and plasma of treated mice suggested
that single topical application of AOH can lead to significant penetration. Subsequently, we found that single topical application of different
doses of AOH (12.5 μg/animal, 25 μg/animal and 50 μg/animal) caused
increased bi-fold thickness, hyperplasia, higher production of PGE2 and
cAMP levels. Further, western blot analysis suggest that exposure of
AOH to mouse skin translocate p-CREB to the nucleus and increases the
expression of COX-2, cyclin D1 and EP2 receptor. Thus, collectively, our
in vitro and in vivo findings suggest that AOH can cross the intact mouse
skin and cause inflammation by increasing the production of PGE2 and
activation of EP2/ cAMP/p-CREB signaling cascade.
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Cells Treated with HDI Monomer and HDI
Isocyanurate

L. Nylander-French, J. C. Boyer, K. Phillips, L. Taylor, and R.
Vaughan. University of North Carolina at Chapel Hill, Chapel Hill,
NC.
The monomer and oligomer, 1,6 hexamethylene diisocyanate (HDI) and
HDI isocyanurate, respectively, are components in sprayed polyurethane
coatings. Exposure via the lungs and skin can lead to sensitization and
chemically induced asthma. Much research has focused on effects of
exposure on respiratory and immune cells. Here we are focusing on the
effect of diisocyanate on skin cells. Using the luminescent ATP-viability
assay (CellTiter-Glo, Promega), we have studied the effect of a 4-hour
exposure to HDI monomer or HDI isocyanurate on the viability of three
types of cultured primary human skins cells (fibroblasts, keratinocytes,
and melanocytes) from several individuals to determine inter-individual
variation and cell-type specific toxicity. LC50‘s (50% lethal concentration)
of HDI- and isocyanurate-treated cells in basal culture medium range
from 30-2000 µM for the HDI monomer and 5-20 µM for the oligomer.
Similarly, published IC20 (20% inhibitory concentration) data using HDItreated respiratory and immune cancer cells lines range from 40-500
µM. HDI isocyanurate may be more toxic than the HDI monomer due
to its extra reactive NCO group. HDI isocyanurate has been shown to
possess a greater sensitizing capacity than HDI monomer. Further, HDI
isocyanurate penetrates the skin faster than HDI monomer. Our dose/
response data obtained with primary human cell cultures indicate that
skin cell sensitivity to death by HDI varies among individuals and cell
types. Melanocytes were about 5 times more sensitive to HDI than keratinocytes and fibroblasts, and fibroblasts were about 2 times more sensitive to isocyanurate toxicity than keratinocytes. We also used a cytotoxicity assay (CellTox Green, Promega) to determine the cause of cell
death. Rapid cell death within one hour of exposure to either compound
is consistent with death by necrosis. This was verified by an apoptosis
assay measuring caspase 3/7 activity (ApoTox Glo, Promega). We have
also observed a hormesis effect at very low doses in some individuals.
Our data will aid understanding of individual sensitivity to diisocyanate
exposure as well as the relative risk associated with different diisocyanate forms.

2194 Absolute Quantification of Topical Drug Delivery
by MALDI Imaging Mass Spectrometry Using the
Mimetic Tissue Model

F. Xie, R. Groseclose, and S. Castellino. GlaxoSmithKline, King of
Prussia, PA. Sponsor: X. Ding.
Topical administration represents an important route of drug delivery
to dermal targets. The ideal scenario is to have formulated active pharmaceutical ingredient penetrate the skin to the appropriate depth and
deliver an efficacious dose at the desired target while minimizing systemic exposure and avoiding off-target pharmacology. Therefore, quantification of the drug distribution in skin after topical application is critical
to accurately determine drug pharmacokinetics and design the appropriate dosing regimen for optimal efficacy. Matrix-assisted laser desorption/ionization (MALDI) imaging mass spectrometry (IMS) has been well
recognized to be advantageous for determining molecular distributions
in thin tissue sections without the need for labeling. However, absolute
quantification by MALDI IMS has remained challenging. Our group has
developed a method based on a mimetic tissue model for quantification of drug distributions by MALDI IMS. We have applied this approach
to quantify drug distributions in minipig skin after topical application.
Our results demonstrated that in addition to mapping the drug distribution to histological structures in the skin, localized quantification was
obtained for specific regions of interest within the tissue. The average
concentrations from MALDI IMS quantification were consistent with
the LC-MS measurements of comparable samples, with a relative error
of less than 20%. Quantifications of adjacent sections under different
spatial resolutions were also highly consistent. Notably, our MALDI IMS
data provided drug concentrations in specific tissue structures, such as
hair follicles, which can be 30-fold higher than the average skin concentrations. The absolute drug amount in these tissue structures can be calculated based on the localized intensity profiles in specific image pixels.
Quantitative concentration-depth profiles are also generated to facilitate understanding of drug absorption and penetration after topical
administration. In conclusion, we demonstrated the capability of MALDI
IMS to achieve absolute quantification of drug distribution in skin tissue
after topical administration, which can fulfill the prerequisites of physiologically based pharmacokinetic (PBPK) modeling.

2195 Optimization of the Direct Peptide Reactivity
Assay (DPRA) for Poorly Soluble Substances

J. C. Rijk1, C. W. de Groot1, A. P. van Helvoirt1, E. J. van de Waart1,
and J.-C. Carrillo2. 1Charles River Laboratories Den Bosch B.V.,
‘s-Hertogenbosch, Netherlands; and 2Shell International B.V., The
Hague, Netherlands. Sponsor: H. Emmen.
Assessment of the skin sensitization potential represents an important
component of the safety assessment of chemicals used in consumer
products. The Direct Peptide Reactivity Assay (DPRA) addresses the
molecular initiating event of the skin sensitization Adverse Outcome
Pathway (AOP), i.e. the covalent binding of electrophilic chemicals to
nucleophilic centers in skin proteins. To quantify the reactivity of chemicals, model synthetic peptides containing cysteine (SPCC) or lysine
(SPCL) are incubated with test chemical at a 1:10 and 1:50 ratio, respectively. After incubation, peptide depletion is determined and used in a
prediction model to categorize the test chemical in one of four classes
of reactivity to support discrimination between sensitizers and non-sensitizers. However, when testing chemicals that show poor aqueous solubility, it is uncertain how much of the test chemical is in solution to
react with the peptide, and peptide depletion may be underestimated.
In such a case a positive result can still be used, but a negative result is
unreliable since a false negative result cannot be excluded. To prevent
false negative results, we investigated the feasibility of applying surfactants in the DPRA incubation procedure to improve test chemical
solubility. We investigated the effects of various non-ionic surfactants
on SPCC and SPCL reactivity, to exclude effects on the DPRA test system.
Surfactants that did not affect peptide depletion were co-incubated
with 10 chemicals that have a known DPRA outcome and that were
recommended for demonstrating technical proficiency in the OECD TG
442C for the DPRA. As proof of principle, several poorly soluble chemicals (log Kow >3.5) that were positive in the Local Lymph Node Assay
(LLNA) and were suspected to be false negatives in the DPRA, were
tested in the presence of surfactant. The outcomes for the 10 proficiency
substances were comparable to the DPRA outcomes obtained without
surfactant, demonstrating compatibility with the DPRA. The surfactants
were able to solubilize chemicals with a log Kow >3.5, and therefore can
support evidence of a true negative outcome or prevent false negative
results in the DPRA.

Penetration Lag Time of Organic Solvents

2198 BPX-01 Toxicological Evaluation of 1% Topical
Minocycline Gel

L. Schenk, and G. Johanson. Karolinska Institutet, Stockholm,
Sweden.

M. Hermsmeier, D. Lac, T. Sawant, X. Chen, S. Y. Huang, K. Chan, and
U. Nagavarapu. BioPharmX, Inc., Menlo Park, CA.

The lag time describes the delay between dermal exposure and systemic absorption. Some previous research has indicated that lag time
increases with increasing molecular size. Further, dermal penetration
parameters have been shown to vary widely between chemicals as
well as within the chemical between different exposure scenarios. The
aim of the present study was to determine dermal penetration and
lag time for 39 occupationally used organic solvents (MW 32 to 132 g/
mol) employing the same experimental set-up, namely static diffusion
cells, split-thickness porcine skin, and 6% PEG-20 in phosphate buffered
physiological saline as receptor medium. Each experiment ran for 6h
and was repeated 4-6 times with skin from different donors (new-born
piglets). For 31 of these, both neat chemicals and water dilutions were
tested. Dilutions tested depended on water solubility of the solvent and
were 10% (n=16) 1% (n=11), 0.5% (n=1) or 0.1% (n=3). Cyclohexane
(165 min neat and 205 min in 0.1% dilution) and ethylbenzene (149
min, neat only) had significantly longer lag times than the other solvents whose lag times ranged from 12 min (methyl acrylate, neat) to
90 min (styrene, neat). In the present study we found a weak positive
correlation between molecular weight and lag time for the neat solvents (r2 = 0.16 with the two outliers removed, p=0.01). The lag time for
the 10% and 1% dilutions correlated slightly better with the molecular
weight but explained variability was still low (r2 = 0.33, p=0.02 and r2 =
0.30, p=0.08, respectively). Hence, water dilution seemed to influence
the lag time, although this influence varied between chemicals. The
largest differences were found for 2-propanol (18 min neat and 61 min
in 10% dilution) and methanol (40 min neat and 23 min in 10% dilution).
Neat solutions generally had a shorter lag time than the corresponding
diluted mixture (paired t-test p=0.004), this was the case for or 22 of the
31 chemicals tested both in neat and dilution. The nine exceptions were
spread across the 0.1% to 10% dilutions. We conclude that molecular
weight is a poor predictor for lag time of organic solvents, in particular
for neat solvent. Further, the present study adds to the body of evidence
showing that water dilution influences permeation parameters and that
this influence varies between chemicals.

BPX-01, 1% minocycline gel, is a novel topical formulation for treatment
of non-nodular inflammatory acne vulgaris in patients with moderate
to severe disease. In this formulation, minocycline is fully solubilized
in hydrophilic, non-oily and easy-to-use composition. Previous in vitro
and in vivo studies demonstrated that a low-dose, topical 1% minocycline gel provided a localized and targeted delivery of minocycline to
the epidermis and pilosebaceous units at efficacious units at efficacious
levels. In addition, 28-day dose response studies performed in rats and
minipigs supported dermal administration of 1% minocycline gel at 2.5
mg/cm2/day, without any significant local or systemic toxicity effects.
Potential toxicity of BPX-01 was further evaluated in a 13-week toxicokinetic (TK) study in minipigs . Göttingen minipigs were treated with
dermal application of BPX-01 1%, and 4% (at 10 mg, 50 mg and 100
mg of the active ingredient) and vehicle to approximately 15% of the
total body surface area. The parameters assessed included mortality,
clinical signs, body weight, food consumption, ophthalmoscopy, clinical pathology, and post-mortem examination. The plasma concentration of minocycline was measured on Day 1 and Day 90 (end of study).
TK parameters such as Cmax and AUC were determined for each study
group. A recovery study was also performed for the vehicle group and
high dose, 4% minocycline group. The results indicated topical administration of BPX-01 once daily for 13 weeks was well tolerated in minipigs
at three different application doses (2.5, 3.125 and 6.25 mg/cm2/day),
with 1% and 4% topical minocycline gel. No target organ effects were
observed in gross pathology and histopathology findings. Our findings
suggest that BPX-01 provides a promising tool in topical acne therapy.
The lack of minocycline in the minipig plasma is expected to mitigate
many of the side effects commonly seen with oral minocycline. A phase
2b clinical study is currently underway to establish the safety and efficacy of BPX-01.

2197 Evaluation of the Effect of Occlusion on

the Absorption of the Reference Test Item,
[14C]-Testosterone, Applied to Human Skin In
Vitro

C. S. Roper, S. Craig, and F. Toner. Charles River Laboratories,
Tranent, United Kingdom. Sponsor: S. Bulera.
OECD Guidance Document No. 281, governing skin absorption studies,
states that normal exposure conditions should be mimicked and that
the surface of the skin may be unoccluded, semi-occluded or occluded.
It also states that volatile test items should be “trapped” in order to
achieve suitable mass balance. Therefore, a study was conducted in
order to evaluate the effect of occlusion on absorption of the reference
item, [14C]-Testosterone, through human skin in vitro. Split-thickness
human skin membranes were mounted into static diffusion cells (0.64
cm2). [14C]-Testosterone was incorporated into an ethanol:water test
preparation (4 mg/mL; 1:1, v/v) and applied (10 µL/cm2) to 16 human
split thickness skin membranes mounted into static diffusion cells in
vitro. Eight samples were occluded with traps containing carbon filters
and another 8 samples were left open to the atmosphere. Percutaneous
absorption was assessed by collecting receptor fluid at 1, 2, 4, 8, 12 and
24 h postdose. At 24 h postdose, the occlusive traps (where applicable)
were removed and the exposure terminated by washing the skin. The
stratum corneum was removed by tape stripping. All samples were analysed by liquid scintillation counting. Under unoccluded conditions,
the mass balance, total dislodgeable dose, unabsorbed dose, absorbed
dose and dermal delivery were 40.00, 32.02, 36.68, 1.59 and 3.32 µg
equiv./cm2, respectively. Under occluded conditions, the mass balance,
total dislodgeable dose, unabsorbed dose, absorbed dose and dermal
delivery were 40.22, 32.37, 33.89, 4.84 and 6.33 µg equiv./cm2, respectively. Occlusion did not affect the total dislodgeable dose or mass
balance. However, the absorbed dose and dermal delivery increased
3-fold and 1.9-fold with occlusion, respectively. In parallel, the unabsorbed dose decreased with occlusion. In conclusion, when occlusion
is a realistic operator exposure, occluded skin must be tested in order
to gain realistic absorption data. However, when occlusion is used to
maintain a suitable mass balance (e.g. for volatile test items) only (i.e.
not representative of a realistic exposure), occlusion will provide an over
prediction of absorption which will adversely affect a risk assessment.
1OECD Environmental Health and Safety Publications Series on Testing
and Assessment No. 28. Guidance Document for the Conduct of Skin
Absorption Studies (2004).

2199 Evaluating a Novel Oxygenating Therapeutic for
Its Potential Use in the Advancement of Wound
Healing

J. E. Gueldner, F. Zhang, B. Zechmann, and E. Bruce. Baylor
University, Waco, TX.
Non-gaseous oxygen therapeutics are emerging technologies that aim
to sidestep the undesirable effects seen in traditional oxygen therapies,
while enhancing tissue and wound regeneration. Using a novel oxygenating therapeutic (Ox66) several in vitro models including fibroblast and
keratinocyte monocultures were evaluated for potential drug toxicity,
the ability of cells to recover after injury, and cell migration after scratch
assay. In both cell lines, there was no significant cytotoxicity found after
treatment. Similarly, after DMSO-induced injury, the health parameters of treated cells were improved when compared to their untreated
counterparts. Particles were characterized using SEM and EDS both
individually and in conjunction with fibroblast growth. The data in this
study showed that the novel wound healing therapeutic has potential in
advancing the treatment of various types of acute and chronic wounds.

2200 Stepwise Testing of Potentially Phototoxic
Fragrance Materials

G. Ritacco, and A. M. Api. Research Institute for Fragrance
Materials, Woodcliff Lake, NJ.
A group of eight fragrance materials demonstrated significant UV/Vis
absorbance (molar extinction coefficient (MEC) > 1000 L ∙ mol-1 ∙ cm-1),
indicating the potential for photoactivation and possible phototoxic
effects (Henry et al., 2009). Further testing was conducted to assess
the phototoxic potential of the materials. 3T3-Neutral Red Uptake
Phototoxicity assays (OECD 432) were conducted. Briefly, Balb/c 3T3
Mouse Fibroblasts were exposed to serial dilutions of the test materials;
phototoxic and cytotoxic potential were measured by the test material induced inhibition of neutral red uptake in the cultures in the presence and absence of UVA exposure. All of the materials were predicted
to have phototoxic potential (mean photo effect (MPE) > 0.1, and/or
photo-irritation factor (PIF) ≥ 5). Follow-up testing was performed. The
materials were evaluated in human keratinocytes using the EpiDerm
Skin Model (MatTek Corporation) in the presence or absence of UVA/
visible light. These assays included a negative control, solvent control,
and a positive control (chlorpromazine). Each material was tested at
3 concentrations chosen on the basis of maximum concentration in
hydroalcoholic consumer products. The tissues were subjected to UVA
for 60 ± 2 minutes (6 J/cm2). For any dose, if the test material induced
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2196 Effect of Water Dilution on In Vitro Dermal

a 30% decrease in viability, as measured by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) reduction, in the presence
of UVA compared to viability in the absence of UVA, the material was
considered phototoxic. Human phototoxicity studies were conducted
to confirm no-effect levels for phototoxicity. The studies conducted
demonstrate a stepwise method to assess phototoxic potential of raw
materials and ultimately arrive at a no-effect level for phototoxicity.
Furthermore, the data indicate better concordance between the 3D
skin phototoxicity assay and human phototoxicity studies than the 3T3
Neutral Red Uptake Phototoxicity assay.

2201 Considering Nickel and Trivalent Chromium
Thresholds for Skin Sensitization

T. A. Lewandowski2, and J. M. Cohen1. 1Gradient, Cambridge, MA;
and 2Gradient, Seattle, WA.
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Currently available animal models for skin sensitization (the local lymph
node assay, guinea pig maximization test, Buehler assay, etc.) do not reliably predict sensitization risk for metals some of which are highly potent
sensitizers.. Most studies to date involve human patch testing and focus
on elicitation rather than induction. European Standard EN 1811 for Ni
establishes a limit for skin contact articles of 0.5 μg/cm2/week. While
based on human data, the implications of this value for human health
risk have been described only qualitatively (“rare”). To further evaluate
the appropriateness of this exposure limit, we investigated dose-response data reported for sensitization elicitation in humans in the
available literature. We pooled the dose response data in Ni-sensitive
subjects exposed to a range of doses reported from 8 different studies
(n=211). Based on the best fit curve for the pooled dose response data,
we estimate a sensitization rate of 6% associated with exposure at the
current EN 1811 limit of 0.5 μg/cm2/wk. This value is consistent with
the typical value used as a threshold for sensitization risk assessment,
(i.e. the DSA05, or the dose that produces a positive response in 5%
of the tested population). For the case of Cr, sensitization potency is
highly dependent on the valence state. Cr(VI) is a well known and highly
potent sensitizer, currently regulated in Europe for its use in cement and
leather products at a limit of 3 ppm. While Cr(III) is a commonly used
tanning agent for leather goods, the sensitization potency of Cr(III) is still
a subject of considerable debate. A review of patch test studies suggests
an exposure limit of 50 to 200 ppm could possibly avoid elicitation in
most Cr(III) sensitive subjects. However, these studies lack a sufficient
number of test subjects necessary to make a reliable conclusion (n<150),
and do not suggest a clear or coherent dose-response relationship. We
therefore pooled the results from two independent studies of commercially available leather samples reporting levels of leachable Cr(III)
ranging from <1 to 591 ppm (n=32). The pooled average and standard
deviation of leachable Cr(III) was 153 ppm and 113 ppm respectively.
These “performance” based values align with the provisional health-protective threshold range of 50 - 200 ppm for Cr(III). However, it remains
clear more research is necessary to better understand the allerginicity of
Cr(III) in consumer products.

2202 Anatomical Comparison of Human Female

Abdominal Skin with or without Striae Distensae
and Effect on Percutaneous Passage and
Metabolism Studies

was greater. For the metabolic studies, activity of phase I enzymes
was different. Esterase activity is greater in SD compared to normal
skin from the same patients. Esterase activity was found to be greater
in the dermis compared to epidermis. On the opposite, CYP1A was
comparable in both skin with or without SD. CYPA activity is inducible
by 3-methylcholanthrene (3MC) in the epidermis but not the dermis.
Based on these results, the distinct metabolic features characterizing SD
lesions are to be taken into consideration when making toxicological
studies. These changes however do not seem to affect the skin barrier
properties, making skin with SD acceptable material to work on, when
testing transcutaneous passage.

2203 Comparison of Binding Affinity of Dermal

Decontamination Gel (DDGel) and Stratum
Corneum to Model Chemicals

Y. Cao, A. Elmahdy, Y. Zou, X. Hui, and H. Maibach. University of
California San Francisco, San Francisco, CA.
To explore relationship of dermal penetration and absorption with
mechanisms of chemical warfare agent simulants (CWA sims) partitioning between (a) stratum corneum (SC) and water and between
(b) DDGel and water, human skin and eight simulant chemicals were
studied. Properties of eight C14-labeled CWA sims (1-butanediol,
trimethyl phosphate (TMP), dimethyl adipate (DMA), 2-chloroethyl
methyl sulfide (CEMS), diethyl adipate (DEA), chloroethyl phenyl sulfide
(CEPS), parathion, and diethyl sebacate (DES)) binding to and partitioning into intact human SC sheets were characterized and quantified.
Intact SC sheet samples dosed with model chemicals were incubated in
a dialysis tubing device (2K MW cutoff) at 37°C for 24-hour to reach equilibrium. Then tested chemicals were separated from human SC tissue
samples using buffer (PBS, 0.01 M, pH 7.0) and radioactivity measured.
Partition coefficients of SC/Water and DDGel/Water (Log Psc/w and Log
PDDGel/w) of each of those chemicals were quantified. Log Psc/w and Log
PDDGel/w of 1-butanediol, TMP, DMA, CEMS, DEA, CEPS, parathion and
DES were 0.94, 0.92, 0.65, 0.78, 1.07, 1.4, 2.71, 2.68 and 1.2, 0.74, 0.93,
0.9, 1.23, 1.35, 2.5, 3.1. Results showed that Log Psc/w and Log PDDGel/w are
closer to each other when compared to corresponding logP octanol/
water value of each model chemical. Similarities of log Psc/w and log
PDDGel/w for each of all chemicals may explain why DDGel can efficiently
remove from the skin surface and back-extract from SC. The DDGel
formulation has a similar or higher binding affinity to each chemical
compared to SC. Relationship of Log Oct/w with Log SC/w and Log
DDGel/w was quantified for each CWA sims. Result also demonstrated
that partition coefficient (Log SC/w or Log DDGel/w) values of the model
chemicals are sensitive to their lipophilicity or hydrophilicity properties. This result suggested that the DDGel with higher binding affinity to
chemical toxicants offers a significant opportunity for further development for skin decontamination applications toward CWA and other toxicants; and solubility limit of a compound in SC is critical in determining
degree of partitioning into human skin. Project is supported by Defense
Threat Reduction Agency (DTRA) Grant: HDTRA1-14-0005 UCSF|(BRBAA11PerC-9-2-0054 - Base).

2204 The Application of Read Across for Skin

Sensitization in the Safety Assessment of
Fragrance Ingredients

C. Chesne, E.-A. Subileau, L. Oger, H. Dacq, F. Bree, and D. Steen.
Biopredic International, Saint Gregoire, France.

D. O’Brien, R. Parakhia, and A. M. Api. Research Institute for
Fragrance Materials, Woodcliff Lake, NJ.

When testing transcutaneous passage, companies work mainly on
abdominal skin, and they use skin discs that are striae distensae (SD)
free. Yet it is interesting to know whether one can extrapolate the results
obtained from normal skin discs to skin with SD. 70% of women in their
midlife have SD, and with the obesity rate increasing, a larger number
of men and women will be concerned. The aim of this study was to
determine whether the barrier property was comparable between the
two skin types. The metabolic activities, also important when studying
the toxicology of a cosmetological product with a topical application,
were also compared between the skins with and without SD. Biological
materials were obtained from abdominoplasties (tummy tucks) and all
studies were performed ex vivo. Different parameters were compared
between skin with SD and adjacent uninvolved skin to characterize: skin
barrier function by measuring trans epidermal water loss (TEWL), epidermis structure determined by histological analysis, and CYP1A and
esterase activities. No difference was observed in skin barrier function
when looking at trans epithelial water lost. Paraffin embedded paraformaldehyde fixed 8mm skin discs were prepared in 4µm thick sections
and stained with Eosin/Hematoxylin solution for observation under
a microscope. Digitalized images were analysed with NDP view software. No difference could be underlined for the SC and the epidermis
between normal skin and skin with SD; the inter-individual variation

Read-across is an approach that assumes chemicals with similar structures will share similar properties. Furthermore, these substances with
similar toxicological profiles will be clustered together so that untested
chemicals can read across to tested chemicals with sufficient data
(“seeds”) to estimate and predict the endpoint of interest. In the RIFM
safety assessment process, read-across plays a crucial role estimating
and predicting the sensitization potential of substances lacking sufficient data to complete an endpoint assessment. When conducting
assessments on several chemicals, this approach is used to cluster analogous chemicals based on structure, reactivity, metabolism, physiochemical and toxicological properties. Utilizing the existing chemistry and
biology knowledge of allergic contact dermatitis we present a practical
application of read across in the safety assessment of fragrance ingredients for the skin sensitization endpoint. The current clustering approach
used for cyclic alkyl alcohols considers if the hydroxyl group is primary,
secondary or tertiary and if the molecule contains alpha-beta unsaturation, beta-gamma unsaturation, aromaticity, insulated pi bonds, skin
metabolism, autoxidation potential, in silico protein reactivity alerts
and all available data. The current dataset of 26 alcohols includes 16
fragrance ingredients in commerce. In total, there are 3 LLNAs, 13
HRIPTs, 6 Human Maximization tests, 5 Guinea Pig Maximization Tests,
3 Buehler Tests and 2 Open Epicutaneous Tests. The dataset contains 4

2205 Role of Follicular Pathway in Human Skin
Penetration and Decontamination

A. Elmahdy, Y. Zou, Y. Cao, X. Hui, and H. Maibach. University of
California San Francisco, San Francisco, CA.
This study determined hair follicles’ role in skin permeation of chemical warfare simulants (CWSs) and decontamination efficiency of dermal
decontamination gel (DDGel) post short exposure. Six C14 labeled CWSs;
diethyl ethyl phosphonate (DEEP), trimethyl phosphate (TMP), diisopropyl methylphosphonate (DIMP), dipropylene glycol monomethyl
ether (DPGME), paraoxon (POX) and methyl salicylate (MS) with varying
physicochemical properties were selected. A 10µl solution (10% v/v) was
applied to human cadaver scalp skin in a flow-through in vitro diffusion system. One hour post-exposure, DDGel was applied for 30 min to
remove surface residue. System ran for 24 hours. Receptor fluid was serially collected. At the end, stratum corneum (SC) was tape-stripped followed by epidermal-dermal separation and measured for radioactivity.
Scalp penetration data were compared to absorption through human
abdominal skin (glabrous). Scalp permeation of DEEP, TMP, DIMP,
DPGME, POX and MS exceeded glabrous skin by 14, 37, 23, 7, 4 and 3%
(p value< 0.05) of applied dose respectively. Follicular pathway showed
decreased contribution in absorption of MS and POX (more lipophilic)
and only 3% higher than glabrous skin. TMP and DPGME (most hydrophilic) showed earlier permeation peak time (Tmax) through scalp skin
at 2 hours comparing to 4 hours with glabrous skin; also TMP showed
the highest scalp permeation (50% of applied dose) among tested
chemicals. DDGel resulted in > 50% (p value < 0.05) decrease in peak
maximum concentration absorbed (Cmax) in all test chemicals. In conclusion, human scalp showed greater total skin absorption than abdominal skin. Hair follicles act as chemical reservoir for CWSs; mostly hydrophilic compounds. DDGel formula showed marked decontamination
effect and reduction of hair follicle and glabrous SC chemical reservoir.
Project supported by Defense Threat Reduction Agency (DTRA) Grant:
HDTRA1-14-0005 | UCSF (BRBAA11-PerC-9-2-0054 - Base)

of formulation differences. As selection of appropriate skin disposition
parameters is critical in this assessment, current work is focused on
deconvolution analysis and other modeling methods to identify parameters that improve in vivo prediction of absorption of mixtures from in
vitro studies.

2207 In Vitro Assessment of Binding Affinity of Human
Stratum Corneum Compartments to Chemical
Warfare Simulants and Topically Applied Drugs

A. Elmahdy, Y. Cao, X. Hui, and H. Maibach. University of
California San Francisco, San Francisco, CA.
This study determined binding affinity of stratum corneum (SC) compartments; keratin and SC lipids in liposome form to C 14-labeled
chemical warfare simulants (CWSs) and drugs to further assess role of
chemical solubility (log Po/w) in skin absorption and penetration. Eight
C14-labeled compounds; terbenafine HCl (TBF), clonidine HCl, diethyl
adipate, diclofenac sodium, diethyl sebacate (DES), triethyl phosphate
(TEP), 2-chloroethyl ethyl sulfide (CEES) and 1-butanediol with varying
physicochemical properties were selected. A 50µl solution (1% v/v) was
incubated with 10% keratin or SC lipid in a dialysis tubing device (2K
MWCO) with PBS buffer dialysate (0.01M, PH 7.0) changed twice at 2
and 4 hours post-dosing, and continued incubation for 24 hours at 370C
with continuous shaking. Samples were measured for radioactivity to
determine binding rates by weight normalization. Binding rates of TBF,
DES, diclofenac sodium, diethyl adipate, TEP, CEES, clonidine HCl and
1-butanediol to keratin were 18, 16, 8, 7, 6, 6, 3, and 3 mg/g. 1-Butanediol
had lowest keratin binding among others, despite its hydrophilicity (log
Po/w= -0.83), TBF showed higher keratin binding, despite low hydrophilicity (log Po/w= 5.9). Binding rates of TBF, DES, diclofenac sodium,
diethyl adipate, TEP, 1-butanediol, CEES and clonidine HCl to SC lipid
liposome were 178, 164, 130, 81, 51, 23, 12 and 6 mg/g respectively.
Binding rates to SC lipids showed greater relative correlation to compound’s lipophilicity (log Po/w). So TBF, DES and diclofenac sodium (Log
Po/w= 5.9, 4.33, 4.26) exceeded TEP and 1-butanediol (log Po/w= -0.78,
-0.83) in SC lipid binding affinity. Diethyl adipate show higher protein
and lipid binding than clonidine HCl although both have similar MW and
Log Po/w value, but with different donor /acceptor hydrogen bonds ratio
(2:1 for clonidine, 0:4 for diethyl adipate) In conclusion, binding affinity
to SC keratin and lipid does not depend on a single viariable (Log Po/w)
but rather unique chemicals’ physicochemical properties in general such
as MW, solubility and hydrogen bond count. Determination of each SC
domain’s binding affinity; keratin, lipid and water increases our knowledge of skin permeability and SC chemical reservoir for certain drug
or chemical. Project supported by Defense Threat Reduction Agency
(DTRA) Grant: HDTRA1-14-0005 | UCSF (BRBAA11-PerC-9-2-0054 - Base)

2206 Comparison of In Vitro and In Vivo Skin
Absorption of Ortho-Phenylphenol in
Metalworking Fluid Formulations

E. Nixon, J. Brooks, J. Chittenden, and R. Baynes. North Carolina
State University, Raleigh, NC.
Studies that compare in vitro and in vivo skin absorption often use single
chemicals and not mixtures. The objective of this work was to determine
whether in vitro - in vivo comparisons can be predictive across formulations. Metalworking fluids (MWFs) were evaluated as these formulations
continue to be an occupational skin exposure concern to the metal fabrication industry. There are four general types of MWFs; neat oils and
three water based MWFs; namely, soluble oil (SO), semi-synthetic (SS)
and synthetic (SYN) that vary in composition of performance additives.
One of these additives is the biocide, ortho-phenylphenol (OPP), whose
skin absorption was determined experimentally in vitro and in vivo in
pig skin using 14C-OPP in the three MWF formulations and a pure water
only formulation. The in vivo pig (n = 4) mass balance study following
a 6-day skin exposure to 14C- OPP and the in vitro pig skin (n = 7) used
similar formulations but for 24-hour exposure. Pharmacokinetic analyses involved use of non-compartment models. For the 24-hr in vitro
study, the trend in 14C-OPP total absorption from the various MWF formulations was Water (54.2 % dose) > SYN (12.0 % dose) > SS (4.6 % dose)
= SO (4.6 % dose). The total absorption for the in vivo study based on
mass balance was Water (44.8 % dose) > SYN (40.2 % dose) = SO (31.2 %
dose) > SS (27.1 % dose). The trend for the 144 hr in vivo mean residence
time (MRT = AUMC/AUC) was SYN < Water < SS < SO, although not statistically significant, but what was expected from the in vitro trend that
demonstrated significant skin permeability differences across formulations (Water > SYN > SS > SO). Furthermore, the MRT data from the
in vitro study reasonably estimated the MRT trends for 144 hr in vivo
study. In conclusion, in vitro - in vivo comparisons across mixtures and
formulations are difficult and may involve not only ratio comparisons of
% dose or permeability as traditionally determined for single chemicals.
In vitro data could over- or under-estimate in vivo absorption because

2208 Changes in Glycolic Acid Human Skin

Penetration by Altering Dendrimer Surface
Chemistries

M. E. Kraeling1, S. Dadiboyena2, A. K. Patri2, R. L. Sprando1, and J. J.
Yourick1. 1US FDA, Laurel, MD; and 2US FDA/NCTR, Jefferson, AR.
Poly(amidoamine) (PAMAM) dendrimers are highly branched stable
polymeric nanoparticles that may be synthesized to specific sizes,
shapes, and surface chemistries for targeted delivery of chemicals.
There is concern that dendrimers may be used for targeted delivery of
cosmetic ingredients into skin, and may increase the skin absorption
of ingredients currently considered safe in cosmetics, such as glycolic
acid. We evaluated the skin penetration of radiolabeled G4 dendrimer
conjugated with glycidol (Gly) and G4-Gly dendrimer further bound
to glycolic acid (GA), to determine if enhanced skin penetration of GA
could occur. The skin penetration of a GA solution and a glycolic acid
G4-Gly dendrimer solution mixture was also evaluated. Treatments
were applied (0.2% concentration) in aqueous solutions onto human
cadaver skin assembled in flow-through diffusion cells. After a 24 hour
exposure the extent of skin penetration was determined by liquid
scintillation counting for quantification. From the results, most of the
radioactive G4-Gly dendrimer penetrating skin remains in the stratum
corneum (4.7%), with less than 1% absorbing into the epidermis and
dermis. When the G4-Gly dendrimer was bound to GA, penetration into
the stratum corneum increased to 29%, and to about 4% in the epidermis and dermis. The stratum corneum level (29%) of the G4-Gly dendrimer bound to GA was also significantly increased compared to the GA
treatment (4.6%) and the glycolic acid G4-Gly dendrimer mixture (3.4%).
There was an increase in radioactivity in receptor fluid with the glycolic
acid G4-Gly mixture (4.6%), compared to just the G4-Gly dendrimer
(0.5%), the G4-Gly dendrimer bound to GA (0.25%), and glycolic acid
treatment alone (2.7%). It was found that the G4-Glycidol dendrimer
may increase the penetration of GA; demonstrating that dendrimer
chemistry may alter skin absorption of associated chemicals.
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seed chemicals (non or weak sensitizers) with Local Lymph Node Assays
(LLNA) or a Guinea Pig Maximization Test (GPMT) conducted according
to OECD guidelines and Human Repeated Insult Patch Tests conducted
according to Politano and Api, 2008. We tested one of the seed chemicals in all three OECD accepted in vitro assays. There are 14 chemicals
from the dataset with insufficient or limited data and 8 chemicals with
no data. We present all data, in silico predictions, and brief justifications
for the read across used to clear the 12 fragrance ingredients lacking
sufficient data.

2209 Lead-Induced Transgenerational

Neurobehavioral Toxicity and Transcriptomic
Changes in Zebrafish Brains

E. J. Crofts2, D. N. Meyer2, D. N. Weber1, and T. R. Baker2. 1University
of Wisconsin–Milwaukee, Milwaukee, WI; and 2Wayne State
University, Detroit, MI.
Lead (Pb) is a major public health hazard for urban children and has profound developmental and behavioral implications into adulthood and
across generations. The significance of adverse health outcomes due to
lead exposure is exemplified by the recent discovery of lead in municipal
water systems, notably in Flint, MI. Understanding the long-term repercussions of lead exposure is crucial for elucidating the mechanism(s) of
effect and heritability. For this study, zebrafish embryos (<2 hours post
fertilization; EK strain) were exposed for 24 hours to waterborne Pb at
a concentration of 0, 1, or 10 uM Pb. Zebrafish (Danio rerio) are an ideal
model for translational and transgenerational research due to their short
generation time, sequenced genome, and analogy to human development and disease. The exposed F0 generation was raised to adulthood,
underwent neurobehavioral analysis, and was spawned to produce
the F1 generation, which was subsequently spawned to produce the F2
generation. The behavioral testing targeted learning and memory. The
unexposed F2 generation also underwent behavioral testing and brain
tissue was collected and formalin fixed for gene expression analysis.
RNA was extracted from the control and 10 uM Pb-lineage F2 generation
(n=11 for each group). We prepared 3’ mRNA-Seq libraries (QuantSeq)
that were sequenced and the transcript expression was quantified. In
the behavioral assays, both the F0 and F2 generations had significant
learning deficits and behavioral changes. In the F2 generation brain
tissue, 367 genes were found to be significantly differentially expressed
between the control and the F2 offspring of the lead exposed fish. A
subset of these altered genes are known to be associated with learning
and memory and also have been reported to be affected by lead exposure. These include GSK3B, EGR1, HPRT1, RHO and MAPK1. Genes associated with the endocrine system and hormone regulation (LH, FSH) also
had differential expression. Pathway analysis revealed altered genes in
pathways involved in neurological disorders, nervous system development and function, steroid metabolism, learning, memory and behavior.
These data will inform future investigations to elucidate the mechanism
of adult-onset and transgenerational health effects of lead exposure.
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2211 Sublethal TCDD Exposure during Zebrafish

Development Produces Multigenerational
Testicular Abnormalities in Histology and Gene
Expression

D. Meyer, and T. Baker. Wayne State University, Detroit, MI.
The industrial by-product TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin)
is a potent environmental toxicant and endocrine-disrupting chemical
(EDC) with known multigenerational teratogenic effects on humans,
rodents and fish. A developmental basis of adult-onset diseases has
been implicated following exposure to some EDCs. Zebrafish (Danio
rerio) are an effective model system for investigating developmental and
multigenerational toxic effects of EDCs, due to their short generation
time, transparency in early development, and ease of developmental
exposure. Previous work in this lab has shown that both structural and
reproductive abnormalities (spinal deformities, sex ratio skewed toward
female fish, body plan/gonad mismatch, and decreased fertility) were
observed in young zebrafish exposed to TCDD. Reproductive abnormalities observed in subsequent unexposed generations (F1 and F2)
were male-mediated, suggesting transmission through the male germline. We analyzed the testicular tissue of TCDD-exposed male zebrafish
from all three generations, looking for changes in histology and gene
expression that could account for decreased reproductive capacity. For
histological analysis, spermatogenic cells were categorized by differentiation stage and quantified within seminiferous tubules. Statistical
analysis demonstrated significant differences in certain spermatogenic
cell types between exposed and control groups in the F0 and F1 generations, indicating delayed spermiation in exposed males and their
offspring. Gene expression analysis of testis samples revealed altered
expression involved in spermatogenesis, steroidogenesis, aryl hydrocarbon receptor (AhR) xenobiotic response pathways, and lipid metabolism in exposed fish in all three generations. Overall, differential expression of reproductive genes and reduced capacity of sperm cells to reach
maturity could account for the multigenerational reproductive defects
previously seen in TCDD-exposed male zebrafish and their offspring.

2212 An Embryonic Zebrafish Screening Method for
Early Life-Stage Obesity

Cagle1,

SOT 2017 Annual Meeting

2210 Do Larval Motility Assays Predict Long-Term

Neurobehavioral Effects of Embryonic Toxicant
Exposure in Zebrafish?

E. D. Levin, L. Glazer, and A. N. Oliveri. Duke University, Durham,
NC.
Zebrafish larval motility assays have become widely used to increase
the throughput of neurobehavioral testing. These can be valuable for
providing an index of integrated neural response in a living organism.
However, it is important to determine how accurate the larval assays
are for predicting longer-term neurobehavioral effects of embryonic
neurotoxicant exposure. In several studies we exposed zebrafish to lowlevels of potentially neurotoxic chemicals in the first 5 days of embryonic development. As larvae, the fish were tested for locomotor activity
in response to alternating light and dark conditions. Fish with the same
exposures were tested in adulthood on behavioral tests including sensorimotor startle response and habituation, novel tank diving and exploration, shoaling behavior and predatory escape. The chemicals tested
included the dioxin-like PCB126, the organophosphate (OP) pesticide
chlorpyrifos, OP flame retardants and dopamine antagonists. The results
show that in some cases larval motility testing predicted later behavioral disruption by embryonic chemical exposure. In other cases, larval
motility was disrupted but there was little or no behavioral impairment
detected in adulthood. Finally, and most importantly, there were cases
where the larval motility assay did not detect effects at doses that were
later found to disrupt adult behavior, suggesting that assays relying
solely on larval behavioral screens may be inadequate for detecting neurotoxic risks. (Supported by the Superfund Research Program, the National
Toxicology Program and the Leon Golberg Postdoctoral Fellowship)

P.
S. Padilla2, A. Tennant2, T. Tal2, J. Hedge2, B. Chorley2,
and M. Angrish2. 1North Carolina Agricultural and Technical State
University, Greensboro, NC; and 2US EPA, Research Triangle Park,
NC.
The chemical environment in the womb may increase susceptibility to
different life-stage and life-long metabolic diseases including obesity.
Specifically, evidence suggests fetal obesogen exposure may shift multipotent stromal stem cell differentiation disproportionately toward the
adipocyte pool. This chemical disruption of adipocyte organogenesis
may increase the number and size of fat depots later in life, rendering
offspring more susceptible to obesity. The challenge is to understand
if environmental chemical exposures during developmentally sensitive
windows affect adipose mass later in life. In vitro models lack the integrated systems approach needed to assess adipose development, while
mammalian models are impractical in a screen of thousands of chemicals. Therefore, an optimal zebrafish obesogen screening method was
developed to examine the effect of embryonic chemical exposure on
life-stage adipose mass. A time-line for adipose depot formation was
mapped in zebrafish 6-14 days post fertilization (dpf) using the lipophilic
dye, Nile Red, in combination with fluorescent microscopy and gene
expression. Those time points were then used to evaluate embryonic
tributyltin chloride (TBT, a known obesogen) exposure on adipose mass.
Embryos exposed to TBT (10nM daily renewal, 0-5 dpf) had increased
adipogenic and early commitment markers PPARγ, Cidec, and Znf423
(1.8-, 1.6 and 3.2-fold, respectively; p <0.05), and developed adipose
depots that were larger (3.7-fold at 10 dpf, p =0.0255) and appeared 2
days earlier (8 dpf versus 10 dpf) than controls. These results suggest
the zebrafish model as a promising new tool to screen for chemical obesogens. This abstract may not necessarily reflect official Agency policy.

Triphenyl Phosphate Disrupts Bone Remodeling
in Adult and Perinatally Exposed Female Mice

J. Schlezinger, C. Marsh, S. Kim, and W. Heiger-Bernays. Boston
University School of Public Health, Boston, MA.
Bone mass is determined by environmental and genetic factors during
critical periods in the life-course. Failure to reach peak bone mass in
young adulthood may be more significant than bone loss that occurs at
menopause in determining risk of osteoporosis. Furthermore, failure to
recover bone mass after pregnancy and lactation also compromises bone
health. Maternal nutritional status is a well-known predictor of recovery
of bone mass after lactation and programming of peak bone mass of
offspring. Little is known about toxicant effects on bone health of either
mother or offspring. Therapeutic ligands of peroxisome proliferator activated receptor γ (PPARγ) are known to increase bone marrow adiposity,
decrease bone mass, suppress osteogenesis and enhance osteoclastogenesis in rodent models, and increase fracture risk in humans. We identified a novel environmental PPARγ ligand, triphenyl phosphate (TPhP),
a component of the flame retardant mixture Firemaster550 (FM550). In
vitro, TPhP and FM550 increase differentiation of mouse primary bone
marrow multipotent stromal cells into adipocytes and decrease their
differentiation into osteoblasts. Pregnant C57BL/6J mice were exposed
to 2 μM TPhP in drinking water from GD7-PND23 or PND37. At weaning,
pups were randomly assigned to either a low or high fat diet, containing
12% and 45% of calories from fat, respectively, and exposure to TPhP
ceased. In the dams, exposure to TPhP increased liver lipid content and
gonadal adipose weight without signs of overt toxicity. At parturition,
serum PINP, a marker of bone formation, was suppressed and serum
Trap5b, a marker of bone resorption, was increased in TPhP-treated
dams. MicroCT analysis of bone structure 2 weeks following the end of
lactation showed a lower bone mineral content in TPhP-treated dams.
At 16 weeks of age, female pups exposed to TPhP and fed a high fat diet
for 13 weeks had a redistribution of adipose tissue and splenomegaly.
Serum PINP was not affected by perinatal TPhP-treatment, but serum
Trap5b was significantly increased. Effects occurred at a daily dose to
the dams of 0.30 mg/kg-day, a dose that is significantly lower than the
previously reported LOAEL of 70 mg/kg-day. While limited by a small
sample size, this study demonstrates that TPhP disrupts bone re/modeling, potentially compromising recovery of bone mass after lactation
and ability to reach peak bone mass in young adulthood.

2214 Persistent Adverse Developmental and

Reproductive Outcomes in Male Rats Prenatally
Exposed to the Glucocorticoid Betamethasone

W. G. Kempinas2, C. S. Borges2, T. L. Pacheco2, T. M. Figueiredo2,
F. H. Fernandes3, D. M. Salvadori3, V. C. Souza4, F. Barbosa4,
M. Gregory1, and D. G. Cyr1. 1INRS-Institut Armand-Frappier,
University of Quebec, Laval, QC, Canada; 2Institute of Biosciences,
Sao Paulo State University, Botucatu, Brazil; 3School of Medicine,
Sao Paulo State University, Botucatu, Brazil; and 4School of
Pharmaceutical Sciences, University of São Paulo, Ribeirão Preto,
Brazil.
The glucocorticoid betamethasone (BM) is used to accelerate fetal lung
maturation in pregnant women at preterm risk. Our aim was to investigate reproductive effects on the F1 and F2 generations in male rats
whose dams were treated with BM during gestation. For this, pregnant
Wistar rats were separated into two groups: control (saline, vehicle) and
BM (0.1mg/kg. i.m.) on gestational days 12, 13, 18 and 19, mimicking
the clinical drug protocol. Among other parameters, age of preputial
separation (PPS), serum hormone levels, sex organ weights, sperm
parameters, fertility, histopathology and immunohistochemistry of the
testes and epididymidis, testis proteomics and comet assay were evaluated. Statistics: Student´s t-test (p&It0.05). Ethics Protocol number: 451.
The following results in the BM group were significantly different from
control in both generations: delay in PPS, decrease in seminal vesicle
weight, increase in LH and decrease in testosterone levels, decrease
in sperm production, motility and morphological normality, as well as
lower fertility. In F1, comet assay demonstrated that the tail intensity
increased in germ and sperm cells. Morphologically abnormal seminiferous tubules were observed, characterized by an irregular cell distribution with Sertoli cell that were displaced towards the tubular lumen.
These cells expressed both Connexin 43 (Cx43) and Proliferative Nuclear
Cell Antigen (PCNA). A delay in the differentiation of the epididymal
epithelium was observed. A total of 42 (F1) and 36 (F2) proteins were
differentially expressed in the testes of control and treated rats. We concluded that prenatal BM exposure leads to persistent adverse reproductive effects in male rats, raising concern about its human clinical use.
(Funding: FAPESP CNPq)

2215 Genomic Biomarkers of Prenatal Intrauterine

Inflammation in Umbilical Cord Tissue Predict
Later Life Neurological Outcomes

S. K. Tilley3, R. M. Joseph2, K. C. K. Kuban1, O. D. Dammann4, T. M.
O’Shea5, and R. C. Fry3. 1Boston University, Boston, MA; 2Boston
University School of Medicine, Boston, MA; 3Gillings School of
Global Public Health, University of North Carolina, Chapel Hill, NC;
4Tufts University School of Medicine, Boston, MA; and 5University of
North Carolina at Chapel Hill, Chapel Hill, NC.
Objective: To identify genomic biomarkers in umbilical cord tissue of
intrauterine inflammation that predict cognitive impairment at 10 years
of age. Study Design: Genome-wide messenger RNA (mRNA) levels from
umbilical cord tissue were obtained from 43 neonates born before 28
weeks of gestation. Genes that were differentially expressed across four
indicators of intrauterine inflammation were identified. These genes
were characterized according to biological function, and exact logistic
regression was used to test whether expression levels in umbilical cord
tissue predicted neurocognitive function at 10 years of age. Results:
Placental indicators of inflammation were associated with changes in
the mRNA expression of 445 genes in umbilical cord tissue. Transcripts
with decreased expression showed significant enrichment for biological
signaling processes related to neuronal development and growth. The
altered expression of six genes, namely chromosome 10 open reading
frame 54 (C10orf54), cysteine rich secretory protein LCCL domain containing 1 (CRISPLD1), extracellular matrix protein 2 (ECM2), glutathione
peroxidase 3 (GPX3), olfactomedin like 1 (OLFML1), and paraneoplastic
Ma antigen family like 1 (PNMAL1), predicts neurocognitive impairment
when children were 10 years old. CRISPLD1, ECM2, and OLFML1 encode
for proteins with implicated roles in neuronal development. Conclusion:
Prenatal intrauterine inflammation is associated with altered gene
expression in umbilical cord tissue. A set of six of the differentially
expressed genes predict cognitive impairment later in life, suggesting
that the fetal environment is associated with significant effects on neurodevelopment that persist into later life.

2216 Long-Lasting Disruption of Spermatogenesis
and Sperm Epigenome by Perinatal 2,2’,4’4’
-Tetrabromodiphenyl in Rat Model

A. Khalil, J. R. Pilsner, A. Shershebnev, M. Parker, and A. Suvorov.
University of Massachusetts, Amherst, MA.
Meta-analysis of population studies published between 1938 and 1990
indicates that mean sperm concentration decreased around 50% during
this period. Emerging evidence links the disruption of male reproduction with exposures to environmental endocrine disruptors during the
vulnerable windows of development. Polybrominated diphenyl ethers
(PBDEs) were recently withdrawn from commerce in North America
and Europe. However, generations that were exposed perinatally
to the highest environmental doses of PBDE account for one-fifth of
the total US population. Toxicity of PBDE for the male reproductive
system has been demonstrated in several human and animal studies,
however long lasting effects of perinatal exposures on male reproduction are still poorly understood. In this study, pregnant Wistar rats were
exposed to 0.2 mg/kg 2,2’,4,4’-tetrabromodiphenyl ether from gestation day 8 until postnatal day 21 and male reproductive outcomes and
sperm epigenome were analyzed on postnatal day 120 in offspring.
Exposed animals had significantly smaller testes, displayed trend
towards decreased sperm production per testis weight, had significantly increased percentage of morphologically abnormal spermatozoa,
and showed significant changes in testes transcriptome, including
suppression of genes essential for spermatogenesis and activation of
immune response genes. In particular, exposed animals had increased
size of spermatozoa heads and 4-fold average decrease in expression of protamine and transition protein genes in testes, suggesting
that histone-protamine exchange may be dysregulated in the course
of spermatogenesis, and that exposure legacy may be transferred to
the next generation via aberrant sperm epigenome. Analysis of sperm
methylome using RRBS-seq methodology resulted in identification of
4621 deferentially methylated regions (DMRs) with fold change more
than 20%. Of these 2433 DMRs were in gene bodies. Enrichment analysis of corresponding genes demonstrated significant changes in major
developmental pathways and pathways responsible for brain development. The possibility of long-lasting and transgenerational effects of
developmental exposures to PBDE calls for additional studies to build a
background for the development of preventive and protective interventions against environmentally-induced decline in fertility and paternally
inherited legacy of environmental exposures.
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2217 MicroRNA Modifications As Early Neuroimmune

Susceptibilities to Alzheimer’s Disease following
Developmental Toxicant Exposure
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2219 Early-Life Exposure to Low Levels of AHR Agonist
3,3’,4,4’,5-Pentachlorobiphenyl (PCB126)
Reprograms Gene Expression in Adult Brain

A. vonderEmbse, I. Gomez, Q. Hu, and J. DeWitt. East Carolina
University Brody School of Medicine, Greenville, NC.

N. Aluru2, G. Lilah1, and M. E. Hahn2. 1Duke University, Durham,
NC; and 2Woods Hole Oceanographic Institution, Woods Hole, MA.

Perturbation of developmental communication between neurons and
microglia, the CNS-resident macrophages, may transcriptionally alter
the neuroimmune parenchyma, thereby increasing susceptibility to later-life neurodegeneration. Using a double hit model of postnatal lead
(Pb, 100 ppm) exposure from postnatal day (PND) 5-9 in a mouse model
of Alzheimer’s disease, we report altered microRNA expression levels as
early as PND 10. Early exposure to Pb decreased miR-124, a microRNA
involved in microglial quiescence, as well as miR-34a, involved in
p53-induced pro-inflammatory signaling. Moreover, miR-132, typically
upregulated to resolve inflammation by blocking NFκB, was increased
following Pb exposure. Surprisingly, these effects were modestly exacerbated by indomethacin (indo) pretreatment to Pb exposure. Although
Pb increased signaling for microglial activation via decreased miR-124,
concurrent anti-inflammatory transcriptional alterations were observed.
However, indo-induced suppression of both microglial activation
and inflammation did not mediate these signals, as anticipated, suggesting that microRNA alterations are derived from a balanced crosstalk between developing neurons and microglia, and may become
aberrant if microglia cannot respond appropriately. Likewise, markers
of atypical neuron:microglia communication were observed at PND
21 in the hippocampi of Pb-exposed mice, as evidenced by increased
DAP12 immunoreactivity, a protein on perinatal microglia thought to
act as a regulatory link between neurons and microglia. This effect was
ablated by indo pretreatment. The consequence of highly sensitive
DAP12 signaling dynamics during this critical window of development
could contribute to neuronal susceptibility to neurodegeneration by
the formation of atypical, unstable glutamatergic synapses. Likewise,
abnormal microRNA levels during development may alter the ability of
microglia to communicate and respond appropriately to later-life neuroimmune insults. Together, these results indicate that early toxicant
exposure during a critical window of development may contribute to
the development of Alzheimer’s disease by altering regulatory elements
of microglia activation and intrinsic communicative abilities to and from
developing neurons.

There is growing evidence from epidemiological and experimental
studies suggesting that early life exposure to environmental chemicals can have long-term consequences that are not always apparent
early in life. We recently demonstrated that developmental exposure
of zebrafish embryos to low, non-embryotoxic levels of PCB126 did not
affect larval behavior but caused changes in adult behavior (Glazer et al.,
2016, NeuroToxicology 52:134-143). Zebrafish embryos were exposed
to either vehicle (DMSO) or low concentrations of PCB126 (0.3, 0.6, 1.2
nM) for 20 h (4-24 h post fertilization), and then reared to adulthood
in clean water. Locomotor activity of the larvae at 7 and 14 days post
fertilization (dpf) was not affected by PCB126. In contrast, adult fish (4
months old) tested in novel tank and shoaling assays showed impaired
habituation to a novel environment. In order to investigate the underlying molecular basis of these phenotypes, we determined the transcriptional profiles in whole embryos (48 hpf), larvae (5 dpf) and adult
brain (4 mo) using strand-specific RNA-sequencing. Our results show
that 0.3 nM PCB126 exposure induced cyp1a transcript levels 12.5-fold in
48-hpf embryos but there was no induction in 5-dpf larvae, suggesting
transient activation of aryl hydrocarbon receptor during early development. No significant induction of cyp1a was observed in the brains of
adults exposed as embryos to PCB126. However, we observed significant changes in gene expression profiles in the adult brain samples. A
total of 2209 and 1628 genes were differentially expressed in 0.3 nM and
1.2 nM PCB126-exposed groups, respectively. KEGG pathway analysis of
differentially expressed genes in the brain suggest enrichment of genes
involved in oxidative phosphorylation, neurodegenerative diseases, circadian rhythm and calcium signaling pathways. We are currently investigating the role of these genes in altered behavior observed in the adults.
Overall, our results suggest that PCB exposure during sensitive periods
of early development alters normal development of the brain by reprogramming gene expression patterns. (Funded by NIH P01ES021923, NSF
OCE-1314642, and the WHOI Postdoctoral Scholar Program)

2220 Seeking Genes Responsible for Developmental
2218 MicroRNAs Expression in Response to Early-
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Life Environmental Tobacco Smoke Exposure
Is Associated with Pulmonary Disorders in
Offspring

E. Cole2, V. Kay2, K. Pinkerton1, A. Holian2, and Y. H. Cho2.
1University of California Davis, Davis, CA; and 2University of
Montana, Missoula, MT.
Early life exposure to environmental tobacco smoke (ETS) is a risk factor
in the development of pulmonary disorders. We previously published
that early life ETS exposure can induce allergic inflammation and
airway hyperreactivity (AHR) in childhood and persistent inflammatory
immune responses in adulthood. However, molecular mechanistic data
associated with early life ETS exposures and the consequential inflammation are needed. It is increasingly evident that microRNAs (miRNAs)
are involved in the pathophysiology of immunologic disorders, but few
studies have been reported examining these processes in relation to
miRNA changes after early life ETS exposure. In order to better understand the involved mechanisms, we profiled miRNAs expression associated with early life ETS exposure and their relationship to childhood
AHR and adult lung collagen deposition. Timed-pregnant C57BL/6
mice were exposed to ETS (1.0 mg/m3 for 6h/day) or filtered air (FA)
during gestation. Upon birth, dams and offspring pups continued to
receive daily ETS exposure for 3 more weeks, while the other groups
received only FA until weaning. Offspring were sacrificed at 6 and 20
weeks of age. AHR and lung pathology were examined in the 6- and
20- week offspring by measurement of airway resistance and collagen
deposition, respectively. 100 ng of total RNA from lung tissue was used
to profile miRNAs expression using the NanoString nCounter Analysis
System. Early life ETS exposure significantly augmented AHR at 6 weeks
and increased severity in lung pathology and interstitial collagen at 20
weeks. There were significant alterations in expression of some miRNAs
in offspring exposed to early life ETS compared to FA controls. Within
the 600 mouse miRNAs tested, decreased expression of miR-1 and miR208a and increased expression of miR-666-3p were significantly associated with early life ETS exposure at 6 weeks. Furthermore, at 20 weeks,
early life ETS exposure was significantly associated with overexpression
of miR-144. The present study revealed that prenatal and early postnatal
ETS exposure is associated with significant altered expression of miRNAs
in various stages of life, and these abnormal miRNA expressions could
be involved in sustained immune dysregulation preceding the latent
onset of respiratory diseases.

Origins of Health and Disease from Neonatal
Mouse Liver following Maternal Food Restriction

M. Kuwagata1,4,, J. Shibato2, R. Randeep5,2,, M. Senuma1, M.
Todoroki1, and T. Ogawa3. 1Hatano Research Institute, Food and
Drug Safety Center, Kanagawa, Japan; 2Hoshi University, School
of Pharmacy, Tokyo, Japan; 3Saitama Medical University, Saitama,
Japan; 4Showa University, School of Medicine, Tokyo, Japan; and
5University of Tsukuba, Ibaraki, Japan.
Based on the developmental origins of health and disease (DOHaD)
theory, we examined C57BL/6J mouse neonatal development and
searched responsible candidate genes for adult disease after neonatal
undernutrition exposure. C57BL/6J dams were exposed to global 50%
food restriction (FR) during one week after delivery. After FR, body
weight in FR pups caught up with the control pups, and greatly increased
at three weeks of age. Liver weight was comparable, but spleen weight
in FR was heavier than the control pups at three weeks of age. Global
gene expression in the pup’s liver at one and three weeks of age was
profiled using whole-genome DNA microarray analysis. Results revealed
that genes related to natural immune system (Ifng, Stat1, IL1b, Il6, etc.)
and chemokines reflecting macrophage activation (Ccl12, Ccl7, CD40,
Irf1, Idf6, etc.) were up-regulated, and genes related to growth factor
(Igf1, Ghr, etc.) and fat metabolism (Ghr, Gck, etc.) were down-regulated
at one week of age (immediately after FR). At three weeks of age, natural
immune systems still seems to be ascendant, and genes related to cholesterol synthesis (Mvk, Insig1, Dhcr7, etc.), and fat synthesis/metabolism were down-regulated in the FR pups. These results indicate that
neonatal undernutrition programmed reduction of gene expression
related to adiposity in pups whereas FR pups showed catch up growth
until weaning, and led to ascendant of natural immune systems in these
pups.

Aggravate House Dust Mite-Induced Asthma in
Mice

A. Noel, Z. Perveen, H. L. Hammond, K. Legendre, D. B. Paulsen, and
A. L. Penn. Louisiana State University, Baton Rouge, LA.
Epidemiological, as well as experimental studies have demonstrated
that in utero second-hand smoke (SHS) exposures are a risk factor for
pulmonary diseases, including asthma. Nevertheless, the cellular, molecular and epigenetic mechanisms by which in utero SHS promotes the
development or exacerbation of asthma has not been resolved. We previously reported that in utero exposure to 10 mg/m3 of SHS aggravates
pro-asthmatic responses in ovalbumin-challenged adult mice. Here, we
investigated whether a lower concentration of in utero SHS (3 mg/m3)
aggravates house dust mite (HDM)-induced asthmatic responses at 13
and 20 weeks of age similarly to 10 mg/m3 of SHS. Balb/c mice were
exposed from gestational days 6 to 19 to either 3 or 10 mg/m3 of SHS,
or filtered air. At 10 or 17 weeks of age, female offspring were instilled
intranasally, once a week for 3 weeks, with 25 µg of HDM or saline. At
13 or 20 weeks of age we evaluated lung function, broncho-alveolar
lavage fluids (BALF), lung tissue histopathology, and gene expression.
At 13 weeks of age, 3 and 10 mg/m3 of in utero SHS + HDM caused significant airway constriction and up-regulation of the Mmp12 gene, a
protease involved in tissue destruction, suggesting that the increase
in lung resistance is consequent to airway remodeling. In those same 2
groups, the percentage of BALF eosinophils was significantly increased
and gene expression of cytokines involved in chemotaxis and the activation of eosinophils (Ccl8, Ccl11, Ccl24, Ear11, IL-10 and IL-13) was up-regulated compared to controls, suggesting that the in utero SHS exposure
enhanced Th2-type responses. These results were further supported by
lung tissue histopathology assessment, which also highlighted the presence of mucus. Moreover, these aggravating asthmatic responses were
sustained at 20 weeks of age following in utero exposures to 3 mg/m3
of SHS. Thus, in this HDM-induced asthma model, in utero exposures to
3 and 10 mg/m3 of SHS produced similar aggravating effects at 13 and
20 weeks of age with regards to lung function, inflammation and histopathology damages. Our data suggest that environmentally relevant
exposures to SHS in utero and HDM in adults exacerbate asthma through
Th2-mediated responses in mice.

2222 Perinatal Exposure to Phthalates and Phthalate
Mixtures Results in Metabolic Alterations in
Weanling and Young Adult Mice

K. Neier, D. Cheatham, L. D. Bedrosian, and D. C. Dolinoy.
University of Michigan, Ann Arbor, MI.
Many studies have linked developmental exposures to phthalates with
adverse reproductive outcomes, but effects of exposures to phthalates
and phthalate mixtures on metabolic outcomes have not been fully
characterized. We utilized a perinatal exposure mouse model to investigate whether developmental exposures to phthalates and/or phthalate
mixtures impact metabolism and obesity-related outcomes. The viable
agouti (Avy) strain of mice was used with forced heterozygosity for the
Avy allele, resulting in approximately half a/a wildtype (93% C57BL/6)
and half Avy/a offspring. Mice were perinatally exposed 2 weeks prior to
mating and throughout gestation and lactation to 1 of 6 diets: Control,
25mg DEHP/kg chow, 25mg DBP/kg chow, 75mg DINP/kg chow, 25mg
DEHP + 75mg DINP/kg chow, or 25mg DEHP + 25mg DBP + 75mg DINP/
kg chow. Approximately half of the a/a offspring were sacrificed at
weaning (PND21), and half were weaned onto the control diet and followed into adulthood for metabolic phenotyping. At PND21, male and
female mice exposed to DINP weighed significantly more than controls
(p=0.01, 0.03, respectively). The impact of phthalate mixtures on PND21
body weight varied by sex. Males exposed to DEHP+DINP, but not those
exposed to all three phthalates, weighed more than controls (p=0.05),
while females exposed to all three phthalates, but not those exposed
to DEHP+DINP, weighed moderately more than controls (p=0.09). At
2 months of age, both DINP and DEHP were associated with increased
body weight (p=0.006, 0.01, respectively) and increased body fat percentage (p=0.02, 0.02, respectively), as modeled with multiple linear
regression. Co-exposure to DEHP+DINP displayed a negative interaction (p<0.01), resulting in attenuated effects on weight. Glucose tolerance testing (GTT) at 2 months of age revealed that overall insulin levels
post-glucose administration were moderately elevated in DINP-exposed
males (p=0.09), and insulin levels 30 minutes post-glucose administration were elevated in DBP-exposed females (p=0.03). These results
suggest that perinatal exposure to phthalates and phthalate mixtures
may impact adiposity in weanling and young adult mice, and that some
effects differ by sex. Ongoing studies include in-depth metabolic phenotyping into late adulthood and tissue-specific epigenomic and oxidative
stress analyses.

2223 Effects of Lead, Prenatal Stress, and Behavioral

Experience on Global Post-Translational Histone
Modifications in Adult Frontal Cortex and
Hippocampus

G. Varma1, M. Sobolewski2, D. Anderson1, M. Ault1, Z. Lu1, J.
Schneider1, and D. Cory-Slechta2. 1Thomas Jefferson University,
Philadelphia, PA; and 2University of Rochester, Rochester, NY.
Early life exposure to lead (Pb) and prenatal stress (PS) can impair cognitive/behavioral abilities. These adverse outcomes may have an epigenetic basis and the type of behavioral experience (BE) that one is
exposed to could modulate these effects. To explore this, post-translational histone modifications (PTHMs: H3K9ac, H3K4me3 H3K9me2
and H3K27me3) and expression of associated histone modifying genes
(Kat2a/Hdac1, Kmt2b/Kdm5d, Ehmt2/Kdm1a, Ezh2/Kdm6a) were
studied in frontal cortex (FC) and hippocampus (HIPP) in adult male
and female control (no Pb or PS), Pb, PS, and Pb+PS exposed mice that
received different behavioral experiences (BE). Female C57/Bl6 mice
were randomly assigned to receive drinking water containing 0 or 100
ppm Pb acetate for 2 months prior to breeding and through lactation
and were assigned to non-stress (NS) or PS groups (i.e., restraint stress
3x/day for 30 min/day from gestational day 15-18), yielding 4 treatment groups: 0-NS, 0-PS, 100-NS and 100- PS. Offspring from each
group were separated into non-behavioral, positive, and negative BE
groups. Exposure to Pb and PS alone modified the levels of PTHMs, as
non-behavioral animals showed sex and region specific alterations. For
example, Pb exposure decreased H3K4me3 levels in female HIPP, while
PS increased H3K9ac levels in male FC. Effects were seen more often
in females than in males. The effects of Pb, PS and Pb + PS on particular PTHMs were modified by BE, and also varied by sex and by brain
region. For example, an interactive effect of Pb x PS x BE was observed
for H3K27me3 in female FC but not in HIPP nor in either brain region
in males. In contrast, there was an interactive effect of Pb x PS x BE for
H3K4me3 in male FC but not in female FC or HIPP and only a significant
effect of PS x BE in male HIPP. Expression of key genes regulating histone
methylation/demethylation and acetylation/deacetylation was altered
by BE as well as Pb, PS and Pb + PS, in directions generally consistent
with changes in PTHM expression. These data suggest that developmental exposure to Pb and PS not only affects the brain epigenome but
BE may also modify epigenetic marks associated with Pb and PS exposure. The extent to which these epigenetic modifications have adaptive
or adverse influences on long-term behavioral outcomes needs to be
explored. (NIH grant ES021534)

2224 Brominated Flame Returdant

2,2’,4,4’-Tetrabromodiphenyl Ether Alters mTOR
Activity and Induces Long-Lasting Changes in
Liver Metabolism

A. Khalil, M. Parker, and A. Suvorov. University of Massachusetts,
Amherst, MA.
Polybrominated diphenyl ethers (PBDEs) were used as flame-retardant
additives in a wide range of polymers starting in 1965 and were recently
withdrawn from commerce in North America and Europe. Generations
that were born when environmental concentrations of PBDE reached
their maximum have now reached 0-15 years of age and in the US
account for 1/5 of the total population. Emerging data indicates longterm impairment of metabolic health by PBDE exposure in humans
and laboratory animals. We hypothesize that exposure to PBDE during
sensitive developmental windows may result in long-lasting changes
in liver metabolism. This study is based on experiments with CD-1
mice and human hepatocellular carcinoma (HepG2) cells and on the
reanalysis of all-genome gene expression data from previously published experiments with rats. Pregnant mice were exposed to 0.2 mg/
kg 2,2’,4,4’-tetrabromodiphenyl ether (BDE-47) from gestation day 8 till
postnatal day 21 and metabolic-health-related outcomes were analyzed
on postnatal day 21 and on postnatal week 20 in male offspring. Several
groups of metabolic genes, including ribosomal and mitochondrial
genes were significantly upregulated in the liver at both time-points as
analyzed using RNA-seq and subsequent gene-set enrichment analysis.
Similar changes were observed in brain frontal; lobes and in livers of rats
exposed perinatally to BDE-47. Genes regulated via mechanistic target
of rapamycin (mTOR pathway), the gatekeeper of metabolic homeostasis, were whether up- or down- regulated at both time-points in male
mice livers. On postnatal day 21, but not week 20, both mTOR complexes in liver were activated as measured by phosphorylation of their
targets. mTOR complexes were also activated by BDE-47 in HepG2 cells
in vitro. Circulating IGF-1 and triglycerides had 2-fold higher concentrations in exposed animals on week 20. Increased blood triglycerides were
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2221 Low Levels of In Utero Second-Hand Smoke

associated with 2.5 down-expression of fatty-acid uptake membrane
receptor Cd36 in liver. Thus, perinatal exposure to environmentally relevant doses of BDE-47 in laboratory mice results in long-lasting changes
in liver metabolism. Our evidence suggests involvement of the mTOR
pathway in the observed metabolic programming of liver.

mitochondrial bioenergetics were explored as a plausible ROS source.
Increased proton leak may be evidence of an early protective mitochondrial mechanism against increased ROS production. Therefore, the
microvascular dysfunction in the F1 generation that results from gestational ENM exposure may be associated with mitochondrial impairments. NIH-K99-ES024783 (PAS); R01-ES015022 (TRN); R56-HL128485
(JMH); NSF-1144676 (TRN, ABA, QAH)

2225 Gestational BPA, but Not BPS, Modulates

Endoplasmic Reticulum Stress and Enhances
Adipogenic Differentiation of Fetal
Preadipocytes in a Sex-Specific Manner

Y. Pu, and A. Veiga-Lopez. Michigan State University, East Lansing,
MI.
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Evidence supporting the obesogenic nature of bisphenol A (BPA)
is based on in vitro exposures or a static evaluation of adipose tissue
upon in vivo exposures failing to explain the mechanisms by which BPA
induces an obesogenic phenotype. A recent study shows that bisphenol
S (BPS), can also enhance adipogenesis in vitro. Because endoplasmic
reticulum (ER) stress can modulate adipogenesis, we aim to study 1) prenatal BPA and BPS exposure can enhance adipogenic potential of fetal
preadipocytes and 2) if ER stress plays a role in programming an obesogenic phenotype. Pregnant Dorsett-Polypay sheep were given daily
s.c. injections of corn oil (control; C), BPA, or BPS (0.5 mg/kg; internal
fetal dose ~2.6ng/ml unconjugated BPA) from gestational day (GD) 30
to 100. At GD120, fetal body weight (BW) was assessed and perirenal
adipose tissue harvested and enzyme-digested to isolate fetal preadipocytes (3 cell lines/sex/group). All cell lines were induced to differentiate (passage 3) for 8 days. Differentiation was assessed by Oil red O
(ORO) stain (at day 8) and qRT-PCR (at days 0, 2, 4, 6, and 8). ER stress
was evaluated using qRT-PCR. Fetal BW was similar among groups.
Prenatal BPA, but not BPS, enhanced preadipocyte differentiation only
in female cell lines (ORO stain: C: 20% vs. BPA: 70%; P<0.05). Enhanced
adipogenesis was confirmed by elevated mRNA expression of early (C/
EBPα, PPARγ) and late (LPL, ADIPOQ, and FABP4) adipogenic genes at day
8 (C vs. BPA: 2 to 4 fold change; P<0.05). Adipogenesis was accelerated in
female BPA cell lines that peaked in adipogenic gene expression on day
4 of differentiation compared to C cell lines. Before differentiation, BPA
female preadipocytes had higher ER stress as shown by upregulation
of HSPA5 and its downstream genes of the unfolded protein response
(UPR) pathway PERK, IRE1α, CHOP10, Xbp1s, and Wnt10b compared to C
female cell lines (P<0.05). We demonstrate for the first time how in vivo
gestational exposure to BPA, at a relevant internal dose exposure, can
enhance the adipogenic potential in the fetal preadipocytes lineage.
This suggests that BPA can reprogram the differentiation fate of female
preadipocytes and that ER stress may be involved in the modulation of
the adipogenic response. The sex-specific effect highlights the higher
susceptibility of females to BPA-induced enhanced adipogenesis and
potentially, a higher risk to develop obesity in adult life.

2226 Temporal Microvascular and Mitochondrial

Implications of Prenatal Nano-TiO2 Exposure

2227 Persistent and Transgenerational Metabolic

Effects of Developmental Arsenic Exposure in
C. elegans Deficient in Electron Transport Chain
Proteins

T. Leuthner, T. Luz, T. Waters, and J. Meyer. Duke University,
Durham, NC.
Arsenic remains one of the most ubiquitous drinking water contaminants. Epidemiological findings show that arsenic exposure causes detrimental health effects such as immune system and endocrine system
dysfunction, and cancer. Arsenic targets the mitochondria, which is
potentially related to observed health outcomes via effects on metabolism and ROS production. We hypothesized that mitochondrial stress
from early life exposure could result in persistent, altered metabolic profiles in C. elegans later in life, as well as in progeny. We exposed C. elegans
strains deficient in electron transport chain proteins to sodium arsenite
during development and measured growth, reproduction, and ATP
levels throughout life. Though mutants varied in sensitivity, all strains
showed at least a two-fold reduction (p < 0.01) in ATP levels after exposure to 0.5mM sodium arsenite. Interestingly, this persists throughout
life (fold-change various among strains, though p < 0.05). In order to
understand the potentially mito-hormetic effect of an early life exposure, aged C. elegans were exposed again to only 0.1mM sodium arsenite. Response varied among strains, but overall there was a decrease
in sensitivity to a secondary exposure to sodium arsenite (20-10%, p <
0.05). We also found a strain-specific, significant decrease in reproduction (ranging from 90-50% reduction, p < 0.05). Finally, in order to test
for transgenerational effects, progeny were examined for relative ATP
levels. Surprisingly, results show that progeny of C. elegans exposed to
sodium arsenite have higher ATP levels (more than two-fold, p < 0.01)
than those that were not, except in the wildtype. It is possible that epigenetic re-programming results in overcompensation of oxidative phosphorylation and overall mitochondrial function, in which progeny “bethedge” a stressful environment. However, when progeny are exposed
to sodium arsenite, there is still an almost two-fold (p < 0.01) decrease
in ATP compared to controls. Therefore, the transgenerational effects
could depend on the timing of the exposure or could manifest in other
phenotypes that may give insight into health effects observed in human
populations exposed to arsenic over generations.

2228 Differential Gene Expression and Pathway

Analysis in an Adult Japanese Population
Exposed to Inorganic Arsenic in Early Childhood

P. Stapleton2, A. Abukabda3, C. Nichols1, Q. Hathaway3, S. Rellick3,
C. McBride3, J. Yi3, J. Hollander3, and T. Nurkiewicz3. 1NIEHS,
Durham, NC; 2Rutgers University, Piscataway, NJ; and 3West
Virginia University, Morgantown, WV.

E. Tokar2, A. Merrick2, D. Phadke2, R. Shah2, M. Waalkes2, P.
Grandjean1, and T. Yorifuji3. 1Harvard School of Public Health,
Boston, MA; 2NIEHS, Research Triangle Park, NC; and 3Okayama
University, Okayama, Japan.

Exposure to engineered nanomaterials (ENM) during pregnancy contributes to the development of a hostile gestational environment. The
Barker Hypothesis theorizes that development is such an environment
may influence fetal programming, impacting cardiovascular health later
in life. To assess the microvascular and mitochondrial consequences
of ENM exposure during gestation, pregnant female Sprague Dawley
rats were exposed to nano-TiO2 aerosols (10.4 ± 0.1 mg/m3 for 4 hours,
aerodynamic diameter of 136.5 ± 1.4 nm, calculated daily pulmonary
deposition of 39.7 ± 1 µg, initiated on gestational day 5.78 ± 0.13 for 7.78
± 0.26 days of the remaining pregnancy). Progeny were evaluated at
fetal, neonatal , weanling , juvenile, and young adult ages. Microvascular
reactivity was assessed via isolated microvessels where the arterioles of
the tail (fetal, neonate) or heart (weanling, juvenile, adult) were excised,
and reactivity was chemically stimulated: acetylcholine (ACh, 10-9-10-4
M), spermine-NONOate (SPR, 10-9-10-4 M), and phenylephrine (PE, 10-910-4 M). Significant temporal variations were found between control and
exposed progeny. Cardiomyocytes were isolated and mitochondrial
bioenergetics were analyzed using a Seahorse XF96. Cardiomyocytes
(seeded at 65K) had decreased fetal basal respiration (-24.4% ± 4.4) and
significant proton leak at the fetal (98.6% ± 3.3) and neonatal (43.6% ±
2.1) ages over control. In a subset of adult epicardial arterioles, antioxidants TEMPOL (1 × 10-4 M) and catalase (50 units/mL) were added to
the superfusion bath, leading to an improvement of endothelium-dependent (ED) reactivity. Oxidative stress (ROS) leading to nitric oxide
scavenging has been a consistent theory of ED dysfunction. In this study,

Early-life exposures to arsenic can increase risks of cancer, respiratory
illnesses, cardiovascular disease, and obesity later in life, and affect
immune function, fetal growth and childhood intelligence. Here, we
analyzed blood and urine samples from a unique Japanese cohort
acutely exposed as neonates to inorganic arsenic (iAs) in contaminated
milk powder. RNA-sequencing and methylated DNA data analyses identified differentially expressed genes (DEGs) and differentially methylated
regions (DMRs) in exposed individuals compared with population-based
controls. Ingenuity Pathway Analysis (IPA) identified pathways and top
diseases associated with DEG data. We found 255 DEGs (22 up-regulated, 233 down-regulated) in iAs-exposed individuals compared with
controls. Of the ten DEGs showing the highest fold change, eight (IFI27,
DEFA4, DEFA1B, HLA-DRB5, SLC12A1, CCL3L1, OLR1, MMP8) are associated with immune signaling and host defense mechanisms. Top disease
types associated with the DEGs included immunological, infectious, and
respiratory diseases. Pathways associated with the DEGs include EIF2
signaling, oxidative phosphorylation, mitochondrial dysfunction, and
airway pathology in chronic obstructive pulmonary disease. Analysis of
genes located closest to the 290 DMRs identified signaling pathways
in T lymphocytes, TWEAK, OX40, and apoptosis, and transcriptional
regulation of embryonic stem cells. Top disease types associated with
DMR-proximate genes include infectious diseases, and hereditary and
developmental disorders. We found 96 DMRs in males and 80 DMRs in
females, with 12 DMRS in common. Diseases associated with DMRs and
nearby genes in males included neurological disease, developmental

2229 Association between Cord Blood PBDEs Levels
and Placenta DNA Methylation in Chinese
Newborns

Y. Zhao, and Y. Zhang. Fudan University, Shanghai, China.
Background: In utero polybrominated diphenyl ethers (PBDEs) exposure
has been associated with adverse fetal growth. Alterations in placental
DNA methylation might mediate those adverse effects. Objectives: To
examine the associations between in utero PBDEs exposure and DNA
methylation in human placenta. Methods: Eighty apparently healthy
mother-newborn pairs delivering at the Second Affiliated Hospital of
Wenzhou Medical College were enrolled in this study. Placental DNA
methylation of LINE1, NR3C1 and IGF2 was measured by quantitative
polymerase chain reaction-pyrosequencing. In utero PBDEs exposure
was assessed by measuring umbilical cord blood PBDEs concentrations.
Results: For LINE-1, higher levels of BDE-66 exposure were associated
with decreased DNA methylation (β=-0.9, 95% CI, -1.8 to -0.1); For NR3C1,
BDE-153 concentrations was significantly inversely associated with DNA
methylation (β=-2.0, 95% CI, -3.7 to -0.2); For IGF2, elevated concentrations of both BDE-153 (β=-1.7; 95% CI, -3.0 to -0.4) and BDE-209 (β=-1.0;
95% CI, -1. 9 to -0.1) were significantly associated with decreased DNA
methylation. Conclusions: We found placental DNA methylation is associated with in utero PBDEs exposure. Changes in placental DNA methylation might be part of the underlying biological pathway between in
utero PBDEs exposure and adverse fetal growth.

2230 Risk Analysis of Fetal Exposure of PCBs with

‘Omics Analysis Using Maternal Blood, Umbilical
Cord, and Cord Blood in Birth Cohort Study

C. Mori, A. Eguch, K. Sakurai, and E. Todaka. Chiba University, Chiba
City, Japan. Sponsor: M. Eddy.
Background and Purpose: In the previous studies, we have reported that
environmental contaminants such as PCBs were detected in maternal
blood, umbilical cord (UC) and cord blood. A birth cohort study, Chiba
Study of Mother and Children’s Health (C-MACH), focusing on environmental health effects on fetuses and involving multiomics analysis has
been conducted since 2014 (BMJ open, 6(1), e010531). To see the effects
of PCBs exposure on mothers and fetuses, the relationship between
maternal blood PCB level and the status of microbiome, metabolome
and DNA methylation in UC were investigated. Methods: Informed consents were obtained from all the participants. Human serum samples (93
maternal sera and 12 UC sera) and UCs were collected from the participants in Chiba Prefecture, Japan. Serum concentrations of PCBs were
analyzed using the gas chromatography electron capture negative ionization qMS (GC-NICI-qMS) procedures. The 16S rRNA metagenome analysis of maternal stool samples and DNA methylation assays of umbilical
cord samples were performed. Serum concentrations of ionic metabolites (263 metabolites) were analyzed using the Hydrophilic Interaction
Chromatography-Tandem Mass Spectrometry (HILIC-MS/MS) procedures. The metabolome profiles between the lowest PCB exposure quartile group (Q1) and the highest exposure quartile group (Q4) of maternal
sera were compared, and metabolome set pathway enrichment analysis
was carried out. This study was approved by the Biomedical Research
Ethics Committee of the Graduate School of Medicine, Chiba University
(ID 451, 462, 502). Results and Discussion: The mean concentration of
total PCBs in materenal sera was 420 pg g-1 wet weight. In UC sera, the
mean was 120 pg g-1 wet weight (UC-Q1: 60 pg g-1 wet weight, UC-Q4:
180 pg g-1 wet weight). In the preliminary analysis, total PCB level and
one genus of gut microbiome showed positive correlation. In addition, the proportion of Firmicutes in the maternal gut were associated
with DNA methylation levels of some diabetes-associated genes in UC
samples. The enrichment analysis found that serum PCBs concentration
was related to some pathways including energy metabolism pathway in
both maternal and UC sera. These findings suggest that PCB exposure
might affect not only the microbiota components of mothers, but also
the epigenetic or metabolomics changes in fetuses.

2231 Seasonal Variations in the Levels of PAH-DNA
Adducts in Newborns

J. A. Maciel-Ruiz2, C. López Rivera2, R. Robles1, M. G. VelozMartínez1, P. Petrosyan2, and M. E. Gonsebatt2. 1Hospital de
Gineco-Obstetricia 3 “Dr. Víctor Manuel Espinosa de los Reyes
Sánchez, Mexico, Mexico; and 2Universidad Nacional Autonoma
de Mexico, Mexico, Mexico.
Polycyclic aromatic hydrocarbons (PAHs) in the particulate matter (PM)
such as such as PM10 and PM2.5 are present in Mexico City Metropolitan
Area (MCMA) air pollution. Due to climate conditions MCMA has
important yearly variations in PM levels. High levels of air pollution are
present during the dry and cold season (November-May) while a significant reduction occurs during the rainy season (June-October). We have
shown that this seasonal variation is reflected in the levels of PAH-DNA
adducts observed in leucocytes from young volunteers participating in
a longitudinal study. Some PAHs are carcinogens that can cross the placenta and induce DNA damage in the newborns (NB). To investigate if
the presence of PAH-DNA adducts in NB could be associated to the seasonal variation of PM levels reported during the dry and rainy seasons,
we obtained blood samples from mothers and cord blood. At the same
time, we investigated the association of DNA adducts allelic variants
of risks such as CYP1B1*3, GSTM1*0 and MGMT L84F. For this study we
recruited pregnant women attending the Hospital de Gineco-Obstetricia
3 at La Raza Medical Center. Mothers were between 19-35 years old,
who remained in MCMA for the last 3 months of their pregnancy.
Quantification of PAH-DNA adducts was performed by 32P-postlabeling
assay. PCR-RFLP was used to genotyping allelic variants of CYP1B1,
MGMT genes and multiplex PCR for GSTM1 gene. There are significant
differences between the levels observed in both seasons for mothers
and NB. Moreover, NB showed higher levels of PAH-DNA adducts than
their mothers during the dry season. There is a significant linear correlation between mother’s and NBs’ PAH-DNA adducts levels. Finally, there
is DNA damage was not correlated with any polymorphism. We also
observed a positive association between the levels of PAH-DNA adducts
and CYP1B1*3 heterocygotes, in the dry season, considering the NB genotype. In summary, the PAHs associated with PM in the MCMA can cross
the placenta inducing PAH-DNA adducts in NB, who are born with a
higher internal dose of PAH during the dry than during the rainy season.
(Financial Support: PAPIIT UNAM 208914, CONACYT 219887, Programa
Salud y Ambiente)
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2232 In Vitro Biotransformation of Vinclozolin by
Human Liver Microsomes

M. Cruz-Hurtado, M. L. López-González, D. C. Escobar-Wilches, and
A. Sierra-Santoyo. Cinvestav-IPN, Mexico City, Mexico.
Vinclozolin (V) is an anti-androgenic fungicide used to inhibit rottenness
in economically important crops. V is non-enzymatically hydrolyzed to
2-[[(3,5-dichlorophenyl)-carbamoyl]oxy]-2-methyl-3-butenoic acid (M1)
and 3’,5’-dichloro-2-hydroxy-2-methylbut-3-enanilide (M2). V, M1, and
M2 are classified as endocrine disruptors by competitively inhibiting the
androgen receptor in several species. In the rat, several cytochrome P450
(CYP) enzymes are involved in V, M1, and M2 biotransformation. V and
its metabolite 3,5-dichloroaniline (M3) have been detected in human
biological samples; however, the information about its metabolism and
toxicity in humans is very limited. The objective of this study was to characterize in vitro V, M1 and M2 metabolism by human liver microsomes
(HLM). V, M1 or M2 were incubated with adult male HLM in phosphate
buffer pH 7.4 and 1 mM NADPH at 37°C during 30 min. Metabolites generated in the enzyme reaction were analyzed by HPLC/DAD/MSD. V was
metabolized to metabolites 3-(3,5-dichlorophenyl)-5-methyl-5-(1,2-dihydroxyethyl)-1,3-oxazolidine-2,4-dione] (M4) and [N-(2,3,4-trihydroxy2-methyl-1-oxo)-3,5-dichlorophenyl-1-carbamic acid] (M7), which were
gradually converted to 3’,5’-dichloro-2,3,4-trihydroxy-2-methylbutylanilide (M5). M4 and M5 co-eluted in the same peak in chromatograms. The
enzyme kinetics for V metabolites exhibited a non-Michaelis-Menten
kinetic. Ketoconazole, furafylline, quinidine and sulphaphenazole
inhibited M4/M5 and M7 formation in a range from 35 to 85%. M2 was
metabolized to metabolites M5 and M3. On the other hand, M1 was not
metabolized by HLM. Results of this study indicate that V is metabolized in vitro to M4 and M7, which are unstable intermediary metabolites
and are transformed to M5. V biotransformation is CYP-dependent and
CYP3A4, 2C9, 2D6 and 1A2 may be the main enzymes involved in its
biotransformation. M5 is the most stable metabolite and may be used as
a biomarker of exposure of V in humans. (Funded by Conacyt No. 168384)
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and hereditary disorders, and organismal injury and abnormalities.
Female-associated categories included embryonic, organismal, and
tissue development, neurological disease, and reproductive system
development and function. These preliminary results demonstrate that
whole genome analysis of blood reveals acute, early-life exposure to
iAs can have wide-ranging effects and impact life-long disease risks in
humans.

2233 Evaluation of the Metabolism of Azo Dyes

and Its Effects on the Staphylococcus aureus
Metabolome

J. Sun, J. Jin, R. D. Beger, C. E. Cerniglia, and H. Chen. US FDA/NCTR,
Jefferson, AR.
Dyes containing one or more azo linkages are widely applied in cosmetics, tattooing, food, pharmaceuticals, printing inks, plastics, leather
as well as paper industries. It has been reported that human bladder
carcinogens may be produced from the reduction of the azo dyes by
microbial and mammalian azoreductases. In order to comprehensively
investigate azo dye-induced toxicity, it is very critical to understand the
metabolic activation of azo dyes at the systems biology level. In this
study, an LC/MS-based metabolomics approach was employed to globally investigate azo dye metabolism by S. aureus as well as its effects on
the metabolome of the bacterium. S. aureus was inoculated into Brain
Heart Infusion (BHI) medium containing DMSO (control vehicle), 10
µg/ml Sudan III (containing two azo bonds) or Orange II (with one azo
bond) at 37oC for 18 h without agitation. The cell pellet (~1010 cells) and
culture medium supernatants after protein precipitation were evaluated using UPLC/QTof-MS system (Waters, Milford, MA). Metabolomics
results showed that Sudan III was metabolized to 4-(phenyldiazenyl)
aniline (48%), 1-[(4-aminophenyl) diazenyl]-2-naphthol (4%) and eicosenoic acid Sudan III (0.9%). These findings indicated that the azo bond
close to naphthalene group of Sudan III was preferentially cleaved compared with the other azo bond. The detection of the coupled eicosenoic
acid with Sudan III could indicate Sudan III was transferred into the cells
through hydrogen-bonding with eicosenoic acid. Much more Orange
II (~90 x) were measured in the cell pellets from the active viable cells
compared with those from boiled cells incubated with the same concentration of Orange II. This finding suggests that Orange II was transported
into the S. aureus cells for metabolism, instead of the theory that the
azo dye metabolism occurs extracellularly on the cell membrane or in
the culture medium. In addition, the metabolomics results showed that
Sudan III affected energy pathways of S. aureus cells, while Orange II
had less noticeable effects on the cells. In summary, our metabolomics
study provided novel information regarding azo dye metabolism by the
skin bacterium, the effects of azo dyes on the bacterial cells and the
important role on the toxicity and /or inactivation of these compounds
due to microbial metabolism.
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2234 Cytotoxicity of 12-Sulfoxynevirapine
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J.-L. Fang, Y. Wu, L. Loukotková, P. Chitranshi, G. Gamboa da Costa,
and F. A. Beland. US FDA/NCTR, Jefferson, AR.
Nevirapine is a non-nucleoside reverse transcriptase inhibitor used in
the treatment of AIDS and the prevention of mother-to-child transmission of HIV-1. Although nevirapine currently remains one of the most
prescribed antiretroviral drugs in the developing countries, it can cause
serious skin rashes and hepatotoxicity. Previous studies have indicated
that 12-sulfoxynevirapine, a benzylic sulfate of 12-hydroxynevirapine
formed by human sulfotransferases (SULTs), may play a causative role in
nevirapine hepatotoxicity. In this study, the role of 12-sulfoxynevirpine in
the hepatotoxicity of nevirapine was investigated. 12-Sulfoxynevirapine
was reacted with GSH, cysteine, and deoxynucleosides. More extensive
reactions occurred with GSH and cysteine compared to deoxynucleosides. GSH, cysteine, and deoxycytidine each gave a single product,
while two products were detected from deoxyguanosine and thymidine. Of the 12 known human SULTs, no detectable 12-sulfoxynevirapine was observed with SULT1A3, SULT1C2, SULT1C3, SULT2B1,
SULT4A1, or SULT6B1. As determined by the Vmax/Km ratio, SULT2A1
had the highest overall 12-hydoxynevirapine sulfonation activity.
12-Sulfoxynevirapine was more cytotoxic than 12-hydroxynevirapine
to HEK293 cells; however, only low levels of 12-sulfoxynevirapine were
detected in HEK293/SULT2A1 cells treated with 12-hydroxynevirapine
and there were no differences in cytotoxicity among HEK293, HEK293/
SULT vector, and HEK293/SULT2A1 cells exposed to 12-hydroxynevirapine. These data demonstrate that 12-sulfoxynevirpine can react with
DNA and protein, but that the adducts may play a limited role in the
toxicity of nevirapine due to the limited conversion of 12-hydroxynevirapine to 12-sulfoxynevirapine.

2235 Development of a High-Content Gene

Quantification Assay to Assess the Effect of
Compound-Mediated Changes in Admetox Gene
Regulation in Human Hepatocytes: A New Tool
for the Identification of Potential Early Toxicities
and Drug-Drug Interactions

G. Webber. Envigo, Huntingdon, United Kingdom. Sponsor: L.
Coney.
We are developing a high-content gene quantification screening assay to
assess early drug-mediated changes in ADMETOX genes using cultured
human hepatocytes. This publication highlights our validation data to
date using a selection of both small and large molecule (cytokine) controls. Cytokines were tested individually (125 pg/mL) and as part of cocktails of increasing concentration (20,000 pg/mL). Target CYP genes were
- CYP1A1, 1A2, 2A6, 2B4, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, 3A4, 3A5 Target
UGT genes - UGT1A1, 1A3, 1A4, 1A6, 1A9, 2B4, 2B7, 2B10, 2B15 Target
Transporter genes - P-GP, BCRP, BSEP, MRP1, MRP2, OATP1B1, OATP1B3,
OCT1, OCT2, OAT1, OAT2, OAT3, MATE1, MATE2-K. Hepatocytes were
exposed to the control compounds for 72 hours. Results Data is presented as (X) fold increase/decrease vs solvent control response. Results
- Small molecules - As anticipated, the prototypical CYP inducing agents
Omeprazole, Phenobarbital, Rifampicin, α-Napthaflavone and CITCO
effected up-regulation of CYP genes. In line with their typical human
induction profiles, maximum up-regulation was observed as follows Omeprazole CYP1A1 (14) and CYP1A2 (31), Phenobarbital (6), Rifampicin
(5), α-Napthaflavone CYP1A1 (16) and CYP1A2 (40) and CITCO CYP2B6
(5). More minor cross-talk with other CYP activities were also observed
with each compound. UGT1A enzymes were also up-regulated by each
compound, with UGT1A1 being most sensitive (5-7). Down-regulation
of CYP genes was not observed with small molecules apart from with
Rifampicin and CYP2E1 (0.26). Down-regulation of transporter genes
was not observed with any compound. The hepatotoxin diclofenac and
general proliferation agent sodium butyrate had no effect on any gene
activity investigated. Cytokines - As anticipated, the major effect mediated by exposure to cytokines was a down-regulation of all CYP, UGT
and transporter genes in a concentration-related manner, such that at
the highest concentrations of cytokines (500 - 20,000 pg/mL, CCC) most
CYP, UGT and Transporter genes were markedly down-regulated (0.03
- 0.25) indicating a classic inflammatory response. Conclusions: These
data support the further development and application of high content
gene quantification assays in early discovery and lead optimisation as
identifiers of potential drug-mediated up and/or down-regulation of
important ADMETOX genes.

2236 Xenobiotic Metabolism Benchmarking of Tox21
Cell Lines

W. Qu, M. DeVito, and S. Ferguson. NIEHS, Research Triangle Park,
NC.
The Tox21 Program (http://ntp.niehs.nih.gov/results/tox21/index.html)
has studied thousands of chemicals in high throughput screening
assays. However, these models have been purported to be devoid of
xenobiotic metabolism, limiting their utility to model chemical toxicity potential. In this study we have measured the xenobiotic metabolism competence of 3 major drug metabolizing enzymes (collectively
important for > 60% of drugs) in Tox21 cell lines (i.e., HepG2, BG1-Luc
4E2, HEK293, Hela, HCT116, ME180, CHO-K1, GH3.TRE-Luc, C3H10T1/2
and MCF-7aroERE) using clinically-prescribed drug substrates phenacetin, bupropion, and midazolam. To provide physiological context to
these metabolic activities, suspensions of primary human hepatocytes
(PHH) were also evaluated (50-donor pool). PHH suspensions are widely
recognized as the ‘gold standard’ model system to predict hepatic drug
metabolism in humans as they retain in vivo-expressed enzymes (i.e.,
cytochromes P450) in the initial minutes/hours post isolation from
human liver tissue. For both PHH suspensions and Tox21 cell lines, multiple substrate concentrations and time points were assessed to derive
apparent Km and Vmax values to detect metabolite production in the
time frame of Tox21 assays. PHHs and Tox21 cell lines were incubated
at ~50,000 cells/well with probe substrates phenacetin, bupropion,
and midazolam (individually). LC-MS/MS assays were performed to
quantify acetaminophen (CYP1A2), hydroxybupropion (CYP2B6), and
1-hydroxymidazolam (CYP3A4/5/7). From these data, PHHs produced
robust levels of P450 activities with apparent Km (µM) and Vmax (pmol/
min-million cells) values of 51.9 & 94.9 (CYP1A2), 98.5 & 160 (CYP2B6),
and 0.17 & 214 (CYP3A4/5/7), respectively. In stark contrast, Tox21 cell
lines produced miniscule levels of enzymatic activity that were only
detectable after 24h. Of the Tox21 cell lines, HepG2 cells produced
the highest enzymatic activities (0.22, 0.014, and 0.016 pmol/min-million cells for acetaminophen, hydroxybupropion, and 1-hydroxymid-

2237 A Resazurin to Resorufin Assay for Reactive Acyl
Glucuronides Reveals a Bromfenac Metabolite
Glucuronide

Singh2,

Wong2,

Yan2,

Mettu1,

Qu2,

N. Hari
J. Y.
W. H.
V. S.
Y.
Q. W. Ngo2, C. W. Ng3, P. K. S. Koh3, Y. Zhou4, H. Yu3, A.
Ananthanarayanan2, and M. K. McMillian2,3,. 1Biological Resource
Centre, A*STAR, Singapore, Singapore; 2Invitrocue Pte Ltd,
Singapore, Singapore; 3National University Health System,
Singapore, Singapore; and 4National University of Singapore,
Singapore, Singapore. Sponsor: M. Johnson.
Bromfenac, a withdrawn idiosyncratic hepatotoxicant, is speculated to
produce a reactive acyl glucuronide (RAG), although such conjugates
are never observed in patients, animals or cultured hepatocytes. In a rat
hepatocyte resazurin assay to screen for RAGs, bromfenac surprisingly
produced a massive response after 24 hours, but not at an hour, suggestive of a metabolite. Effects were observed at the lowest concentrations
(~1 µM) tested. Human hepatocytes responded similarly but metabolism-poor HepG2 cells did not. Bromfenac conditioned media produced
an identical response in naïve rat hepatocytes and in HepG2 cells. The
response was blocked by carbonyl trapping agents, and inhibition by
borneol and β-glucuronidase indicate involvement of a RAG. Bromine
lacking amfenac produced an identical response, but ketoprofen, sharing
the benzophenone structure, had minimal effect; the lactam ring thus
appears important in the effect.The delay in the bromfenac response
appears to be metabolism to the lactam dione, which was much more
effective than bromfenac at one hour, about as effective at 24 hours, and
more potent than bromfenac in this assay. It seems likely that the lactam
dione opens to the bromfenac keto acid and glucuronidation yields an
extremely reactive acyl glucuronide. The inability to detect bromfenac
acyl glucuronides and bromfenac keto acid glucuronides by LC/MS suggests most of the glucuronides are obscured by endogenous peaks or
are covalently bound. Any covalently bound bromfenac metabolite glucuronides must be quickly reversible; the pronounced acute effects of
bromfenac conditioned media suggest the RAGs or their metabolites
are rapidly taken up into the cells where they interact with resazurin to
form resorufin. NSAIDs are well known to interact with many enzymatic
pathways, but this robust response appears unique to bromfenac and
amfenac. Although acutely well handled by healthy hepatocytes, further
studies are required to determine if this response is involved in hepatotoxicity of bromfenac observed in patients.

2238 Advantages and Limitations of Combining

Metabolite Identification with Quantitative
Analysis Using the QTrap 6500 Mass
Spectrometer

R. Mingoia2, M. Zhang1, D. Nabb2, and H. Peterson2. 1DuPont Crop
Protection, Newark, DE; and 2DuPont Haskell Global Centers for
Health & Environmental Sciences, Newark, DE.
Samples from metabolism rate assays are normally very dilute and rarely
useful for metabolite identification (Met ID). The Qtrap 6500 triple quadrupole and ion trap functions coupled with fast scan speed provide the
sensitivity to combine the quantitative MRM scan and data-dependent
ms/ms fragmentation in a single sample injection. Met ID in discovery
stage can provide insight for SAR to help candidate optimization.
Combining the rate of degradation/metabolism with Met ID can also
provide information on the dynamics of metabolite formation. This
study was designed to evaluate the utility and limitations of combining
MRM quantitation with one of the following data dependent Met ID
scan modes in the routine 3-min LC/MS run: MRM plus full scan triggered
data dependent ms/ms (MRM+EMS_EPI); MRM plus precursor triggered
data dependent ms/ms (MRM+Precusor_EPI); and MRM plus predicted
MRM (pMRM) triggered data dependent ms/ms (MRM+pMRM_EPI). Test
substances used in this study were oxathiapiprolin, indoxacarb, metaflumizone, flupyrsulfuron methyl and hexazinone. Rat hepatocytes at
2 million cells/mL were incubated with 2.5 µM of each test substance.
After the incubation was terminated with 10x volume of acetonitrile, a
2-µL aliquot sample was analyzed with Qtrap 6500 using one of these
combined scan modes. These scan modes were evaluated by comparing their limit of detection, limit of quantitation, linearity, dynamic
range, accuracy, precision and reproducibility, and the metabolite ID
quality, such as number of metabolites detected and the quality of ms/

ms spectra. Although the long duty cycle in pMRM scan makes it difficult
to have enough data points for peak integration in the routine 3-min
LC/MS run, our results demonstrate that the Qtrap 6500 is capable of
generating good quality quantitation and metabolite ID from a single
injection which was comparable to the quantitation by MRM only.

2239 Comparative Multispecies In Vitro Metabolism of
C-Picoxystrobin in Hepatocytes

14

Nabb2,

D.
M. Mawn1, M. Himmelstein2, A. Brown1, and K. Bentley1.
1DuPont Crop Protection, Newark, DE; and 2DuPont Haskell
Laboratory, Newark, DE.
The in vitro metabolism of 14C-Picoxystrobin was investigated in human,
rat, mouse, dog and rabbit hepatocytes to meet new EU data requirements for support of product registration. The objective was to identify metabolites unique to the human species at 5% of dose or greater
relative to the other test species. The pooled cryopreserved hepatocytes were from male human (n=10), Sprague Dawley rat (n=18), CD-1
mouse (n=36), beagle dog (n=3) and New Zealand white rabbit (n=4).
Experiments were performed using 14C-picoxystrobin: [phenyl-14C(U)]
picoxystrobin and [pyridine-3-14C]picoxystrobin. The cell viability by
Trypan blue exclusion prior to the start of incubations ranged from
79 to 92%. Incubations conditions were 1 mL containing 2x106 cells/
mL at 37°C. Reactions were started by addition of 5 µL of dose stock
solution. The starting incubation concentrations were 16 and 17 µM
for each radiolabel, respectively. Incubations were terminated at 10
and 60 minutes by the addition of 1 mL of ice cold methanol. Specific
endpoints included percent radioactive recovery, extraction efficiency, and identification and quantitation of metabolites as percent
of applied radioactive dose. The profile of metabolites was characterized in the extracts by HPLC mass spectrometry in conjunction with
in-line HPLC 14C-radiochromatography and retention time match with
available metabolite reference standards. The metabolite profile of
14C-picoxystrobin in the human species was compared to the profile for
the rat, mouse, dog and rabbit species. The parent picoxystrobin and 12
metabolites (13 components total) were identified and quantified in the
human species across both labels and time points. Three metabolites
were quantified at a level of 5% or greater in the human species samples
compared to the other species. No unique human metabolites were
identified. The conservation of the picoxystrobin metabolite profile
across species provides weight-of-evidence that metabolite formation
maintained parity during toxicity testing in selected test species.

2240 Mechanistic Role of Phase I Metabolic Enzymes
in Polycyclic Aromatic Hydrocarbon-Mediated
Lung Tumorigenesis

G. Gastelum, A. Veith, W. Jiang, L. Wang, and B. Moorthy. Baylor
College of Medicine, Houston, TX.
Rationale: Lung cancer is the leading cause of cancer-related deaths
in the United States, accounting for 156,000 deaths in 2013 alone.
Approximately 90% of lung cancer cases are estimated to be caused
by tobacco smoking, with another 1-2% correlating with outdoor air
pollution. Both of these chemical mixtures contain polycyclic aromatic
hydrocarbons (PAHs), a group of chemicals that are known to increase
the risk of lung cancer in humans. . Phase I metabolism enzymes, specifically cytochrome P450 (CYPs) enzymes act as monooxygenases to
promote detoxification of PAHs. The CYPs, especially those belonging
to the 1A/1B family, also catalyze the bioactivation of PAHs, leading
to the formation of reactive intermediates that can covalently bind
to DNA to form mutagenic DNA adducts. While previous studies have
given insight into how PAHs interact with metabolic enzymes, further
investigation into the specific mechanisms behind PAH-mediated lung
tumorigenesis need to be elucidated. Hypothesis: In this investigation,
we tested the hypothesis that liver-specific CYP reductase (CPR)-null
mice would lack CYP-mediated metabolic activity and would display
altered regulation of CYP1A1/1A2 expression following exposure to
the PAH 3-methylcholathrene (3-MC). Methods: WT and CPR-null mice
were exposed to 3-MC via a single intraperitoneal injection. Liver and
lung tissues were harvested at 1, 8, and 15 days post exposure (n=3/
group). Microsome and cytosol fractions were isolated as well as RNA
samples. Ethoxyresorufin O-demethylase (EROD; CYP1A1) and methoxyresorufin O-demethylase (MROD; CYP1A2) assays were used to analyze
CYP1A enzyme activity. Western blot and qPCR were used to quantify
phase I and II metabolism protein and RNA expression levels. Results:
Our results thus far suggest that 3-MC is being metabolized in a CYP1independent fashion. Preliminary data shows that CPR-null mice have
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azolam, respectively), but required high substrate concentrations to
observe detectable metabolite concentrations. Taken together, these
data provide confirmation that existing Tox21 assay systems are indeed
incompetent for these major drug metabolizing enzymes, and provides
a framework to benchmark new models systems in the Tox21 Program.

prolonged NQO1 expression compared to wild-type controls (p=1.6x107). Conclusions: Our preliminary results suggest that an alternate phase I
metabolism enzyme is compensating for the lack of CYP1 activity in our
CPR-/- mice. Future studies will focus on alternate phase I enzymes such
as the Flavin-containing monooxygenases (FMOs).

2241 Selective Estrogen Receptor Modulators Inhibit
Lithocholic Acid Sulfation

S. Bansal, and A. J. Lau. National University of Singapore,
Singapore, Singapore.
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Lithocholic acid (LCA) is a hepatotoxic and carcinogenic bile acid, and
it has been reported to induce cholestasis. LCA is detoxified predominantly by sulfotransferase 2A1 (SULT2A1). Previously, clomifene and
tamoxifen, which are selective estrogen receptor modulators (SERMs),
were reported to inhibit the sulfation of dehydroepiandrosterone (a
SULT2A1 substrate) by human liver cytosol. Therefore, we hypothesized that SERMs inhibit LCA sulfation. To test the hypothesis, we determined the effect of tamoxifen (triphenylethylene class), toremifene
(triphenylethylene class), raloxifene (benzothiophene class), bazedoxifene (indole class), lasofoxifene (naphthalene class), and acolbifene
(benzopyran class) on LCA sulfation. The metabolite formation was
quantified by ultra-high performance liquid chromatography-tandem
mass spectrometry. At an equimolar concentration (10 µM), bazedoxifene, raloxifene, lasofoxifene, toremifene, acolbifene, and tamoxifen (in
decreasing order of efficacy) decreased LCA sulfation by human liver
cytosol and recombinant SULT2A1. Bazedoxifene, raloxifene, and lasofoxifene inhibited human liver cytosolic LCA sulfation with an IC50 of
0.21 ± 0.03, 0.28 ± 0.04, and 0.98 ± 0.12 µM, respectively. Enzyme kinetic
experiments indicated that bazedoxifene inhibited LCA sulfation with
an apparent Ki of 0.24 ± 0.04 µM and by mixed-partial mode, whereas
raloxifene (Ki = 0.53 ± 0.05 µM) and lasofoxifene (Ki = 0.84 ± 0.07 µM)
inhibited by full non-competitive mode. We also compared the inhibitory effect of structural analogues of bazedoxifene, lasofoxifene, and
toremifene. Bazedoxifene N-oxide and des(1-azepanyl)ethyl bazedoxifene inhibited LCA sulfation to a similar extent as that by bazedoxifene.
Hydroxylated and N-demethylated metabolites of toremifene inhibited
LCA sulfation to a similar extent as that by toremifene. In contrast, the
inhibitory activity of lasofoxifene was attenuated by changing the 7-OH
to 7-methoxy group or the removal of the O-ethylpyrrolidine group.
Overall, among the six SERMs investigated, bazedoxifene was the most
potent inhibitor of LCA sulfation. The findings provide an insight into
the structural elements of SERMs that play a role in the inhibition of LCA
sulfation. An implication of this study is that these SERMs may increase
LCA-induced toxicity.

2242 Xenobiotic Metabolizing Enzyme Expression in
Long-Term Three-Dimensional (3D) Culture of
Human Hepatocytes in Alginate-Hydrogels

predictions using case compounds known to have low clearance (e.g.,
warfarin). The data we collect will be used to establish our alginate-encapsulated culture system as a tool for human metabolism prediction to
support quantitative in vitro to in vivo extrapolation in chemical safety
assessment (supported by ACC-LRI).

2243 Utility of the GADD45a Genotoxicity Screening

Assays–A Review of 10 Years of Published Data

M.
S. Beasley1, and R. Walmsley1,2,. 1Gentronix Ltd, Alderley
Edge, United Kingdom; and 2University of Manchester, Manchester,
United Kingdom.
Tate1,

Validation data for the GADD45a based in vitro genotoxicity screening
assay, GreenScreen HC, was first published in 2006. This showed the
assay to have high sensitivity and improved specificity compared to
regulatory in vitro genotoxicity tests. Further studies have reported
developments to incorporate S9, the use of a luciferase reporter system
(BlueScreen HC) and GADD45a assay data from a range of applicability
domains. The GreenScreen HC (GADD45a-GFP) and BlueScreen HC
(GADD45a-luciferase) assays use TK6 cells, with compound exposure
conducted in 96-well microplates. This enables low compound requirement and high-throughput usage, which makes these assays ideally
placed for use as a 1st tier genotoxicity hazard screen. In the 10 years following initial validation of the assay, numerous studies have presented
data for GADD45a assays. Data from these studies were compiled and
the prediction of in vitro and in vivo genotoxicity test outcomes modelled to assess performance of the assays across published data. Both
GreenScreen HC and BlueScreen HC data were included, with 308
materials identified: 117 were GADD45a positive, 186 negative and 5
produced equivocal results. Prediction of Ames, in vitro micronucleus
test (MNT) and in vivo test outcomes were generated. In order to allow
comparable analysis between the in vitro tests themselves, the data set
was restricted to compounds which had data available in all tests: 198
compounds. GADD45a assays reported positive results for 80% in vivo
genotoxins, 75% Ames positives and 68% MNT positives. In contrast
the Ames test, often utilized as a 1st tier genotoxicity screen, produced
positive results for only 48% of in vivo genotoxins and 43% of MNT positives. Further analysis was conducted, modelling the dataset using a
screening cascade of GADD45a > Ames compared to Ames > MNT, with
positive results from each test excluded sequentially. From this, use of
the GADD45a assay would result in removal of 50% more in vivo genotoxins after the 1st tier, compared to use of Ames. Further to this finding,
76 / 106 in vivo negatives remained negative after GADD45a <Ames positives were removed, compared to only 57 / 106 for the Ames > MNT
combination. These findings demonstrate the continued utility of the
GADD45a assays in the screening for genotoxicity hazard.

2244 Expert Review of the Mutagenicity of

Carbamates–Using QSAR Predictions for ICH M7
Classification

P. Balbuena, D. Billings, L. Rao, E. Burgunder, J. R. Enders, M. B.
Phillips, and M. Yoon. ScitoVation, LLC, Research Triangle Park,
NC.

R. Hemingway. Lhasa Limited, Leeds, United Kingdom. Sponsor: C.
Barber.

Currently available in vitro methods for human metabolism need significant improvements to increase the accuracy of quantitative predictions
of chemical exposure and safety in vivo. To this end, we have designed
a 3D hepatocyte culture system as an improved in vitro metabolism
system using alginate-encapsulation technology in conjunction with a
few different dynamic culture methods. We have shown that the alginate-encapsulated primary human hepatocytes maintained viability up
to 28 days when cultured in dynamic conditions with or without flow.
This compares favorably to only a few hours for suspension culture of
primary hepatocytes, which is considered the current gold standard
for metabolism studies. The extension of cell viability can facilitate the
investigation of metabolism, particularly for low clearance compounds
that require extended incubation times. In order to evaluate whether
metabolic competence is retained over a similar time frame as cell
viability, quantitative reverse transcription polymerase chain reaction
(qRT-PCR) was performed to explore the time dependence of expression
of xenobiotic metabolizing enzymes (XMEs) in alginate-encapsulated
human hepatocytes. Using fresh cell suspensions as a benchmark comparison, we measured levels of CYP2E1, CYP1A2, CYP3A4, CYP2D6, and
CYP2C9 mRNA as markers for phase I metabolism, and levels of UGT2B7,
SULT1A1, and CES1 mRNA as markers for phase II metabolism. Our
results indicate only a slight drop in expression for the selected enzymes
(retaining at least 50% baseline activity on average) within a few days
post-encapsulation, followed by a rise to near reference levels by day
7 post-encapsulation for most enzymes, with further evidence for continued recovery over the following 14 days. We are further optimizing
the alginate-encapsulated 3D cell culture system and are demonstrating
the utility of this tool for improving the accuracy of human metabolism

ICH M7 provides guidelines for the assessment and control of mutagenic impurities in pharmaceuticals to limit potential carcinogenic risk
and allows the use of two complementary in silico systems to predict the
bacterial mutagenicity for given impurities. Assessment of the combination of results produced from using two in silico predictions has received
a lot of attention, a situation which is complicated when also considering confidence and the domain of applicability. Publications have
also suggested than an additional level of scrutiny is required for compounds predicted as negative from certain chemical classes. One area
of chemical space highlighted as a possible concern for mutagenicity is
for the chemical class of carbamates. This study outlines the impact of
applying additional scrutiny to this chemical class in a workflow aimed
at achieving ICH M7 classifications. Ames test results for 69 carbamates
were extracted from public datasets and processed in Derek and Sarah
Nexus. These complementary systems gave a high degree of sensitivity
as 24 out of 25 actives were detected by at least one of the two systems.
The negative predictivity was also high as 37 out of 38 non-mutagens
were correctly predicted as negative for bacterial mutagenicity. Expert
review of the literature was performed on the mutagenic compounds
where predictions were discordant. Analysis of the data highlighted
that no one mechanism could be attributed to the mutagenic chemicals
in this class and that previously published structural alerts are likely to
have been derived from the activity of low molecular weight carbamate
derivatives. Compounds of this type are capable of forming DNA reactive epoxides, however this mechanism is not applicable to the class of
carbamates as a whole. The investigation was extended to examine the
activity of carbamate protecting groups in proprietary Ames test datasets. The low prevalence of mutagenic carbamate protecting groups in

the datasets corroborated the findings from the public domain. Expert
review of public and proprietary data demonstrated that, in general,
carbamates are inactive in the Ames test. The QSAR assessment outlined
above performed accurately and therefore reducing the confidence
in the negative predictions would only hinder ICH M7 classification.
Workflows that help with ICH M7 classification can reduce the amount
of time spent on expert review, reduce unwarranted Ames tests and the
implementation of unnecessary control measures.

and inter-day assay variation met acceptable criteria. In conclusion,
WuXi AppTec is capable to provide the FCM analysis method for MN in
rats PB under GLP requirements; Blood samples should be transferred
into LTSS for at least 30 days storage; It is recommended to select 5 or 10
mg/kg CP in males and only 5 mg/kg CP in females for positive control.

2247 Retrospective Evaluation of Genetic Toxicity
Assays Performed in WuXi AppTec

Electronic Nicotine Delivery Systems (ENDS)
Aerosol Formers and Nicotine

P. N. Wiecinski1, B. G. Coffa1, W. P. Gardner1, M. Wells2, S. Hurtado2,
W. J. McKinney1, and K. M. Lee1. 1Altria Client Services, LLC,
Richmond, VA; and 2Charles River Laboratories, Skokie, IL.
Electronic nicotine delivery systems (ENDS) are generally comprised of a
power source, a heating element, an e-liquid reservoir, and an e-liquid.
E-liquids typically consist of aerosol formers (such as propylene glycol
and/or glycerol), nicotine, and flavors. As part of product stewardship
of e-liquids, a pilot study was conducted to characterize the inherent
biological activity of base formulations (aerosol formers with or without
nicotine) using a battery of standard in vitro assays: Ames mutagenicity,
neutral red uptake (NRU) cytotoxicity, and micronucleus (MN) genotoxicity. We first tested formulations of USP grade propylene glycol (PG),
glycerol (G), and a 50/50 PG/G mixture with and without nicotine (5%
nicotine by weight [NBW]), up to the maximum test article concentrations (100 µl/plate for Ames; 0.5% for NRU; 1% for MN). We then collected
aerosol condensates from an ENDS containing 50/50 PG/G mixture with
5% NBW on a glass fiber Cambridge Filter (CF) pad followed by a chilled
impinger containing absolute ethanol. We combined the contents of the
CF pad and impinger contents after aerosol collection, with the target
concentration of aerosol condensate of 30 mg/mL in ethanol. Each assay
was conducted in accordance with relevant OECD guidelines: The Ames
assay (OECD 471) was run using Salmonella typhimurium strains TA1537,
TA98, TA100, TA1535, and TA102 with and without metabolic activation.
The NRU assay (OECD129) was run with BALB/c 3T3 cells. The MN assay
(OECD 487) used TK6 cells under short (4 h) exposures with and without
metabolic activation and a long (27 h) exposure without metabolic activation. The nicotine concentration of formulations tested in the Ames
assay was adjusted (4-4.5% nicotine by weight) due to observed cytotoxicity at higher doses in some strains (i.e., TA100, TA1537). Propylene
glycol, glycerol, 50/50 PG/G in terms of formulation or condensates did
not elicit cytotoxic, mutagenic, or genotoxic responses as measured in
the assays and there was no meaningful difference in responses with or
without nicotine in formulation.

L. Gao, M. Chen, C. Xu, X. Xu, and B. Xu. Wuxi AppTec, Suzhou,
China; Wuxi AppTec, Suzhou, China. Sponsor: C.-E. Cheng.
When DNA is exposed to particular chemicals, mutations and other
damage can occur leading to cancer and/or teratogenic effects. The
severity of these effects then necessitates examining whether new or
existing chemicals intended for human use have any effect on DNA. Since
no single test is capable of detecting all relevant genotoxic endpoints, a
battery of in vitro and in vivo tests for genotoxicity is recommended by
regulatory agencies. In WuXi AppTec, we offered screening and regulatory genotoxicity assays. Screening battery includes mini-Ames assay
and microwell micronucleus assay (MNvit); regulatory battery usually
includes Ames, in vitro chromosomal aberration (CAA) and in vivo micronucleus assays. To better understand these assays, we retrospectively
evaluated the genetic toxicology data generated in WuXi AppTec. In our
laboratory, of 358 different classes of drug candidates tested mini-Ames
assay, about 12.0% were positive or equivocal. 22 compounds were
tested in both mini-Ames and Ames assays, with concordant results for
21 of them. Of 124 different classes of drug candidates tested in MNvit
in Chinese hamster ovary (CHO-WBL) cells, about 12.0% were positive
or equivocal, the ratio is close to the overall frequency of positive and
equivocal results (13.6%) in CAA in CHO-WBL cells. The overall frequency
of positive results in Ames was 5.1%, comprising 4 positive results of a
total of 78 compounds tested, 3 of positive were anti-cancer candidates
and another has altering structures. The overall frequency of positive
and equivocal results in CAA in CHO-WBL cells was 13.6%, comprising
4 positive and 2 equivocal results of a total of 44 compounds tested,
3 of the positive results could be explained based on known mechanisms, i.e., PARP inhibitors; one of the equivocal results was for anticancer candidate. Only one of a total of 22 compounds tested in CAA in
HPBL was positive with no known mechanism. Of 54 candidates tested
in rat bone marrow micronucleus, about 9.3% were positive, all positive
results could be explained based on known mechanisms such as PARP
inhibitors and cytotoxic agents, targeting on microtubule. Based on the
above analysis, the screening battery has a good predictive capability
with those of the standard assays. In the regulatory battery performed in
WuXi AppTec, most of studies are negative or positive/equivocal but can
be explained based on known mechanisms, even for in vitro cytogenetic
assay, less than 5% studies need to be followed up with the second in
vivo assays such as Comet.

2246 Micronucleus Analysis Method Validation of

Using Flow Cytometry in Rats Peripheral Blood

X. Xu, L. Gao, and M. Chen. Wuxi AppTec, Suzhou, China. Sponsor:
C.-E. Cheng.
Flow-cytometry (FCM) method is an automated scoring platform to
analyze micronucleus (MN) formation and is currently accepted in the
ICH-S2(R1) guideline and OECD TG 474. Although WuXi AppTec has
joined in the inter-laboratory validation of the in vivo micronucleus
assay using rats peripheral blood (PB) based on FCM in China in 2012,
no further validation data could support its practical use for pharmaceutical materials genotoxicity evaluation in the facility. This study, therefore, was conducted to further validate and establish this method under
Good Laboratory Practice (GLP) requirements in replace of the manual
scoring method, and to select suitable dose level of Cyclophosphamide
(CP) for positive control. 20 rats per sex were randomly allocated into 4
groups, treated with Saline or CP (2.5, 5 and 10 mg/kg) orally once daily
for 3 consecutive days. 22 to 24 hours post last dosing administration, PB
and bone marrow were collected to determine micronucleus frequency
(% MN) and the proportion of polychromatic erythrocytes (%PCE)/
reticulocyte (%RET) to total erythrocytes. Several necessary validation
indexes were also set up and tested. The validation results showed: 1)
this study was validity both in males and females. 2) %RET cytotoxicity
evaluation in blood showed greater responsiveness than %PCE endpoint in bone marrow, which was consistent with literatures. 2 female
samples in 10 mg/kg CP group showed excessive bone marrow cytotoxicity and limited RET amount for counting. 3) For either FCM-based
MN-RET or microscopy-based MN-PCE measurements, CP induced a statistical increase in MN frequency at all dose levels when compared to
the vehicle control group and a dose-related response was identified.
Furthermore, a great consistency between these two methods was also
identified. 4) Samples were more stable in LTSS (long term storage solution) than that in fixative when stored in ultracold freezer at least for 30
days; No obvious carryover between samples were noted; Both intra-day

2248 Evaluation of Sensitivity and Specificity of High-

Content In Vitro Micronucleus Assay in CHO Cells
with Small Molecule Pharmaceutical Compounds

Y. Zhong4, R. Wulf3, Y. Zhao3, M. Lloyd1, G. Olivera4, and D. Diaz2.
1Covance Laboratories Ltd, Harrogate, United Kingdom; 2Denali,
South San Francisco, CA; 3Eurofins Panlabs, Inc., St. Charles, MO;
and 4Genentech, South San Francisco, CA.
Early identification and mitigation of genotoxicity for small molecules is critical in ensuring the success of candidate compounds. The
in vitro Micronucleus (MN) assay is part of the regulatory battery (ICH
S2 (R1)), and detects both clastogenic (chromosomal breaks) and aneugenic (chromosomal gain/loss) effects. The regulatory MN assay relies
on the visual scoring of micronuclei under a microscope. This assay is
typically conducted in human peripheral blood lymphocytes (HPBL)
and requires a relatively large amount of compound (~ 300 mg). For
early screening, many companies utilize the automated high content
MN assay (HC-MNT), which requires less compound (~ 1 mg) and offers
high throughput. In order to evaluate whether the HC-MNT assay provides satisfactory predictive values as a screening assay, we retrospectively analyzed the concordance between the HC-MNT assay in Chinese
hamster ovary (CHO) K1 cells and the manual MN assay in HPBLs with
a diverse set of 28 small molecules, representing 9 different internal
projects. Of the 28 compound set, 16 were MN-negative and 12 were
MN-positive (clastogenic) in the manual MN assay in HPBLs. The HC-MNT
concordance results support method sensitivity of 66.7% and specificity
of 84.6%. We conclude that the HC-MNT assay in CHO cells is a robust
and reliable assay that can be successfully utilized in early genotoxicity
screening to categorize compounds and provide valuable information
to early-stage project teams to further optimize the molecules.
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2245 In Vitro Genotoxicity and Cytotoxicity of

2249 Detection of In Vivo Genotoxicity in Rat Liver and
Kidney Using γH2AX Expression

M. Sone1,2,, T. Toyoda1, K. Matsushita1, T. Morikawa1, Y.-M. Cho1,
J.-i. Akagi1, Y. Mizuta1, A. Nishikawa1, and K. Ogawa1. 1National
Institute of Health Sciences, Tokyo, Japan; and 2Tokyo University of
Agriculture and Technology, Tokyo, Japan.
Objective: Phosphorylated H2AX (γH2AX) is likely a surrogate marker of
genotoxicity in vitro and in vivo. We previously reported that immunohistochemical analysis of γH2AX in rat urinary bladder may be useful for
early detection of genotoxic bladder carcinogens. To examine a potential application, we applied this method to the liver and kidney of rats
treated with various chemicals. Methods: Male F344 rats were treated
orally with chemicals for 4 weeks followed by immunohistochemical
analysis of γH2AX/Ki67 and RT-PCR analysis of DNA repair gene expression (e.g. Rad51). The treatment chemicals were: DEN (CAS No. 55-18-5)
and DMB (612-82-8), genotoxic hepatocarcinogens; COP (95-83-0) and
ENU (759-73-9), genotoxic non-hepatocarcinogens; DEHP (117-81-7),
DO (123-91-1) and TAA (62-55-5), non-genotoxic hepatocarcinogens;
KBrO3 (7758-01-2), TBPP (126-72-7) and NMOR (59-89-2), genotoxic
renal carcinogens; NTA-H2O (18662-53-8) and d-limonene (5989-27-5),
non-genotoxic renal carcinogens; and CBX (5234-68-4), a renal toxicant. Results and Discussion: Liver: The proportion of hepatocytes with
γH2AX foci was significantly increased in rats treated with DEN and
TAA, whereas DMB, COP, ENU, DEHP, and DO did not induce significant
increases of γH2AX foci. Increased expression of Ki67 was observed in
the TAA group, suggesting that not only DNA damage but also cell proliferation may be associated with γH2AX. Kidney: The proportion of cells
with γH2AX foci in proximal tubules was significantly increased in rats
treated with KBrO3, NMOR, d-limonene or CBX, but there was no significant change in the NTA-H2O group. In the TBPP group, the number
of γH2AX-positive cells showed a tendency to increase (P=0.052).
γH2AX expression in the CBX group was mainly localized in regenerative tubules (RT), and no increased expression of DNA repair genes was
detected. These results suggested that γH2AX expression in RT could be
associated with cell proliferation and RT should be excluded for evaluation of genotoxicity. Taken together, the consideration of γH2AX expression associated with proliferation activity is required to evaluate in vivo
genotoxicity in the liver and kidney.
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Carcinogen in the Urinary Bladder of Rodents

Toyoda1,

T.
M. Sone1,2,, Y.-M. Cho1, J.-i. Akagi1, K. Matsushita1, Y.
Mizuta1, A. Nishikawa1, and K. Ogawa1. 1National Institute of
Health Sciences, Tokyo, Japan; and 2Tokyo University of Agriculture
and Technology, Tokyo, Japan.
Background: Phosphorylated H2AX (γH2AX), a histone protein associated with DNA damage and repair, is expected to be a biomarker of in
vivo genotoxicity. We previously demonstrated that γH2AX expression is
induced in urinary bladders of N-butyl-N-(4-hydroxybutyl)-nitrosamine
(BBN)-treated rats. To evaluate potential application of γH2AX for early
detection of in vivo genotoxicity and carcinogenicity in the urinary
bladder, we performed an immunohistochemical analysis of γH2AX
expression in chemically treated rodents. Methods: Six-week-old male
F344 rats and B6C3F1 mice were orally administered BBN, 2-nitroanisole
(2-NA), 2-acetylaminofluorene (2-AAF), p-cresidine, 2,2-bis (bromomethyl)-1,3-propanediol (BMP), dimethylarsinic acid (DMA), phenethyl isothiocyanate (PEITC), melamine, uracil, glycidol, diethylnitrosamine (DEN)
or acrylamide (AA) for 4 weeks. Animals were sacrificed after 4 weeks or
after an additional 2 weeks recovery period and immunohistochemistry
for γH2AX in urinary bladders was performed. Results: After 4 weeks,
γH2AX expression in bladder epithelial cells was significantly increased
by treatment with all genotoxic bladder carcinogens (BBN, 2-AAF, and
p-cresidine for both species and 2-NA for rats) compared with controls.
In contrast, chemicals that were genotoxic but not carcinogenic in the
bladders did not cause upregulation of γH2AX. In case of non- or equivocal-genotoxic urinary bladder carcinogens, PEITC or uracil-treated
rats and mice and melamine-treated rats, diffuse urothelial hyperplasia
and increased expression of γH2AX were observed. After the recovery
period, γH2AX expression was markedly reduced in all groups, but
remained high in BBN, 2-NA, and 2-AAF-treated rats and BBN and p-cresidine-treated mice compared with controls. Discussion: In rats and
mice, genotoxic bladder carcinogens induced more extensive γH2AX
expression in the urothelium than non-genotoxic or non-carcinogenic chemicals, and γH2AX-positive cells remained in relatively large
numbers even 2 weeks after administration withdrawal. The results indicate that γH2AX has the potential to be used as a biomarker for early
detection of genotoxic carcinogen in the urinary bladder.

2251 Mutagenic Potentials of Glyphosate in the
African Catfish, Clarias gariepinus

I. Ayanda2, S. Oniye1, and J. Auta1. 1Ahmadu Bello University, Zaria,
Nigeria; and 2Covenant University, Ota, Nigeria.
The impact of acute exposure of Clarias gariepinus juveniles to a commonly used herbicide, glyphosate, was evaluated through changes in
fish behaviour, DNA damage, micronucleus and other cell abnormalities. The fish juveniles were exposed to five different concentrations;
0.36, 0.48, 0.60, 0.72 and 0.84 mg/l of glyphosate for 96 hours. The
fishes exhibited different behavioural abnormalities like hyperactivity,
abnormal swimming, restlessness, loss of equilibrum and haemorrhage.
Observation of opercular ventilation count (OVC), tail fin movemant rate
(TMR) and air gulping index (AGI) showed a marked difference between
control and exposed fishes. Furthermore, DNA damage was observed in
fish liver via measurement of the percentage tail of DNA. The herbicide
also triggered off micronuclei in the blood cells of fish. Other cell abnormalities observed included bean-shaped cell, lobed nuclei and apoptosis. Behavioural and morphological anomalies, percentage tail of DNA
and frequency of occurrence of erythocyte abnormalities all became
more pronounced with increasing concentrations of the herbicides.
Our results suggest toxicity of glyphosate in the juveniles of Clarias
gariepinus. This is the first report of DNA damage in Clarias gariepinus
using comet assay. This result reflects the potential of this contaminant
to cause adverse effects in fish and other forms of life in natural aquatic
habitats.

2252 Decreased DNA Repair Contributes to Pim Kinase
Inhibitor Enhancement of Topoisomerase-2
Inhibitor-Induced DNA Damage in Cells with
FLT3-ITD

K. A. Doshi2, P. K. Nagaria3, A. E. Tron1, F. V. Rassool3, and M. R.
Baer2. 1AstraZeneca, Waltham, MA; 2University of Maryland
Greenebaum Comprehensive Cancer Center, Baltimore, MD; and
3University of Maryland School of Medicine, Baltimore, MD.
Internal tandem duplication in fms-like tyrosine kinase-3 receptor
(FLT3-ITD) is present in acute myeloid leukemia (AML) cells in 30% of
patients. The serine/threonine kinase Pim-1 is transcriptionally upregulated downstream of FLT3-ITD and contributes to its proliferative and
anti-apoptotic effects directly and via a positive feedback loop. We
recently demonstrated that Pim kinase inhibition sensitizes FLT3-ITD
AML cells to apoptosis induction by topoisomerase-2 (TOP-2) inhibitors.
Mechanistically, enhanced apoptosis is associated with increased induction of DNA double-strand breaks (DSBs) and increased oxidative stress.
In mammalian cells, DSBs are repaired by three distinct mechanisms homologous recombination (HR), classical non-homologous end joining
(C-NHEJ) and the more recently identified alternative NHEJ (Alt-NHEJ).
Pim kinases have been shown to regulate DSB repair response in several
cancers, including peripheral T-cell lymphoma and multiple myeloma.
Here, we studied whether alteration in the DSB repair response contributes to enhanced apoptosis following co-treatment with Pim kinase and
TOP-2 inhibitors. We treated Ba/F3 cells expressing human FLT3-ITD (Ba/
F3-ITD) and wild type FLT3 (Ba/F3-WT) with the TOP-2 inhibitor daunorubicin and/or the pan-Pim kinase inhibitor AZD1208, and measured
expression of key proteins mediating HR (Rad51), C-NHEJ (pDNA-PKc,
Ku70) and Alt-NHEJ (DNA ligase 3). Time-dependent decrease in nuclear
expression of Rad51 and DNA ligase 3 was seen with combination, compared to single-agent, treatment. To measure functional changes in DSB
repair activities, we stably integrated the GFP-based DSB repair reporter
constructs DR-GFP, EJ5-GFP and EJ2-GFP in Ba/F3-ITD and Ba/F3-WT
cells, and will use this system for examination of the effect of Pim kinase
inhibitors and/or TOP-2 inhibitors on the HR, C-NHEJ and Alt-NHEJ pathways, respectively. Overall our work aims to provide insight into novel
mechanisms by which Pim kinase inhibition sensitizes FLT3-ITD cells
to TOP-2 inhibitor chemotherapy drugs and to develop strategies to
enhance these effects.

2253 Dicyclanil–Why Was It Negative in the Comet
Assay?

B. Burlinson, W. Barfield, and T. Herring. Envigo, Alconbury, United
Kingdom. Sponsor: L. Coney.
A recent review by Kirkland (EEMGS meeting, 2016, Copenhagen,
Denmark) comparing the comet assay with the in vivo gene mutation
(GM) tests, BigBlue, MutaMouse etc. showed that out of 89 chemicals
tested in both assays there was only one where the comet assay was
negative and the GM positive. Interestingly further examination reveals
that in the GM study the material, Dicyclanil, an insecticide, was tested

2254 Can Cycling Cells Produce a False Positive in the
Comet Assay?

B. Burlinson, I. Woods, and B. Gilby. Envigo, Alconbury, United
Kingdom. Sponsor: L. Coney.
In a previous study a test material, not part of this work, was positive
in a mouse lymphoma assay and was therefore subsequently tested
in an in vivo bone marrow micronucleus test and a comet assay. The
micronucleus test was completely negative however, in the comet assay
a small but statistically significant positive response was found in the
liver and lung at the highest dose tested 30µg/kg. The peripheral blood
response was negative at all doses. Interestingly it was noted during the
scoring of the slides that there were a few very heavily damaged cells
with long comet tails and it was suggested that it was these cells causing
the weak positive response. Further investigation showed that the positive response was in fact due to the mode of action of the material on a
small sub-set of what was believed to be dividing cells; hence the negative response in the peripheral blood. However, this raised the question
of whether or not dividing cells could cause a positive response in the
comet assay. This was investigated by using fresh human blood drawn
from healthy volunteers. The blood was divided into two samples, one
of which was dosed with phytohaemagglutinin (PHA) to induce cell
division in the lymphocytes. At various times covering the activation
and cell division process, samples of blood were removed and prepared
for comet analysis. The results showed that at the early time points
there were variable amounts of background damage, possibly associated with the extraction and dilution of the blood, which reduced over
time. However, at the later time points the blood stimulated with PHA
showed very clear responses greater than those seen in the non-induced “control” blood and which could be mistaken as a clear positive
response. This is the first evidence that cycling cells alone can give an
erroneous positive, at least in vitro, in the comet assay and that this phenomenon should be investigated in vivo.

dosing. The objective of the second experiment was to collect vehicle
and positive historical control data using the optimized parameters in
male rats. Corn oil and EMS (oral gavage) were selected as the vehicle
and positive control, respectively. Five independent cohorts with 10
animals (5 vehicle control and 5 EMS) were performed. The following
endpoints of DNA damage were assessed and measured: % tail DNA, tail
migration, and tail moment. The vehicle control mean value per experiment % tail DNA value ranged from 0.061 to 0.97. There was significant
increase in the % tail DNA of the EMS treated animals (mean value per
experiment ranged from 14.57 to 17.50). All five cohorts had statistically
significant increase in % tail DNA in the positive control animals. The
data from the vehicle and positive control dosed animals were included
in the male rat thymus comet assay historical control database at the
test facility. Conclusion: The thymus is a novel tissue which was successfully evaluated and validated for the first time in the in vivo comet assay.

2256 A 28-Day Somatic Gene Mutation Study of

1-Bromopropane in Female Big Blue® B6C3F1
Mice via Whole-Body Inhalation

M. Stelljes3, R. Young1, and J. Weinberg2. 1BioReliance
Corporation, Rockville, MD; 2Charles River, Ashland, OH; and 3SLR
International Corporation, Oakland, CA.
A recent 2-year inhalation rat and mouse cancer study by the NTP on
1-bromopropane (1-BP, CAS Number 106-94-5) showed significant
increase in tumors in the lung of female mice and in the large intestine in male and female rats. The most sensitive endpoint was lung
tumors in female mice. Male mice and rats of both sexes showed no
increase incidence in lung tumors. Mice of both sexes had hyperplasia
and inflammation of the nose and showed regeneration of lung tissue.
NTP and NIOSH both assumed that these tumors were due to genotoxic effects and a linear dose-response relationship was appropriate.
However the majority of mutation assays have been negative. The Big
Blue® (BB) Assay, a Transgenic Rodent (TGR) mutation assay described
in OECD Test Guideline 488, evaluates mutant frequency in the cII gene
in lambda phage shuttle vectors recovered from any body tissue. TGR
assays are recommended to investigate mutagenic modes of action following positive in vitro gene tox mutation assays or positive mouse and
rat cancer bioassays. This study was conducted with female transgenic
B6C3F1 BB mice with whole-body inhalation exposure to investigate
the possible mutagenic mode of action for tumor formation. The female
B6C3F1 mouse was selected since lung tumors in this sex were the most
sensitive endpoint from the NTP study. The target exposure concentrations and the exposure regimen (6 hours/day, 5 days/week) were consistent with those used in the NTP cancer studies and reflect the relevant
route of human occupational exposure. Results demonstrated no elevation in cII mutant frequency in liver, lung and colon. Positive controls
produced statistically significant increases in mutant frequencies across
all tested tissues, demonstrating the utility of the test system and assay
to detect and quantify induced mutants following exposure to a known
direct-acting mutagen. The study design and results met acceptance
criteria and were consistent with the study requirements of OECD TG
488 for transgenic rodent mutation assays, supporting the conclusion
that 1-BP does not cause induction of cII mutants in liver, lungs, or colon
under the testing conditions. These data have important ramifications
in the quantitative evaluation of tumor results for this chemical, supporting the argument that a linear dose-response with a direct-acting
genotoxic mechanism is not appropriate for 1-BP.

2255 In Vivo Mammalian Alkaline Comet Assay in Rat
Thymus: Proof of Concept to Historical Control
Data Generation

A. Wasniewski2, Z. Liu2, and K. Pant1. 1BioReliance, Rockville, MD;
and 2FMC, Ewing, NJ.
Background: The in vivo comet assay is a method for measuring DNA
strand breaks in eukaryotic cells and can be assessed in virtually any
tissue as long as a single cell suspension could be prepared. This assay
is often used as a weight of evidence study to address whether a specific tumor is caused by a genotoxic mode of action in the target tissue.
The most extensively validated tissues include the liver and stomach.
Other organs/tissues that have been validated include the kidney, skin,
urinary bladder, lungs, other GI tract organs, blood, bone marrow, brain,
nasal tissue or bronchoalveolar lavage cells. Thymus has previously not
been validated in the comet assay. Methods/Results: The assay design
is based on the OECD Guideline 489 (2014). The objective of the first
experiment was to evaluate the feasibility of ethyl methanesulfonate
(EMS) to induce DNA damage in thymus cells of male rats. EMS is a well
known mutagen which has demonstrated positive responses in multiple
tissues. Key parameters such as number of doses administered and cell
dilutions were optimized in the first experiment. The result showed that
it was plausible to detect DNA damage in the rat thymus using a single
oral gavage dose of EMS at 200 mg/kg, tissue harvested 3 to 4 hours after

2257 Computational Pathway Model Describes

Dose- and Time-Response of DNA Damage and
Repair Processes Governing Threshold-Shaped
Chromosomal Damage Response

R. A. Clewell1, S. N. Pendse1, S. M. Rowley1, K. M. Dunnick1, B.
Sun2, M. E. Andersen1, P. L. Carmichael3, Y. Adeleye3, and P. M.
McMullen1. 1ScitoVation, Research Triangle Park, NC; 2The Hamner
Institutes, Research Triangle Park, NC; and 3Unilever, Bedfordshire,
Colworth Science Park, United Kingdom.
One of the more contentious conventions in risk assessment is the
default assumption of low-dose linearity for genotoxicity, wherein the
potential for mutagenicity is assumed proportional to administered
dose at low doses. In apparent conflict with this assumption, some
genotoxic chemicals exhibit threshold-like responses in in vivo and in
vitro mutation and genotoxicity assays. To support a change in current
default practices, however, we must develop a better understanding
of the biological underpinnings of observed thresholds. We developed
a mathematical description of double strand break (DSB) damage and
post-translational repair processes. We hypothesize that post-translational DNA repair processes provide a buffer that prevents sustained
damage. Only when this buffering capacity is exceeded, and tran-
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in male and female mice but was only positive in the females; only male
mice were tested in the comet assay. What is more, Dicyclanil is only carcinogenic in female mice. In order to investigate this anomaly, groups of
5 female mice were dose orally by gavage with Dicyclanil at 100, 50, 25
or 0 mg/kg. Five male mice were also given Dicyclanil at 200 mg/kg. A
further 3 animals were dosed with the positive control ethyl methanesulphonate, EMS, at 200 mg/kg. The mice were dosed on three occasions the second dose being administered approximately 24 hours after
the first dose, with the third dose being administered approximately
21 hours after the second dose, 3 hours before sampling. Bone marrow
was taken from each animal and prepared for micronucleus scoring.
Bone marrow, liver and duodenum was sampled for each animal and
a single cell suspension prepared from each tissue for comet analysis.
Only two of the male mice survived the three doses and these were
analysed and showed that for both the micronucleus and comet tests,
Dicyclanil was negative. However, in the female mice there was a clear
dose response in the comet assay in all tissues with statistical significance being achieved at the top dose of 100 mg/kg. The response in the
micronucleus test was less clear but again statistical significance was
achieved at the top dose. These data show that the lack of effect seen
in previous studies was due to the sex of the mice being used and not a
failing of the comet assay per se.

scriptional regulation is induced, is permanent chromosomal damage
observed, leading to threshold shaped dose-response for apical endpoints. To test this hypothesis, we developed an ordinary differential
equation-based computational model of post-translational DSB repair.
In response to genotoxic stress, kinase, repair and scaffold proteins
coalesce at the DSBs, forming DNA repair centers (DRCs) and initiating
repair. The mathematical model describes DNA damage, DRC activity,
and induction of permanent chromosomal damage (measured as micronuclei). We measured several cellular endpoints across dose (1 - 250 μM)
and time (0.5 - 48 hr) with neocarzinostatin (NCS) to validate the model:
DRC in fixed and live cells, and p-p53, total p53, p53BP1 and micronucleus formation in wild-type and p53 knockdown cells. The model is
able to recapitulate the observed threshold in micronucleus response
by describing dependence of repair on a fixed DRC capacity and the
absence transcriptional regulation at low doses (≤ 10 μM). This computational model provides a testable framework to explore feasibility of
proposed mechanisms responsible for threshold-like curves for certain
genotoxic chemicals. Future work will focus on expanding the model to
describe compounds with different mechanisms of action and incorporate measures of mutagenicity.

2258 Impact of Diet-Induced Obesity on DNA
Structure-Induced Mutagenesis in Mice

P. Kompella, G. Wang, and K. M. Vasquez. The University of Texas
at Austin, Austin, TX.
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Obesity is an alarming problem worldwide with several meta-analyses
having reported a significantly elevated risk of various cancers in people
with high body mass index (BMI) (> 30 kg/m^2). Many patients with
hematological cancers, such as Burkitt lymphoma and chronic myeloid
leukemia, carry non-random chromosomal breakage and translocations at genomic “hotspots.” The endogenous mutational “hotspots”
often cluster at specific genomic regions that contain repetitive DNA
sequences. Such sequences can adopt alternative (non-B DNA) structures, such as triple helical H-DNA. Our laboratory has found that H-DNA
structures are intrinsically mutagenic in mammals and can result in DNA
double-strand breaks, implicating them in translocation-related cancer
etiology. Obesity stimulates the production of reactive oxygen species
that damages DNA. But the extent to which dietary energy balance, and
obesity in particular influences genetic instability in vivo is not known.
This ongoing study tests the novel hypothesis that obesity increases
non-B DNA structure induced genetic instability. To test this, we introduced a recoverable dual mutation-reporter shuttle vector p2RT-MYC
carrying H-DNA-forming sequence (from a breakpoint hotspot in the
human c-MYC promoter) into the genome of FVB mice. Three groups
of these transgenic mice were either fed with high fat diet (HFD), low
fat diet (LFD) or calorie restricted (CR) for 13 weeks. The genomic DNA
was isolated from spleen tissue and subsequently p2RT-MYC plasmid
was recovered using LacI-LacZ fusion protein bound to magnetic beads.
Transformation into DH10β competent cells yielded blue (wild-type)
and white (mutant) colonies. Mutation frequencies were calculated and
mutation spectra were obtained by direct DNA sequencing. Preliminary
data showed that HFD induces higher mutation frequency (25.08) than
the LFD (0.48) and CR diet (1.25) per 10^-4. The types of mutations were
point mutations and large deletions. All the p2RT-MYC plasmids harboring large deletions showed 1-5 bp microhomology mediated endjoining. These preliminary results suggest that obesity may contribute
to genetic instability at cancer-associated mutation “hotspots”. We are
currently working towards confirming these results through replication
studies. The contribution of this study will be significant, as the results
will provide insights into what molecular changes induced by obesity
contribute to cancer etiology.

2259 4D Lifetest: A Highly Accurate High-Throughput
Comet Assay Platform

voltage gradient and temperature of electrophoretic run. 4D Lifetec
AG has developed the innovative 4D Lifetank based on the SCGE technology. The machine contains a specifically designed SCGE tank that is
able to provide an accurate voltage and temperature and offers a patented and highly homogenous and controlled electric field that separates the damaged DNA fragments from the cell core delivering highly
precise % tail intensities. 4D Lifetec AG has developed a 96 and 12 well
format gel spotting plate (GSP) to analyze different population of cells
embedded in low melting agarose and spotted on different positions of
the GSP. The 4D Lifetank can hold up to 6 x 96 spot format gel spotting
plates, allowing for up to 576 different cell populations to be run simultaneously, with several hundred cells analyzed per spot. This improved
technology allows high throughput CA analysis. We have analyzed and
quantified the variability between spots on the GSP, and the variation
between different 4D Lifetank units as well as CAs performed on different days, and shown the 4D Lifetest to be highly reproducible. Using
A549 cells exposed to increasing levels of X-ray irradiation (0, 1, 2, 4,
8 Gy), the 4D Lifetest was able to distinguish between the amount of
increasing DNA damage in each treated population. Finally we demonstrate the improved precision and accuracy of the 4D Lifetank versus
other electrophoresis units.

2260 In Vitro Potentiation of γH2AX Responses by

the DNA-PK Inhibitor NU7441 Discriminates
Topoisomerase II Poisons from Other Clastogens

S. Bryce, D. Bernacki, J. Bemis, and S. Dertinger. Litron Labs,
Rochester, NY.
Previous work has shown that a multiplexed in vitro flow cytometric
assay known as MultiFlow reliably distinguishes clastogens, aneugens,
and non-genotoxicants. In this add-and-read type assay nuclei are
simultaneously released with a non-ionic detergent, DNA is stained,
and several nuclear epitopes are labeled with fluorescent antibodies
(γH2AX, phospho-H3, and p53). The current work was conducted to
evaluate whether this platform could provide additional information
about clastogenic mode of action. TK6 cells were treated with 0 or 6.25
µM NU7441, a DNA-PK inhibitor that we predicted would potentiate
the genotoxicity of topoisomerase (topo) II poisons and also DNA crosslinking agents. Note that NU7441 at 6.25 µM has little to no effect on its
own. Treated cells were aliquoted into 96 well plates and exposed to
29 diverse clastogens over a range of concentrations, and included 7
topo II and 7 topo I poisons. γH2AX, phospho-H3, and p53 readings were
taken at several time points. Of the endpoints studied, γH2AX responses
appeared to be most affected by NU7441, with some apparent specificity for topo II poisons at 6 hrs. For quantitative analysis PROAST software was used to determine the concentration at which 6 hr γH2AX
responses were 2x higher than solvent control (i.e., the doubling dose).
A potentiation factor (PF2X) was calculated by dividing the doubling
dose without NU7441 by the doubling dose in the presence of NU7441.
PROAST analyses confirmed that topo II poisons where potentiated to
the highest degree, with the largest effects observed for teniposide,
etoposide, and mitoxantrone, all of which exhibited PF2X values ≥ 4. One
exception was flumequine, which caused slight or nil γH2AX induction
with or without NU7441. Most other types of clastogens were not appreciably potentiated, for example topo I poisons exhibited a maximal PF2X
of 1.27 (topotecan). An exception is that two of three ROS-generating
agents were moderately affected by NU7441, with PF2X ≤ 2. Collectively,
these data support further work with this highly flexible and scalable in
vitro assay platform that can be used to: i) screen chemicals for genotoxic potential, ii) predict predominant mode of genotoxic action, and
iii) elucidate molecular targets.

2261 Application of the Toxtracker Reporter Assay
in a Mode-of-Action Approach for Genetic
Toxicology Assessment

J. C. Cassano2, C. Hirsch2, O. Schicht1, and P. Wick2. 14DLifetec,
Cham, Switzerland; and 2EMPA, St. Gallen, Switzerland. Sponsor: T.
Hartung.

R. S. Derr2, P. I. Racz2, B. Misovic1, F. M. Calleja1, H. Vrieling1, and G.
Hendriks2. 1Leiden University Medical Center, Leiden, Netherlands;
and 2Toxys, Leiden, Netherlands.

Single Cell Gel Electrophoresis (SCGE), otherwise known as the Comet
Assay (CA), has recently been accepted as an official testing method for
determining the genotoxic potential of various chemicals, drugs, cosmetics and substances to which humans are exposed to (OECD 489). The
CA involves embedding a population of cells in low-melting agarose.
The cells are fixed onto a glass microscopic slide, lysed and subjected
to electrophoresis to allow separation of DNA by size. Slides are subsequently stained with a DNA staining dye such as ethidium bromide
or SYBR gold. Variability of the CA is a major issue, with several factors
contributing to variation in results. These include inter-laboratory variation due to differences in parameters within CA protocols, such as
agarose concentration, time of unwinding, electrophoresis duration,

ToxTracker is a mammalian stem cell-based reporter assay that detects
activation of specific cellular signalling pathways upon exposure to
unknown compounds (Hendriks et al, Tox Sci 2016). ToxTracker contains six different GFP-tagged reporters that allows discrimination
between induction of DNA damage, oxidative stress and protein
damage in a single test. We first performed an extensive validation using
62 compounds from the recently updated ECVAM compound library.
ToxTracker classified the genotoxic carcinogens as genotoxic with a sensitivity of 94%. The non-genotoxic carcinogens and non-carcinogens
were classified as non-genotoxic by ToxTracker with a specificity of 95%.
Interestingly, various compounds that give misleading positive results
in the conventional in vitro genotoxicity assays did not activate the DNA

2262 The HET-MN (Hen´s Egg Test for MicronucleusInduction): Results of the Pre-Validation

K. Reisinger3, S. Hoffmann-Doerr3, D. Fieblinger2, J. Kreutz3, M.
Liebsch2, A. Luch2, K. Maul2, P. Strauch1, W. Voelkner1, T. Wolf4,
and R. Pirow2. 1Envigo CRS GmbH, Rossdorf, Germany; 2German
Federal Institute for Risk Assessment, Berlin, Germany; 3Henkel AG
& Co. KGaA, Duesseldorf, Germany; and 4University of Osnabrueck,
Osnabrueck, Germany. Sponsor: S. Pfuhler.
During the last years, 3D test systems were introduced into genotoxicity testing to consider the relevant site-of-contact without animal
experiments. Here we report on an in vitro test method, the HET-MN
(hen’s egg test for micronucleus induction), which intends to address
the oral route. While allowing the analysis of micronuclei in erythrocytes
in developing hen´s eggs, the test system considers important toxicokinetic aspects: The absorption of test compounds via the chorioallantoic membrane; their distribution via the vessel system during the
exposure period of 3 days and the metabolism of compounds in the
yolk sac membrane and the developing liver. Finally, metabolites are
excreted into the allantois, the equivalent to the human bladder. All
available information provides evidence that the human metabolism
is well reflected without additional metabolic stimulation (e.g. S9 mix).
Due to this advantage, the HET-MN closes a major gap in in vitro genotoxicity testing. Here we present the results of 35 compounds, which
were tested blinded in a pre-validation exercise with three participating
laboratories. The chemicals covered a balanced data set of true positives (e.g. DMBA, taxol, etoposide), true negatives (e.g. cyclohexanone)
and misleading positives (e.g. resorcinol, curcumin), representing different chemical classes and mode of actions. Data analysis resulted in an
overall specificity of 97% and sensitivity of more than 80%. According
to our study, the HET-MN is a promising assay to supplement existing
in vitro genotoxicity test batteries. (The work was funded by the German
Ministry for Research/Education and Cosmetics Europe)

lateral lobes were collected and processed for flow cytometric analysis.
Changes to Ki-67, ploidy status and micronucleus frequencies were
observed for all DEN-treated animals. Whereas negative control animals
tended to exhibit micronucleus frequencies in the range of 0.1 to 0.3%,
DEN-exposed rats showed frequencies of approximately 2%. Parallel
microscopic scoring of hepatocytes stained with acridine orange confirmed the accuracy of these micronucleus frequencies. Similar results
were observed for 6 week-old animals treated for two days with DEN,
an unexpected result given our expectation of less cell division in these
somewhat older animals. Collectively, these results are encouraging,
as they suggest an important tissue compartment and endpoint will
be amenable to an objective, automated scoring technique that provides higher information content relative to current microscopy-based
approaches. Additional work will be needed to further optimize the
methods, evaluate the suitability of several important in-life considerations such as rodent age and treatment schedules, and test the transferability of the method.

2264 Role of PARP Trapping in Regulation of DSB

Repair and PARP Inhibitor Sensitivity in Cancers

B. M. Pelkey. University of Maryland Baltimore, Baltimore, MD.
Sponsor: W. Randall.
PARP inhibitors (PARPi) have shown considerable clinical success in
hereditary breast cancers with mutations in DNA double strand break
(DSB) repair genes BRCA 1 and 2. However, novel PARPi with potent
PARP trapping activity have been proposed for clinical efficacy testing
in a broader spectrum of cancers. Trapping of PARP is a response generated by PARPi that is independent of the inhibition of PARP’s catalytic activity. In this study, we investigated whether PARP trapping has
distinct effects on regulation of DSB repair. Major DSB repair pathways
in mammalian cells include homologous recombination (HR) and
non-homologous end joining (c-NHEJ). Alternative NHEJ (ALT-NHEJ), a
recently discovered and highly error-prone pathway, utilizes poly-ADP
ribose polymerase (PARP1), more commonly known for its activity in
base excision repair. Our hypothesis is that PARP1 catalytic inhibition
vs. ‘trapping’ leads to distinct outcomes on DSB repair, dictating inhibitor efficacy. To test our hypothesis, we utilized triple-negative (TN) and
non-TN breast cancer cell lines with stably integrated GFP-reporter plasmids designed to assess in vivo activities of the specific DSB repair pathways. For our analysis, we used varying concentrations of Talazoparib
(MDV3800), potent in PARP trapping activities when used in combination with DNA damaging agents such as methyl methanesulfonate
(MMS). Combination of MMS/MDV3800 led to a significant increase in
PARP trapping relative to treatments with individual drugs within 4 hrs.
Interestingly, combination of MMS/NAD+ inhibitor (FK866) led to significant PARP trapping. These results indicate that DNA damage under
conditions of PAR depletion may alone reflect conditions of PARP1 trapping. Next, we investigated the effects of these inhibitors on DSB repair.
Strikingly, while treatments with MDV3800 lead to a modest decrease in
all DSB activity, combination MDV3800/MMS lead to an overall decrease
in HR activity, but increase in ALT-NHEJ, potentially suggesting a compensatory mechanism. Similarly, we see an inverse relationship between
the repair activities when using FK866/MMS treatments. We are next
investigating whether these biological responses of PARP trapping
agents are dependent upon PARP1’s catalytic activity by transiently
knocking down PARP1 via siRNA. Our results present novel mechanisms
by which PARP inhibitors with potent PARP trapping activity can be
expanded to an increased repertoire of cancers.

2263 Flow Cytometric Scoring of Rat Liver

Micronuclei–Progress toward a HighThroughput High-Information Content Method

S. Avlasevich, S. Khanal, J. Bemis, and S. Dertinger. Litron
Laboratories, Rochester, NY.
A preferred endpoint for characterizing chemicals’ in vivo chromosomal
damage potential is micronucleus formation, and this is usually evaluated in hematopoietic cells. Here we describe progress towards automatically scoring the incidence of rat hepatocyte micronuclei via flow
cytometry. The method currently takes the following form: excision
of non-perfused left lateral lobe; slicing liver tissue into thin sections;
clearing erythrocytes; exposing to collagenase; and a stepwise addition
of two solutions. These solutions serve to lyse outer membranes and
thereby liberate micronuclei and nuclei, clear the chromatin of membranous debris, stain chromatin with fluorescent dye(s) and label dividing
cells with a fluorescent antibody against Ki-67. Using this method we
show that nuclei-associated Ki-67 provides information about recent
cellular division, while the ratio of nuclei with 2n, 4n, and 8n+ status
conveys information about division history over a longer period of time.
Proof-of-concept data are provided from experiments with 4 week-old
Sprague Dawley rats that were either untreated or exposed to the prototypical liver genotoxicant diethylnitrosamine (DEN) for two consecutive days (50 mg/kg/day). Four days after cessation of treatment left

2265 Germ Cell Pig-a Assay: A Trans-Tissue

Application of the In Vivo Gene Mutation Assay

J. A. Bhalli, C. C. Tebbe, J. Hardy, and D. Thomas. Covance
Laboratories Inc., Greenfield, IN.
The Pig-a assay is an in vivo gene mutation assay performed in rodent
hematopoietic tissue. The assay has received a wide acceptance in the
genetic toxicology community and OECD test guidelines are under
development. One challenge with the gene mutation assays is that proliferating (e.g. hematopoietic) cells are needed to conduct the assay;
so unlike the Comet assay, liver, lung, and gut are not the tissues of
choice for gene mutation assays like the Pig-a assay. A study was conducted to demonstrate the use of germ cells as an alternate tissue for
the Pig-a assay. Six to seven week old male rats were treated with 0,
25, 50 or 100 mg/kg/day of Procarbazine for 3 consecutive days. Sperm
were collected on Day 45 and were labeled with sperm specific antibody
(PSA-FITC) to ensure that population under analysis is the actual sperm
population. Subsequently, samples were labelled with anti CD59-APC
antibody to target the GPI anchored protein (CD59) as a marker of Pig-a
gene mutation. Flow cytometric analysis was conducted to count 3×105
sperm. An appropriate separation of labelled and unlabeled samples
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damage reporters by did induce high levels of oxidative stress or protein
damage in ToxTracker. The validation was further expanded with 30
well-established genotoxic and non-genotoxic compounds. ToxTracker
was able to discriminate between a genotoxic and non-genotoxic
mechanism of toxicity with an accuracy above 90%. Next we investigated if ToxTracker could provide insight into the mode of action of
genotoxic compounds. By assessing the differential induction of the two
DNA damage reporters as well as the two oxidative stress reporters for
indirect genotoxicity, ToxTracker was able to discriminate between a
mutagenic and clastogenic mechanism of genotoxicity. Activation of
the Bscl2-GFP reporter for DNA replication stress indicated induction
of bulky, promutagenic DNA lesions and the Rtkn-GFP reporter for DNA
strand breaks strongly correlated with a clastogenic mode of action.
Finally, we determined whether ToxTracker could discriminate between
a clastogenic and aneugenic mode of action using 11 microtubule disruption compounds. All aneugenic compounds selectively induced the
Rtkn-GFP DNA strand break reporter. Furthermore, induction of the
Rtkn-GFP reporter was significantly slower (>12 h) for the mitotic spindle
poisons compared to clastogenic compounds (8 h), showing that the
differential induction both the two DNA damage reporters combined
with the delayed kinetics of reporter activation allowed discrimination
between a clastogenic and aneugenic mode of action of compounds.

was achieved while running the instrument calibration standard (ICS).
A dose related increase in the frequency of CD59- sperm was observed.
A relatively high frequency of the CD59- cells was observed in the vehicle
control samples. This may be due to the early crude method, which can
be further refined, or may be due to the biology of the germ cells. This
early methodology shows that germ cells can be used as alternate cells
for the Pig-a assay when studying germ cell mutagens.

posed HepaRG cells demonstrated dose-related increases in expression of CYP2B6, CYP3A4, and UGT1A1, indicating appropriate metabolic
functionality of the exposed cells. A panel of 60+ chemicals covering
a range of genotoxic activities and mechanisms has been evaluated in
the CometChip® format. Responses have been consistent with expected
outcomes and with published literature, and correlate well with concurrent cytotoxicity evaluation (ATP quantitation, CellTiter-Glo®, Promega).
Assays incorporating HepaRG cells can provide potential follow up to
positive results from S9-based in vitro assays used for regulatory testing.

2266 Use of Multiparametric Mode-of-Action

Approaches for Genetic Toxicity Assessment:
Toxtracker Reporter Cell Lines versus Gene Array
Analysis

A. Allemang1, T. Downs1, N. DeAbrew1, Y. Shan1, G. Hendriks2, and
S. Pfuhler1. 1Procter & Gamble, Mason, OH; and 2Toxys B.V., Leiden,
Netherlands.
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In support of the development of a predictive, animal-free genetic
toxicology approach, we investigated several different methodologies
with varying degrees of complexity. The predictive capacity of these
methods was compared by testing 22 chemicals that represent a mix
of DNA reactive chemicals, chemicals with known, mixed or unknown
modes of action, and chemicals with well-defined in vivo/vitro genotoxicity outcomes. The simplest method, the ToxTracker assay, uses a panel
of mouse embryonic stem cell lines, each containing one of six fluorescent reporter genes that detect DNA damage, oxidative stress, cellular
stress, or protein damage (Hendriks et al, Tox Sci 2016). The two other
methods used genomic analysis of data generated with the Affymetrix
human genome U219 array platform. For these studies, human lymphoblastoid TK6 cells were treated with the chemicals and aliquots of the
cell suspensions were set aside for genomic analysis. The remaining suspension was used to measure micronuclei (MN), cell viability and intracellular thiol levels in parallel. These results then became the basis for
the samples selected for genomic analysis. The gene array data were
then analyzed using two different approaches, the 65-gene method
(TGx28.65) developed by a HESI expert team (Li et al, EMM 2015) and
an in-house method utilizing connectivity mapping (CMap; Lamb et al,
Science 2006). Reasonable alignment of the genotoxic potential of the
chemicals was seen from all methods (over-all predictivity was >80%)
and nearly all discrepancies among assays could be explained by the top
concentration tested or the dose selected for analysis. Examples include
O-Toluidine, a rodent carcinogen that was positive in MN, but negative in ToxTracker and TGx28.65 and grouped with the false positive
chemicals in CMap. Sodium diclofenac, a drug active with a favorable in
vivo genotoxicity profile, was positive in MN but negative in TGx28.65.
Additionally, it grouped with the false positive chemicals in CMap and
induced a moderate DNA damage response in ToxTracker at concentrations that showed a strong oxidative stress response. Overall, these
results support the utility of multiparametric approaches for development of signatures representing various MoA’s from key chemical
classes. Ultimately, we hope to incorporate this approach into a predictive genotoxicity risk assessment strategy.

2267 In Vitro Micronucleus and CometChip® with
Metabolically Competent HepaRG Cells

C. Swartz2, J. Winters2, K. Owens2, C. Yauk1, J. Buick1, B. Engelward3,
L. Ngo3, and L. Recio2. 1Health Canada, Ottawa, ON, Canada;
2Integrated Laboratory Systems, Research Triangle Park, NC; and
3Massachusetts Institute of Technology, Cambridge, MA.
Human hepatoma-derived HepaRG cells retain many of the metabolic
capabilities of primary human hepatocytes and represent a readily available model of metabolically-competent cells for use in genetic toxicity
testing. Integrated Laboratory Systems (ILS) is incorporating HepaRG
cells into medium-throughput micronucleus and comet assay formats.
Use of HepaRG cells offers flexibility in dose scheduling and assay
design since the need for addition of exogenous S9 is eliminated. In
collaboration with researchers at MIT and Health Canada, ILS has successfully demonstrated the ability of HepaRG cells to detect genetic
damage. HepaRG cells seeded into collagen-coated plates were allowed
to recover metabolic functions for 7 days, then exposed to test compounds daily for 3 days. Using Litron’s In Vitro Microflow® kit, chromosomal damage was detected with 100% specificity and 100% sensitivity
following exposure to 6 non-genotoxins (e.g. phenobarbital, 2-deoxyD-glucose) and 8 known genotoxins, including 1 non-DNA reactive
genotoxin (colchicine) and 3 genotoxins requiring metabolic activation
(cyclophosphamide, aflatoxin B1, benzo[a]pyrene). Exposure to ethylmethane sulfonate, methylmethane sulfonate, cyclophosphamide, and
benzo[a]pyrene induced similar response patterns in a side-by-side
comparison of the CometChip® (Trevigen®) and the comet assay using
standard 2-well Trevigen® slides. In addition, expression analysis of
several metabolism-related genes evaluated in cyclophosphamide-ex-

2268 Integrating Kinetic Real-Time Cell Analysis

with Micronucleus Flow Assay Provides a
Thorough Assessment of Genotoxic Damage and
Cytotoxicity in HepG2 Cells

D. Guimet, C. Jin, and Y. Abassi. Acea Biosciences, San Diego, CA.
One of the major challenges in genotoxicity testing is to design appropriate tests which rely on a comprehensive cellular mechanistic understanding of the mode of action of toxicants. Importantly, genotoxic tests
must provide reliable and reproducible information to assess human
health risks associated with exposure to genotoxic and carcinogenic
compounds. Here, we describe a workflow that integrates real-time
cell analysis (RTCA) with micronucleus (MN) flow assay in HepG2 cells
to detect DNA damaging substances, while simultaneously monitoring
cytotoxicity and potential mechanism of action. Perturbations in DNA
structure by genotoxic substances leads to changes in cell number,
morphology, and adhesion which can be detected by gold microelectrodes embedded in the bottom of the well of a microtiter plate by
RTCA. Following RTCA analysis, an Autosampler is integrated on the
flow cytometer (FC) that allows the same microtiter plate to be used
for RTCA, sample processing, and MN flow analysis. In addition, the FC
incorporates a volumetric cell count to provide accurate viability data
without the need for reference beads. We tested 3 non-genotoxicants
and 9 genotoxicants including etoposide, mitomycin C, and 5-FU, acting
via distinct DNA damaging mechanisms: topoisomerase and DNAcrosslinking inhibitors and nucleoside analogues. All tested genotoxicants directly damaging DNA produced a distinct kinetic profile, which
was not observed with the 3 non-genotoxicants, suggesting this can
be a screening method to detect and discriminate genotoxicants from
non-genotoxicants. In addition, RTCA allows for direct monitoring of
multiple doses to set a threshold for concentrations that are too toxic
to be analyzed by MN flow assay, and provides an accurate doubling
time of the cell population. Seven of the 9 genotoxic positive reference
compounds, induced at least 3-fold increase of MN frequencies over
vehicle control. These were not observed with the 3 non-genotoxicants.
Of importance, nucleoside analogues, which do not induce DNA double
strand breaks, did not show increases in MN frequency. These substances still generated the same DNA damaging kinetic profile on RTCA
assay. The data suggests that RTCA and MN flow assay can be integrated
to detect compounds that directly target DNA, differentiate between
distinct mechanisms of action, whilst providing additional assessment
on viability, cell cycle, and cytotoxicity.

2269 Genotoxicity Assessment of Nanomaterials: Best
Practices, Assays, and Methods

Elespuru12,

R.
S. Pfuhler8, M. J. Aardema7, T. Chen11, S. Doak10,
A. Doherty2, C. S. Farabaugh3, J. Kenny4, M. Manjanatha11, G.
Ouédraogo6, B. Mahadevan1, M. M. Moore9, L. F. Stankowski3, and
J. Y. Tanir5. 1Abbott Laboratories, Mumbai, India; 2AstraZeneca,
Cambridge, United Kingdom; 3Charles River Laboratories,
Skokie, IL; 4GlaxoSmithKline, Ware, United Kingdom; 5Health
and Environmental Sciences Institute, Washington, DC; 6L’Oréal,
Aulnay sous bois, France; 7Marilyn Aardema Consulting LLC,
Fairfield, OH; 8Procter & Gamble, Cincinnati, OH; 9Ramboll Environ,
Little Rock, AR; 10Swansea University, Swansea, United Kingdom;
11US FDA, Jefferson, AR; and 12US FDA, Silver Spring, MD.
Nanomaterials (NMs) are increasingly present in commercial products and therapies. Their unique properties present special challenges
in safety evaluation. An international working group, the Genetic
Toxicology Technical Committee of the International Life Sciences
Institute’s Health and Environmental Sciences Institute, has critically
reviewed the published literature for the Ames assay; in vitro mammalian mutation, chromosomal aberration, micronucleus, and comet
assays; and in vivo micronucleus, comet and transgenic mutation
assays. The analysis found great diversity in the in vitro tests. Many did
not use validated cells or Organisation for Economic Co-operation and
Development (OECD) Test Guideline methods. Thus many results could
not be interpreted. In vivo assays were less common but were more
consistent with validated methods. It was not possible to develop con-

2270 Optimization of Direct Double-Strand Break

Labeling Assay for Genotoxicity Assessment

the stomach from 7.6% to 33.4%, in the skin from 11.9% to 38.9%, in
the kidney from 6.6% to 33.3%, in the lung from 6.2% to 36.0%, in the
bladder from 8.1% to 36.1%, in the spleen from 7.6% to 35.0%, and the
brain from 7.6% to 35.5%. The procedures used in this study are reliable
and the organs selected are sensitive to genotoxic compounds such as
EMS at 200 mg/mL which induced positive response in all these organs.

2272 Validation of the Toxtracker Reporter Assay for

the Genetic Toxicology Assessment of Petroleum
Products

G. Hendriks3, R. S. Derr3, P. I. Racz3, H. B. Ketelslegers1, and P. J.
Boogaard2. 1Concawe, Brussels, Belgium; 2Shell International, Den
Haag, Netherlands; and 3Toxys, Leiden, Netherlands.

Most quantitative in vitro genotoxicity assays rely on indirect measurements of DNA damage. While these provide valuable information on
the potential for genotoxicity, and are useful for screening applications,
they are not currently useful for determining points of departure for
safety assessments. Interference by cytotoxicity at high doses, cell cycle,
diminished repair, and the reliance on cycling cells, limit current application. Thus, current strategies continue to rely on in vivo methods for
deriving points of departure for genotoxic compounds. With support
from the SOT Colgate-Palmolive Grant for In Vitro Testing, we developed
a novel in vitro assay for detection of double strand breaks (DSBs) in
situ. The direct DSB labelling assay (DDL) labels DSBs with a fluorescent
tag in intact nuclei, which reduces confounding effects of apoptosis,
cytotoxicity, and damage induced during sample processing associated
with traditional methods. Implementation in 96-well plates and fluorescence measurements with flow cytometry support high throughput
applications. Initial studies with known DNA damaging compounds
were completed in HT1080 human fibrosarcoma cells, as these represent the species of interest and recapitulate all major cellular responses
to DNA damage. Preliminary data were collected with 24 hr treatments
of N-ethyl-N-nitrosurea (ENU), cisplatin (CIS), and chromium (Cr(VI)).
For all compounds, the LOELs were similar between the DDL and MN
assays (3 vs. 3mM ENU, 3 vs. 3 µM CIS, and 0.3v vs. 1 Cr(VI) for DDL vs.
MN), indicating the DDL assay is as sensitive as the commonly used MN
assay. Moreover, the DDL assay showed less interference by cytotoxicity
at high doses. Preliminary data indicates that the DDL method provides
a novel tool to determine direct DNA damage at relevant chemical concentrations compared to traditional in vitro models. Future studies are
focused on determining optimal assay conditions, including timing of
chemical treatment, additional cell models, and further validation with
known false positive, false negative, and true positive chemicals.

Certain poorly refined petroleum streams that contain relatively high
levels of PACs are known to have mutagenic properties and cause
skin tumours in mice, as shown in standard 2-year skin carcinogenicity assays. Since this guideline test has obvious time, cost and animal-welfare constraints, screening assays were developed such as the
IP346 assay (carcinogenicity) and Modified Ames test (mutagenicity).
To further underpin these assays and increase their predictivity by
including mode of action assessment, 12 petroleum substances (highlyand poorly refined) were tested in the ToxTracker reporter assay, which
was adapted with regard to the bioactivation system to allow for testing
of petroleum substances. ToxTracker is a panel of six validated mammalian stem cell lines each containing a GFP reporter to detect induction
of DNA damage, oxidative stress and protein damage in a single test
(Hendriks et al. Tox Sci 2016). ToxTracker can be used in mode of action
approaches in genetic toxicology and carcinogenicity hazard assessment. DMSO extracts, containing the “biologically active” fraction (i.e.
aromatics) of the petroleum substances were prepared following standard procedures. These DMSO extracts were tested in the ToxTracker
assay at 3 different levels of cytotoxicity (10, 25 and 50%), along with
4 positive control samples. The DMSO abstracts were analysed in the
absence and presence of S9 liver extract to include a metabolising
system. In parallel, aliquots of these DMSO extracts were tested in the
standard Modified Ames test for validation purposes and analysed by
PAC2 analysis to determine the PAC levels in the samples. ToxTracker
showed that poorly refined petroleum streams containing high levels
of PAC are genotoxic as observed by induction of the Bscl2-GFP and
Rtkn-GFP genotoxicity reporters. Activation of the Bscl2-GFP reporter
is associated with induction of bulky, promutagenic DNA lesions and
the Rtkn-GFP reporter with induction of DNA strand breaks. The poorly
refined petroleum extracts also induced high levels of oxidative stress
and protein damage, in line with the complex toxicity profile of these
extracts. Highly refined products did not induce any cytotoxicity or activation of the ToxTracker reporters. These observations were confirmed
by the results of the Modified Ames assay.

2271 Implementation of the Comet Assay in Eight

2273 Development of the In Vivo Alkaline Comet

K. M. Dunnick, S. Rowley, S. M. Ross, and R. A. Clewell. ScitoVation,
Research Triangle Park, NC.

Target Organs and Tissues of the SpragueDawley Rat

F. Merah, G. Marceau, M. Ghoussoub, S. Lavallée, N. Boudjadja, and
A. Nelson. ITR Laboratories, Montreal, QC, Canada. Sponsor: W.
Ruddock.
The comet assay utilizes single-cell gel electrophoresis for the detection of DNA strand breaks in the nuclei of cells isolated from a variety
of animal tissues. It is used as part of the genetic toxicology battery of
tests to identify potential genotoxic compounds in pre-clinical research.
Various target organs may be assessed for genotoxic analysis as required
by the nature of the studied test item, target tissue, dosing method and
metabolism. Here we detail the implementation of the comet assay in
eight target organs or tissues of rats for the purpose of in vivo genotoxicity assessment. Two groups of Sprague-Dawley rats were treated, in six
independent replicates at 24 hours intervals of each other. In each replicate, the first group of animals was treated twice by oral gavage with
ethyl methanesulphonate (EMS) at 200 mg/kg and the second group of
animals treated with water by the same route. Tissues were collected
(liver, stomach, kidney and skin in the first three replicates; and brain,
kidney, spleen and bladder in the last three replicates) in mincing buffer.
Single cell suspensions were prepared, embedded in agarose on glass
slides, lysed, and then subjected to alkaline unwinding and electrophoresis. The migrated DNA slides were then randomized, and stained with
ethidium bromide before scoring. The DNA migration was measured
with Comet Assay IV (Perceptive Instruments) scoring system and %
DNA intensity was compared between groups within each replicate. The
mean percentage values of DNA intensity obtained in this study were
significantly increased (p<0.01) between negative (water) controls (from
6.2% to 11.9%) and EMS-treated tissues (from 33.2% to 38.9%). More
specifically, DNA intensity increased in the liver from 7.1% to 33.2%, in

Assay for Use with Sprague-Dawley Rat Skin

F. Merah, G. Marceau, M. Ghoussoub, S. Lavallee, N. Boudjadja, and
A. Nelson. ITR Laboratories, Montreal, QC, Canada. Sponsor: W.
Ruddock.
The in vivo alkaline comet assay (Single cell Gel Electrophoresis) is used
for the detection of DNA strand breaks in the nuclei of cells isolated
from different animal tissues. It is part of the genetic toxicology battery
for the detection of potential genotoxic effect of substances. Here we
report on the reproducibility of the comet assay in rat skin tissue and
building a historical control database. Five independent experiments
were performed with Sprague-Dawley rats. Each experiment included
two groups. One group was treated with water (negative control) and a
second group was treated twice with a positive control substance, ethyl
methanesulphonate (200 mg/kg, 10 mL/kg), at 24 and 3 hours before
euthanasia. All the animals were treated via oral gavage. At termination
a section (3x3 cm) of dorsal skin was shaved and removed. The skin was
sliced into strips, immersed in a cold EDTA/PBS solution, transferred into
a trypsin/HBSS solution overnight at 4°C and then rinsed again in cold
PBS. The epidermis was peeled from the dermis and transferred into
a cold RPMI with 10% FBS solution. The epidermal strips were gently
stirred to prepare single cell suspensions, which were then passed
through cell strainers. The isolated cells were laid over agar-coated
slides, lysed, and subjected to electrophoresis. The prepared slides were
then stained with ethidium bromide and evaluated under a fluorescent microscope. The DNA migration was measured with the Comet
Assay IV scoring system (Perceptive Instruments) and % DNA intensity
was compared between groups within each experiment. The results
obtained indicated that there is significant increase in DNA migration
between the negative and the positive controls (P< 0.01); and the results
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clusions on NM activity or mechanism of action. However, the limited
responses observed for most NMs were consistent with indirect genotoxic effects, rather than direct interaction of NMs with DNA. We therefore propose a revised genotoxicity test battery for NMs. Because the
Ames assays are considered uninformative for NMs due to limited particle uptake, they are omitted, as is the addition of S9 unless particularly
indicated. The recommended test battery includes in vitro mammalian
cell mutagenicity and clastogenicity assessments. In vivo tests would be
added only if warranted by information on specific organ exposure or
NM sequestration. Additional recommendations include NM characterization in the test medium, verification of uptake into target cells, and
OECD Test Guideline compliance.

are reproducible between the five experiments. The mean values of the
negative and positive controls were (16.89, 41.94) and (13.66, 35.21),
(7.37, 33.22), (12.49, 44.26) and (15.75, 39.33) in the five experiments. In
summary, this technique can be used to prepare single cell population
to perform Comet assay on skin for dermal studies in rats.

2274 Defining a Cancer Cell-Specific Mechanism of
Resistance to Topoisomerase I Poisons

E. Mutter-Rottmayer, R. Martinez-Chacin, and C. Vaziri. University
of North Carolina at Chapel Hill, Chapel Hill, NC.
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Lung cancer has an 82% mortality rate, resulting largely from the failure
of conventional chemotherapeutics. Cancer cells frequently rely on
DNA damage tolerance and repair pathways to resist chemotherapy
agents, yet the mechanisms by which these pathways are activated are
not understood. This knowledge gap is a significant barrier that currently impedes the effective treatment of cancer. RAD18 is an E3 ubiquitin ligase that activates several genome maintenance pathways that
confer resistance to anti-cancer pharmaceuticals used in the treatment
of non-small cell lung cancer (NSCLC), including Topoisomerase I inhibitors (e.g. camptothecin (CPT) and its analogs). RAD18 promotes repair
of CPT-induced lesions by activating DNA repair via the Fanconi Anemia
(FA) pathway. We have recently discovered that the cancer/testis
antigen MAGEA4 binds and stabilizes RAD18, potentially enhancing
DNA damage tolerance and repair capacity in a tumor-specific manner.
Strikingly, we have found that depletion of MAGEA4 sensitizes NSCLC
cells to CPT treatment, identifying a novel mechanism by which cancer
cells aberrantly overexpress a germ cell protein to promote chemotherapeutic resistance. We thus propose that MAGEA4 is a promising
therapeutic target whose inhibition will be innocuous to normal cells
but would greatly sensitize cancer cells to existing chemotherapeutic
agents. Importantly, we have already established an AlphaScreen
(Amplified Luminescent Proximity Homogeneous Assay Screen) for the
MAGE-RAD18, which can be used as a platform for screening small molecules inhibitors of MAGEA4-RAD18 interaction. Our work addresses
key unanswered questions regarding cancer cell-specific genome maintenance mechanisms that determine therapeutic outcomes and will
help explain how neoplastic cells acquire chemoresistance and evade
therapy. This research may eventually validate MAGEA4-RAD18 as a new
therapeutic target and facilitate development of personalized medicine
based on MAGEA4 status.
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2275 Interspecies Comparison of Mutant Frequency in
Big Blue Transgenic Mice and Rats
®

R. Young, and H. Dinesdurage. BioReliance, Rockville, MD. Sponsor:
M. McKeon.
The Big Blue® (BB) Transgenic Rodent (TGR) mutation assay is used to
investigate mutagenic mode of action following positive genotoxicity
or carcinogenicity results in mice and rats. BB mice (C57BL/6) and rats
(Fisher 344) share identical lambda phage shuttle vectors using the
same cII target/reporter gene. Having two species permit selection of
the more appropriate species based on factors such as toxicology, pharmacology or metabolism and permits interspecies comparisons of mutagenesis. Background mutant frequency (MF) and induced MF by a direct
acting mutagen (ENU) and one requiring metabolic activation (BaP)
were evaluated. Tissues represent “slow dividing” and “fast dividing”
tissues as described in OECD 488 and various site of first contact tissues
based on dose route. All mouse and rat somatic tissues evaluated had
similar background MF with low variability between tissues and species.
For example, MF (x 10-6) were 46.7 ± 21.5 for mouse and 43.6 ± 15.5 for
rat liver and 43.6 ± 15.5 for mouse and 35.7 ± 12.7 for rat bone marrow.
For other mouse tissues (forestomach, glandular stomach, colon, nasal
and lung) MF ranged between 41.7 and 68.9 and rat tissues (duodenum,
jejunum, gingiva/buccal and gingiva/palate) ranged between 39.4 and
53.5 with similar low variation as seen in liver and bone marrow. Both
ENU (40 mg/kg day mouse or 20 mg/kg/day rat, dosed days 1-3 and necropsied day 31) and BaP (50 mg/kg/day mouse and rat for 28 days and
necropsied day 31) induced significant increases in MF in all tissues analyzed. The slow dividing liver gave fold increases in both mouse and rat
with both chemicals between 3.6 and 5.8. As expected, faster dividing
tissues in both species gave higher induced MF than liver (mouse 5.5 to
18.6 with ENU and 9.7 to 16.6 with BaP; rat 7.2 to 11.1 with ENU and 17.8
to 23.8 with BaP). Mouse lung behaved as a slow dividing tissue with
a fold increase of 2.6 with ENU. Dosed water administration of 4-NQO
(10 ppm in drinking water for 28 days, necropsy day 31), a tumorigenic
concentration in the oral cavity but not systemically, gave significant
fold increases of 17.4 in the gingiva/palate and 19.7 in the gingiva/
buccal region of the mouth but not liver (1.3) or bone marrow (1.5).

These results demonstrate the similarity of background MF in a range
of BB mouse and rat tissues, the similarity in response between mouse
and rat in exposure to ENU and BaP and tissue specificity with 4NQO
thereby demonstrating the equivalence between BB mice and rats and
the robustness of the assay.

2276 Use of Miniaturized Bacterial Mutagenicity
Assays for Drug Candidate Screening and
Impurity Evaluation

S. G. Sawant, L. Xu, and A. Smith. Covance Inc., Greenfield, IN.
Mutagenicity evaluation is required by regulatory agencies prior to first
in human trials and/or pharmaceutical marketing. Early screening of
drug candidates for mutagenic potential is beneficial to reduce mutagenicity-related late stage attrition and maximize hazard identification
while minimizing resource expenditure. The 6- and 24-well plate assays
require significantly less amount of test article and are similar to the
plate incorporation method using full plates. The purpose of this validation study is to demonstrate a comparable sensitivity of the miniaturized versions to the full plate assay. A total of 10 known Ames negative
(anthracene, 6-mercaptopurine, L-methionine) and positive (2-aminoanthracene, benzo[a]pyrene, 7,12-dimethylbenz[a]anthracene, ICR-191,
2-nitrofluorine, 4-nitroquinoline-N-oxide, sodium azide) compounds
as well as two pharmaceutical-related starting materials/ impurities
(1-H-pyrazole-4-boronic acid and 4-methoxycarbonyl-phenylboronic
acid) were used in the validation studies. Ames assay was performed
simultaneously using full, 6-well, and 24-well plates for each validation
test article in the presence and absence of rat liver induced metabolic
activation system. Overall study conclusions were compared between
the miniaturized formats and the full plate assay. Additionally, sensitivity
of the miniaturized assays was evaluated by comparing outcome from
each tester strain/test condition and also by comparing corresponding
test compound concentrations between 6- and 24-well plate formats
with the full plate assay results. Comparison of study data shows that
both miniaturized formats correctly predict the mutagenicity outcome
of all test compounds in the full plate assay and with a high concordance
(~ 95%). The results indicate that the miniaturized formats provide an
opportunity to conduct evaluation of drug candidates and drug impurities for mutagenic potential at an earlier stage in discovery and with a
reduced compound requirement.

2277 The BlueScreen Assay in Combination with

Derek Structural Alerts to Predict the Genotoxic
Potential for Fragrance Materials

J. Wahler3, Y. Thakkar3, B. A. Wall1, C. Hickey2, and A. M. Api3.
1Colgate-Palmolive Technology Center, Piscataway Township,
NJ; 2Firmenich, Inc., Plainsboro, NJ; and 3Research Institute for
Fragrance Materials, Inc (RIFM), Woodcliff Lake, NJ.
BlueScreen HC is a mammalian cell-based assay for measuring the genotoxicity and cytotoxicity of chemical compounds and mixtures. In this
assay a genetically modified strain of cultured human lymphoblastoid
TK6 cells is used (GLuc-T01). Incorporated into this strain is a patented
Gaussia luciferase (GLuc) reporter system that exploits the regulation of
the GADD45a gene, which mediates the adaptive response to genotoxic
stress. BlueScreen in combination with Derek Nexus in silico genotoxicity predictions has been utilized at the Research Institute for Fragrance
Materials (RIFM) in a safety assessment program as a screening tool to
prioritize materials for testing, as supporting evidence when using a
read-across approach, and as evidence to adjust the threshold of toxicological concern (TTC). Predictive values (positive and negative) for
the BlueScreen assay were calculated based on the ability of the assay
to judge the outcome of two traditional in vitro genotoxicity assays for
fragrance materials. A set of 194 fragrance chemicals were assessed
in the BlueScreen assay along with two in vitro genotoxicity assays,
the Bacterial Reverse Mutation Test and the In Vitro Mammalian Cell
Micronucleus Test conducted in compliance with GLP regulations and in
accordance with OECD 471 and OECD 487, respectively. The BlueScreen
results in combination with Derek structural alerts for genotoxicity are
highly predictive of positive and negative results from regulatory compliant in vitro genotoxicity assays for the test set of materials, when used
properly. The combination of a BlueScreen negative result and no Derek
structural alerts for genotoxicity was in >92% alignment with negative
results obtained in in vitro genotoxicity assays. Fragrance materials
which exhibit either a positive result in the BlueScreen assay or a Derek
alert for genotoxicity was in >68% alignment with positive results in in
vitro genotoxicity assays. Based on this analysis the BlueScreen assay in
combination with Derek in silico predictions is a useful highthroughput
screening approach in safety assessment program.

Assay (RSMN) Using the Epiderm Tissue:
Validation and Application to the Safety
Assessment of Cosmetics Ingredients

S. Pfuhler6, M. Aardema5, S. Roy2, J. Scheirer2, R. Kulkarni2, N. Wilt4,
E. Costin4, B. Barnett1, R. Curren4, S. Hoffman7, and B. Despuez3.
1Addeco, Cincinnati, OH; 2BioReliance, Rockville, MD; 3Cosmetics
Europe, Brussels, Belgium; 4IIVS, Gaithersburg, MD; 5Marilyn
Aardema Consulting, Fairfield, OH; 6Procter & Gamble, Mason, OH;
and 7Seh Consulting, Paderborn, Germany.
Cosmetics Europe has funded projects to establish genotoxicity assays
using new in vitro models - the micronucleus and comet assay using
3D reconstructed skin tissues. These 3D test systems provide a more
realistic model for topically applied chemicals, such as cosmetics. The
Reconstructed Skin Micronucleus assay (RSMN) using the EpiDerm skin
model has been shown to exhibit good transferability and inter- and
intra-laboratory reproducibility in validation studies to date. There was
an excellent overall specificity (> 90%) based on 38 coded chemicals
with only 3 false-positives. The sensitivity observed with the standard
48h treatment protocol was lower (65%) which led to assay procedure
modifications of extending the treatment from 48h to 72h to account
for genotoxins that require metabolic activation and optimizing dose
selection. Bridging studies were performed to evaluate the modified
protocol which included a 72h treatment as verification of negative or
equivocal results in the initial 48h treatment and use of a maximum
2-fold dose interval. Twelve coded chemicals were tested in 3 labs (every
chemical tested in 2 labs). These studies showed that the sensitivity of
the standard 48h treatment protocol was improved by including an
extended 72h treatment (tentatively calculated to be 88%). Importantly,
the modified protocol did not compromise the specificity of the RSMN.
Although the addition of the 72h treatment did not increase the number
of false positives, two false positives (resorcinol and diclofenac) after a
48h dosing regimen deserve further investigation. These studies also
confirmed the importance of refined dose spacing and consideration of
cytotoxicity criteria. These validation studies using coded compounds
provide support for the use of the RSMN as a follow-up for positive
results from the standard in vitro genotoxicity battery.

2279 Recovery of mtDNA Stability through New
Mitochondrial Targeting Compounds

T. Williamson, C. Chou, and S. Chan. Medical University of South
Carolina, Charleston, SC. Sponsor: P. Ganey.
Mitochondrial dysfunction is an important contributor to many
common human diseases. A key component often affected that leads
to disease states is mitochondrial DNA (mtDNA) stability. The source
of these instabilities is often heritable genetic defects, however, exposures to environmental toxicants (e.g. rotenone, benzo[a]pyrene) or
pharmaceuticals (e.g. AZT, chloramphenicol) are equally important. The
underlying roles of mtDNA instability in driving tissue-specific manifestations of disease are poorly understood. We have developed new
and unique models of mtDNA instability that allow us to understand
disease pathogenesis and progression. Our models focus on a major
locus involved in such instability: POLG, encoding DNA polymerase
gamma, the sole replicative mtDNA polymerase. Recent results demonstrate a severe depletion of mtDNA and the presence of deletions as
early as 1 week. Observed decreases in survival and changes in respiration recapitulate human disease conditions and suggest that initial
problems with mtDNA stability lead to downstream issues with oxidative phosphorylation. We have developed novel compounds based on
Vitamin K (VK) that improve mitochondrial health (structures published
in our Neuroscience paper (Rahn et al. 2014)). These new compounds
have efficacy in zebrafish and mouse models of epilepsy and Parkinson’s
disease; both of these diseases can be caused by mtDNA instability. We
therefore hypothesized that our VK compounds will improve mtDNA
stability in our models of deficiency. Our data show that zebrafish with
mtDNA depletion can recover mtDNA copy number when dosed with
our lead VK compound at an early larval stage. The dose to Polg homozygous mutants required to stimulate recovery does not effect change
in mtDNA in wild-type individuals, indicating a large therapeutic index
which can be leveraged for better optimization. As the dosing regimen
does not currently improve respiration in homozygous individuals, we
are now optimizing dosing for longer than 24 hrs and elucidating modulated pathways. Our VK analogs represent a novel therapy for human
diseases resulting from mtDNA instabilities triggered through genetic
defects or environmental exposures.

2280 A Comparison of the Biokinetics of Nanoceria

after Intravenous, Inhalation, Instillation, and
Oral Exposure Using PBPK Modeling

T. P. Moto2,1,, U. Carlander1, A. A. Desalegn1, and G. Johanson1.
1Karolinska Institutet, Solna, Sweden; and 2University of Pretoria,
Pretoria, South Africa.
Aim: Use PBPK modelling to compare the systemic biodistribution after
inhalation, instillation and oral exposure to that of intravenously (iv)
administered nanoceria. Materials and Methods: Experimental biokinetic data in rats were collected from the literature and investigated
with our previously developed PBPK model. The model was first calibrated and validated for 5 nm and 30 nm nanoceria given iv, and then
used to predict the biokinetics of various sizes administered iv. In a
third step, the model was modified to allow biokinetic predictions for
inhalation, instillation and oral exposure. These three routes were also
compared to the iv route by calculating tissue:liver concentration ratios.
Ratios rather than absolute concentrations were used to account for
differences in dose and absorbed fraction between studies and routes.
Results: The PBPK model adequately described the biokinetics of 5 nm
nanoceria given iv. The biokinetics of the other sizes and exposure
routes were less well described by our model. A limitation when modeling the inhalation, instillation and oral exposure data was that, due
to the low uptake, tissue levels were very low, variable and unreliable.
Yet, the PBPK model and the comparison of concentration ratios both
suggest route-dependent biokinetics of nanoceria. Conclusion: The biokinetics of nanoceria seem to depend on nanoparticle properties, dose
and route of exposure.

2281 Nano In Vitro Cellular Uptake Simulator (NICUS):
A New Model to Quantitate Nanomaterial
Endocytosis Kinetics and Intracellular Dose

Z. Lin, M. Jaberi-Douraki, N. A. Monteiro-Riviere, and J. E. Riviere.
Kansas State University, Manhattan, KS.
Cellular uptake kinetics and intracellular dose are important for
designing therapeutically effective nanoparticles (NPs) and for assessing
NP safety using target cell dose response analysis. Currently, NP cellular
uptake is evaluated based on various experimental designs and analytical methods, making it difficult to undertake a comparison of the
kinetics across different NPs. There are models that predict the delivered dose of NPs in vitro, but there is no model that can simulate the
uptake kinetics and intracellular dose. This study created a model to
quantitate the uptake kinetics and intracellular dose of different NPs
in human cells. To support model development, time-dependent cellular uptake data were collected for 40 and 80 nm gold nanoparticles
(AuNPs) with different surface coatings (branched polyethyleneimine
[BPEI], lipoic acid [LA], or polyethylene glycol [PEG]) with or without
protein coronas in four human cell types, endothelial, hepatocytes, renal
proximal tubule epithelial cells, and epidermal keratinocytes. A mathematical model describing the endocytosis and exocytosis processes
of NPs using the Hill function and a first order linear equation, respectively, was created using MATLAB®. The Latin Hypercube Sampling
(LHS) algorithm in combination with Partial Rank Correlation Coefficient
(PRCC) was incorporated into the model to optimize the multi-dimensional parameter space. Simulation results showed that the model was
able to characterize the uptake profile for the majority of AuNPs and
quantitate the cellular uptake kinetic parameters, including the uptake
rate, release rate, and maximum uptake capacity, for each AuNP type
in each cell type. The mathematical model was converted to an easyto-use graphical user interface (GUI), called Nano In Vitro Cellular Uptake
Simulator (NICUS). NICUS was used to simulate the uptake kinetics and
the intracellular dose of various AuNPs in four different cell types, and
may potentially be used for other types of NPs in other cell types. We
propose that cellular uptake kinetics should be included as part of the
characterization process of NPs and a standard visualization platform
such as NICUS would facilitate this goal for non-mathematicians.

2282 Decision-Support Framework for Evaluating

Health and Safety Implications of Engineered
Nanomaterials

W. K. Boyes2, and L. Thornton1. 1Duke University, Durham, NC; and
2US EPA, Durham, NC.
Engineered nanomaterials (ENM) are a growing aspect of the global
economy. To ensure their safe and sustainable development, use and
eventual disposal, the capability to forecast and avoid potential human
health and ecological issues is essential. Areas of concern include the
releases of ENM into the environment, including purposeful releases
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2278 The 3D Human Reconstructed Skin Micronucleus

such as for antimicrobial sprays or nano-enabled pesticides, and inadvertent releases as a consequence of other intended applications in consumer and industrial settings. Considerations encompass product life
cycles, environmental media, exposed populations and possible adverse
outcomes. A decision-tree framework composed of a series of compartmental flow diagrams was developed as a basis to help derive future
quantitative predictive models and to support risk-based decisions. The
activity of ENM in environmental and biological systems is difficult to
predict due to the multiple dynamic interactions and transformations
and similarly complex environmental conditions. The nodes and interactions of the proposed framework reflect phase transitions that could
be targets for development of simple intermediary functional assays
to estimate kinetic reaction rates and better enable model predictions
from inherent ENM physicochemical properties or behavior. This framework, with targeted functional assay data, could allow more efficient
and effective de novo predictions of potential exposures and adverse
outcomes. This abstract does not reflect US EPA policy.

2283 Aerosolized Gold Nanoparticle Suspensions and
Spark-Generated Gold Nanoparticles Do Not
Readily Enter the CNS

C. Wong, B. Gelein, A. Kennell, G. Oberdörster, and A. Elder.
University of Rochester, Rochester, NY.
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Studying the deposition of inhaled particles and their fate, especially
in the central nervous system (CNS), is important to better understand
the mechanisms by which engineered nanomaterials and ambient
ultrafine particles (<100nm) found in air pollution affect health. It has
been shown that some nanosized particles can enter the CNS through
olfactory transport or the vasculature following intratracheal instillation
or inhalation of the particles. Fewer studies have examined biodistribution of particles from whole body inhalation exposures, particularly
entry of these particles into the brain. Here, we compare the differences
between the retained dose of spark-generated gold nanoparticles
(AuNP) and colloidal AuNP in the brain and lungs. C57BL6/J mice were
exposed via whole body inhalation to spark-generated AuNP (count
median diameter (CMD), 20 nm; geometric standard deviation (GSD),
1.5; mass concentration, 0.97 mg/m3 ) for 6 hours a day for 8 days. In a
separate cohort of mice colloidal AuNP (20nm) suspensions were aerosolized using a jet nebulizer to expose mice via whole body inhalation
for 6 hours a day for 4 days (CMD, 157 nm; GSD, 1.4; mass concentration, 0.52 mg/m3). Brain tissues (olfactory bulb, hippocampus, striatum,
frontal cortex, cerebellum) and whole lung were harvested 24 hours
after the last exposure and the Au content analyzed by inductively-coupled mass spectrometry. The deposited dose in the lungs were 15.96 ±
5.7 µg for spark-generated AuNP exposed and 0.2± 0.02 µg for colloidal
AuNP exposed. The retained dose in the various brain regions analyzed
for spark-generated AuNP exposed had very few tissue samples that had
measurable amounts of Au while colloidal AuNP exposed brain tissues
were highly variable (0.031 - 0.113 ng). From this study, we show that it
is difficult to detect AuNP, spark-generated or aerosolized colloidal suspension, in the brain. For the gold we did detect in the brain, these particles most likely entered the CNS by vasculature accumulation instead
of direct transport via the olfactory neurons. It is possible that direct
transport via the olfactory route is material dependent, explaining why
others have shown measurable amounts of other nano-materials in the
brain. (This work was supported by NIH Grant R01ES020332, NIEHS Training
Grant T32ES007026, NIEHS Center Grant ES001247)

2284 Quantitative Elemental Bioimaging Reveals a

Predominant Uptake of Silver Nanoparticles by
Alveolar Macrophages in Lung Tissue

A. Vennemann1, O. Reifschneider2, F. Blaske2, M. Sperling2, M.
Wiemann1, and U. Karst2. 1IBE R&D gGmbH Institute for Lung
Health, Münster, Germany; and 2University of Münster, Münster,
Germany. Sponsor: R. Landsiedel.
Due to their antibacterial activity silver nanoparticles (Ag-NP) are often
added to medical products. Although increased organ levels of silver
have repeatedly been reported, concentrations are not yet available for
identified cells. To this aim we quantified cell-type specific distribution
of Ag-NP in the lung. Rat lungs were intratracheally instilled with 37.5150 µg polyvinylpyrrolidone (PVP)-coated silver nanoparticles (74±30
nm) previously characterized and provided by the NanoGEM project.
Lungs were removed and inflated with cryo-compound 3 and 21 d after
application. Alveolar macrophages were immunolabeled on cryo-sections (7 µm) with an antibody against CD68 antigen and detected with
both, fluorescence- and gold-labeled antibodies. Regions of interest
were marked on sections after microscopic inspection and the distribution of silver (107Ag , 109Ag) and gold (197Au) was then analyzed with
LA-ICP-MS imaging. A lateral resolution of 4 µm was reached by line-

wise ablation of lung sections. Ag values were converted into quantitative values by means of a matrix-matched Ag standard. In addition
LA-ICP-MS was modified for single particle detection using five differently-sized Ag-NP for calibration. Peak concentrations of silver reached
up to 8 mg/g in CD68 immunoreactive alveolar macrophages, which
were identified in LA-ICP-MS images by specific gold labeling. A far
lower and more evenly distributed silver signal (up to 100 µg/g) was
associated with alveolar septae suggesting a moderate uptake of silver
into epithelial cells. Silver signals found in groups of macrophages and
in adjacent regions could be identified as to be particulate in nature.
However, unlike results obtained with pure cryo-fixation of the tissue,
post-fixation steps could lower the apparent particle size distribution
and particle concentration. To summarize, LA-ICP-MS in conjunction
with immunocytochemical staining is a powerful technique to quantify
nanoparticles within identified cells in tissue. The concentration of particles as found here appears useful to adjust the cellular dose of in vitro
models based on alveolar macrophages and/or epithelial cells. This study
is part of the project “NanoBioDetect”, sponsored by BMBF (FKZ 03X0146).

2285 Single Particle Inductively Coupled Plasma Mass
Spectroscopy (SP-ICP-MS) As a Sensitive Tool
for Detecting, Characterizing, and Quantifying
Nanoparticles in Cultured Media and Cells

M. DeBrosse, A. Mendlein, and S. Hussain. AFRL/RHDJ, Dayton, OH.
Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) is the most
sensitive elemental spectroscopy technique capable of detecting metals
and some non-metal at concentrations as low as one part per quadrillion
(10-15 or ppq). Effectively evaluating toxicity as it corresponds with concentration requires a high degree of precision and accuracy making the
ICP-MS a highly sought after sensitive elemental analyzer. Classic ICP-MS
concentration analysis in combination with the Nano Application Model
for single-particle size analysis (SP-ICP-MS) provide a new and powerful
standard of nanoparticle characterization for nanotoxicology research.
Here we report application of SP-ICP-MS to quantify the size distribution
and number of nanoparticles that have been internalized in cells and
correlate this with cytotoxicity data. Citrate-coated gold nanoparticles of
various diameters (15, 50, and 100 nm) were taken as reference materials
and exposed to A549 cell line at a range of concentrations (5, 20, 50, 100
ug/mL) for 24h. After exposure, cells were pelleted, washed to remove
excess nanoparticles, and lysed to collect the remaining internalized
nanoparticles. Analyzing single particle data versus initial dosage values
show a disparity in the actual number of nanoparticles that enter and
effect the cell. The SP-ICP-MS results validate that only a fraction of the
number of particles in the initial gold nanoparticle dosage enter the cell,
which correlates with the observed cytotoxicity. Those nanoparticles
that are internalized display a uniform size distribution. Single-particle
ICP-MS methodology has shown to provide a simple, one-step tool to
accurately determine the size and number of nanoparticles for toxicological research. Distribution A: Approved for public release; distribution
unlimited. (PA Case No. 88ABW-2016-4585, 17 Sept 2016)

2286 In Vitro Aerosol Exposure of Nanoaerosols: From
Laboratory to Field Validation

Tilly1,

T.
M. T. Nelson1, D. Mattie1, C.-Y. Wu2, and S. M. Hussain1.
1Air Force Research Laboratory, Dayton, OH; and 2University of
Florida, Gainesville, FL.
The boom use of nanomaterials (NMs) for multiple applications to industrial and consumer products has led to the need for exposure nanotoxicity assessment. In vitro toxicity methods have been adapted or created
to answer many of the safety concerns posed by the increased incorporation and potential exposure of NMs; however, typical dosing methods
require dispersion of materials in liquid causing particle exposure by
sedimentation and diffusion from media to cells. Because inhalation is a
primary route for human exposure to NMs in operational environments,
novel in vitro toxicity methods are required to more accurately reflect
the actual exposure. Commonly when determining the exposure toxicity from an operational environment, the material is first collected and
then dispersed from the collection media for toxicological evaluation.
We have designed an aerosol exposure chamber (AEC) that allows the
NM laden aerosol in the environment to directly exposed to cultured cell
models. We have validated the AEC in the laboratory by exposing A549
lung cells to CuO, NiO, and ZnO nanopowders, dispersed by acoustic
agitation, and in the field by exposing to the nanoaerosols created from
firing M9 and M4 DoD weapons at the firing range. In both exposures,
we assessed cell viability using lactate dehydrogenase and alamarBlue
and inflammation/irritation response using IL-8 ELISA. We observed a
dose dependent toxicity response from cells was exposed to the laboratory nanopowders, finding CuO and ZnO reduced viability to ~40% at
concentrations of 1.87 and 24.1 µg/cm2, respectively. Cellular exposure

2287 Big Data, Meet Chemical Carcinogenesis! Are
There New Solutions for an Old Problem?

U. Apte. University of Kansas Medical Center, Kansas City, KS.
The ability of chemicals to cause cancer is a highly relevant end point
with a significant public health impact. Determining the mechanisms
by which chemicals modulate normal cellular pathways to induce neoplastic transformation and growth is central to the discipline of toxicology. New data obtained via development of new animal models
combined with high throughput ‘omics technologies has revolutionized the way we identify modes of action (MOA). These new “Big Data”assisted technologies have highlighted several novel molecular targets
involved in chemical carcinogenesis and changed our understanding of
MOA. Development of molecular networking tools has revealed novel
gene networks that regulate neoplastic growth secondary to chemical
exposure. A completely unbiased adverse outcome pathway analysis is
yet another approach that can revolutionize understanding the mechanisms of chemical carcinogenesis. Despite several key advances, major
challenges remain in employing the new systems biology based big
data techniques to chemical carcinogenesis research. This symposium
will bring together scientists bringing “Big Data” methodologies to the
chemical carcinogenesis field. The new frontiers of using data analytics
to study chemical carcinogenesis and the challenges ahead will be discussed.

2288 Mode of Action in Chemical Carcinogens: Setting
the Baseline

J. Klaunig. Indiana University, Bloomington, IN.
Understanding the mode of action of chemical carcinogens is critical
for risk assessment of the chemicals. Every decade since the 1940s has
seen major advances in our understanding of the mechanism by which
chemical induce cancer. It is now apparent that the previous simplistic
view that chemicals that induce cancer interact with DNA, induce a
mutation, which results in the formation of a neoplasm, is not complete.
The advent of “Big Data” technologies, including global gene expression analyses, genome wide association studies, and deep sequencing
techniques, which reveal disease specific posttranscriptional changes,
has revolutionized our understanding of pathophysiology. As our
knowledge base increases, it is evident that modifications of multiple
intracellular and extracellular processes by chemical agents contribute
to the induction of a neoplasm. Chemical modulation of metabolism,
gene expression, DNA repair processes, immune surveillance, inflammation, cell to cell communication, and changes in target cell function
and structure contribute to the formation and growth of preneoplastic
cells and their progression to the malignant state. The multitude of
changes in the target cell and its microenvironment must be considered
in applying mode of action analysis to potential carcinogenic human
risk. Whereas the lessons learned from “Big Data” analyses are extremely
valuable, they come with caveats, which should be critically considered
when using these data. Using our knowledge of liver cancer, this talk will
discuss the accepted theories of chemical carcinogenesis, and expand
upon boons and bans of using “Big Data” to further our understanding
of chemical carcinogenesis mechanisms.

2289 Integrating Toxicogenomics Data into Adverse
Outcome Pathways for Cancer

constitutive activated receptor (CAR), peroxisome proliferator-activated
receptor alpha (PPARalpha), and sex steroid receptors) and increases
in cytotoxicity and downstream KEs including increases in oxidative
stress (using Nrf2 activation as a surrogate), and inflammation. These
biomarkers were used to comprehensively assess MIE/KE modulation
by ~200 chemicals linked to known incidences of hepatocellular adenomas and carcinomas in rodents under chronic exposure conditions.
The analysis highlighted a number of features of chemically-induced
mouse liver tumor induction: 1) most carcinogenic chemicals activated
multiple MIEs; 2) simultaneous assessment of known AOPs uncovered
unexpected KERs between TFs (e.g., activation of CAR and Nrf2); and 3)
in vitro models evaluated were generally poor surrogates of the intact
liver in prediction of events. Because chemical-independent (and potential modulating) factors that regulate the MIEs/KEs are simultaneously
evaluated in the database (e.g., diet, genetic background, and life stage),
the integrated predictions may inform assessment of cumulative risk
using AOPs. (This presentation does not represent EPA policy.)

2290 Warburg-Like Differential Gene Expression and
Metabolic Reprogramming during Progression
of Cancer Pathogenesis: Lesson Learned from
Liver Cancer Studies

T. Zacharewski. Michigan State University, East Lansing, MI.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds
elicits dose-dependent hepatic fat accumulation, inflammation, and
fibrosis in mice that may predispose animals to the development of
hepatocellular carcinomas. To further investigate the mechanisms
involved, we have manually and computationally integrated complementary ChIP-Seq, RNA-Seq and metabolomic data sets to identify
alterations in central carbon and amino acid metabolism consistent
with these TCDD-elicited phenotypic responses. More specifically, AhR
ligands induced a Warburg-like effect that includes glycolytic reprogramming as well as increased glutaminolysis, NADPH production, and
ascorbic acid synthesis, in support of ROS defenses and excessive extracellular matrix deposition. The roles of iron overloading and heme production in the progression of steatosis to steatohepatitis with fibrosis
will also be discussed. This presentation will demonstrate the integration and interpretation of ‘omic data to identify gene expression and
metabolite changes within specific converging metabolic pathways
involved in the progression of AhR-mediated metabolic disruption
leading to heptocellular carcinoma.

2291 NGS Reveals Novel Targets and MOA in Chemical
Carcinogenesis

U. Apte. University of Kansas Medical Center, Kansas City, KS.
Nuclear receptors are central to pathophysiology and are often involved
in the mechanisms of toxicity induced by chemicals. Large majority of
chemical carcinogen classified as tumor promoters act via activating
nuclear receptor(s). The role of certain nuclear receptors such as PPARa,
and CAR, has been well recognized in chemical carcinogenesis. Recent
studies indicate that other nuclear receptors previously not associated
with cancer pathogenesis play critical role in pathogenesis of cancer,
especially chemical carcinogenesis. This presentation will highlight the
previously unknown role of nuclear receptors such as HNF4a in chemical
carcinogenesis. Whereas the role of these receptors in metabolic processes and differentiation has been known, new studies indicate these
proteins are central in cancer pathogenesis either via their canonical
role or via non-canonical actions driven by chemical exposure. The role
of these receptors as novel targets of chemical carcinogens will be discussed and the use of next generation sequencing (NGS) data in better
understanding MOA involving HNF4a in chemical carcinogenesis by
chemicals such as PFOA and endobiotics such as bile acids will be highlighted.

C. Corton. US EPA, Research Triangle Park, NC.
As the toxicology field continues to move towards a new paradigm in
toxicity testing and safety assessment, there is the expectation that
models will be increasingly developed and refined to enable better prediction of cancer risk from short-term tests in animals or even cultured
cells. The growing number of publically available genomic profiling
studies from chemically-treated animals and cells provides opportunities to construct models for prediction of molecular initiating events
(MIEs) and key events (KEs), and assess linkages between the events as
KE relationships (KERs) in cancer Adverse Outcome Pathways (AOPs).
Using a number of computational approaches, including the comparison of wild-type and nullizygous mice, as well as annotated conditions
in which key events in known cancer pathways occur, we derived gene
expression biomarkers that accurately predict events, including activation of transcription factors (TFs) (e.g., aryl hydrocarbon receptor (AhR),

2292 Chemically-Induced Neuroinflammation and
“Sickness Behavior” Disorders

J. O’Callaghan. CDC-NIOSH, Morgantown, WV.
Neuroinflammation is a dominant theme in contemporary neuroscience.
This is not surprising given the number of neurological disease states,
e.g. Alzheimer’s Disease, Parkinson’s Disease, Huntington’s Disease,
where neuroinflammation has been implicated. Thus, a clear association has emerged among neurodegenerative disorders, and the elaboration of proinflammatory cytokines and chemokines in the CNS, the
core feature of the neuroinflammatory condition. While neuroinflammation often occurs in association with damage to neurons and glia, it
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to nanoaerosols from M4 weapon fire reduced cell viability greater than
from the M9. Our novel exposure device allows for realistic respiratory
exposure by depositing NMs on eight separate in vitro lung cell cultures
at the air-liquid interface. Distribution A: Approved for public release;
distribution unlimited. (PA Case No. 88ABW-2016-4456, Date 15 Sep 2016)

also can occur in the absence of neurodegeneration, e.g. where elevated
concentrations of proinflammatory cytokines are seen with systemic
infection. In these circumstances, neuroinflammation is associated with
sickness behavior, i.e. a constellation of symptoms manifested in loss of
appetite, fever, muscle pain, fatigue, and cognitive problems. Typically,
sickness behavior accompanies an inflammatory response that resolves
with time, with gradual restoration to homeostasis. However, chronic
sickness behavior syndromes can also occur, and may be instigated or
exacerbated by chemical exposures, both from the environment and
pharmaceuticals. In this symposium, we bring together two junior
investigators and two senior investigators to provide an overview of
the central/peripheral immune system interactions that can contribute
to the sickness behavior condition, and present recent preclinical and
clinical data, as well as data from experimental models, on three sickness
behavior disorders: Chemobrain, Gulf War Illness, and Chronic Fatigue.
These presentations serve as examples of the chronic neuroinflammatory condition as an important chemical exposure issue, with implications beyond the disorders and exposures to be presented. The goal of
the symposium is to provide a framework for considering alterations in
the normal inflammatory response of the nervous system as a basis for
complex neurological and physiological disorders that can be initiated
or exacerbated by chemical or pharmaceutical exposure.

2293 Overview of Neuroinflammation and Sickness
Behavior

C. A. McPherson. NIEHS/NIH, Research Triangle Park, NC. Sponsor:
J. O’Callaghan.
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Neuroinflammation in the central nervous system (CNS) is mediated in
part by the production of pro- and anti-inflammatory cytokines that initiate signaling contributing to injury resolution and repair, facilitating
a return of CNS homeostasis. This process can occur in the presence or
absence of structural neuropathology. One clinical manifestation of neuroinflammation is the induction of sickness behaviors including malaise,
lethargy, and hypopagia. This coordinated response of sickness behaviors is driven by pro-inflammatory cytokines, serving as an acute phase
response to infection and injury that enhances survival advantage to the
host. However, if unresolved, they may develop into an adverse state
that has the potential to develop into a chronic condition. Types of sickness behavior that manifests as chronic fatigue, sick building syndrome,
cognitive deficits following chemotherapy, and persistent effects following chemical exposure under stressful conditions, remain of concern
for underlying etiology and therapeutic intervention. We now know that
a line of communication exists between the peripheral and the central
immune systems that may offer an avenue to understand the etiology
of such disease states. Peripheral inflammation can be communicated
to the CNS via circulating monocytes, perivasculature microglia, endothelial cells, or circumventricular organs. Contribution of this communication in an inflammatory response in the CNS has been demonstrated
in both rodent and human studies. Additionally, recent studies have
demonstrated a lymphatic drainage system for the CNS in rodents
that may allow communication to the peripheral immune system. This
cross-talk between the periphery and CNS may result in the propagation of inflammation in the brain vasculature and the brain, including
but not limited to, expression of the pro-inflammatory cytokines interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)a. The interplay between
peripheral and central inflammation may allow for a biofeedback system
to maintain a chronic peripheral/central inflammatory condition, and
underlie diverse neuropathology or manifestation of sickness behavior
resulting from various chemical exposures or CNS disorders..

2294 Chemobrain
C. J. Heijnen. University of Texas M.D. Anderson Cancer Center,
Houston, TX. Sponsor: J. O’Callaghan.
Cognitive impairment following chemotherapy, termed “chemobrain,”
is a relatively common side effect, affecting approximately 25% of
patients receiving the treatment. While many cases of chemobrain are
temporary, cognitive deficits may persist for many years after the treatment. As with other “sickness behavior” disorders, neuroinflammation
and associated mitochondrial dysfunction are thought to contribute to
the chemobrain condition. Cisplatin is one of the chemotherapeutics
shown to induce persistent cognitive deficits representative of chronic
“sickness behavior.” In an experimental model, C57Bl/6J mice received
two cycles of cisplatin treatment (2.3 mg/kg/cycle), and upon subsequent testing in the Novel Object Recognition test and Y-maze showed
impaired learning and memory. This deficit was accompanied a deficit in
mitochondrial respiratory function as evidenced by a marked decrease
in spare respiratory capacity of synaptosomes. This was also accompanied by damage to the myelin sheath as indicated by immunostaining
of myelin basic protein, and a decrease in number of doublecortin+ new

neurons within the subventricular zone (SVZ) and the dentate granule
cell layer of the hippocampus, each of which has been associated with
conditions of chronic neuroinflammation. Nasal administration of mesenchymal stem cells (MSC) in mice following chemotherapy treatment
mitigated cisplatin-induced cognitive impairment, synaptosome mitochondrial deficit, and histological changes in myelin and newly generated neurons in the SVZ and SGZ. Despite the prevalence of chemobrain
among patients receiving chemotherapeutics, no reliable treatments
for the cognitive deficits have been identified. Our data suggest that
treatment with MSC may represent a realistic therapeutic strategy for
the prevention of chemotherapy-induced cognitive impairment and
underlying neuroinflammation.

2295 Gulf War Illness
L. T. Michalovicz. CDC-NIOSH, Morgantown, WV.
Gulf War Illness (GWI) is a chronic multi-symptom disorder characterized by persistent headaches, muscle pain, chronic fatigue, memory loss,
confusion, gastrointestinal disturbances, and rashes. While the illness
is believed to be the result of various toxic exposures during the 1991
Persian Gulf War, the underlying biological cause of this persistent illness
is still being investigated. The alignment of GWI with sickness behavior,
a collective of behavioral symptoms that has been associated with neuroinflammation, suggests that GWI may also be the result of a persistent
inflammatory state in the brain. By evaluating animal models subjected
to similar “in theater” exposure conditions, it has become apparent that
exposures to toxicants like the nerve agent, sarin, or its surrogate, diisopropyl fluorophosphate (DFP), and various organophosphate insecticides, e.g., chlorpyrifos, cause significant neuroinflammatory effects.
When these exposures are coupled with a stressor or a stressor mimic,
such as exogenous corticosterone, the resultant neuroinflammation, as
indicated by enhanced mRNA expression of broad categories of cytokines and chemokines assessed by qPCR, is exacerbated and maintained
over a longer duration. Building upon these observations, while a single
exposure scenario may not alter the baseline response threshold, a
combination of stress and chemical toxicants (e.g., under wartime conditions) can be observed to shift this threshold, priming the brain in
a manner that will result in an exacerbated response to a subsequent
inflammatory challenge. We show that this priming shifts the susceptibility of the CNS to immune challenges, resulting in the potential for an
exacerbated sickness behavior response to even mild stimuli, such as a
low dose of the bacterial mimic, lipopolysaccharide (LPS).

2296 Chronic Fatigue
N. G. Klimas. Nova Southeastern University, Fort Lauderdale, FL.
Sponsor: J. O’Callaghan.
Chronic fatigue (CF) is characterized by fatigue that persists for six
months or more. CF, in combination with a minimum of 4 of 8 symptoms,
including memory impairment, pain, headaches, and sleep disturbance,
and the absence of diseases that could explain these symptoms, constitute the case definition for chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME). This pattern of etiology has been attributed to a
number of factors, including chemical exposures. As with other “sickness behavior” disorders, neuroinflammatory mediators are thought to
underlie CF. Recent advances in the understanding of CF pathogenesis
has led to the elucidation of patterns of CF biomarker expression, providing the first hints of a molecular signature of the disorder, including
factors associated with inflammation, immune system activation, autonomic dysfunction, neuroendocrine, and altered functioning in the
hypothalamic-pituitary-adrenal axis. Further in depth systems biology
analysis has identified several cytokines, e.g. IL-1β, IL-6, and IL-8, that
may function as biomarkers CFS/ME, and may provide an indication of
the duration and severity of illness. Moving forward, the use of these
biomarkers will provide an opportunity to understand potential exposures/triggers that result in CF and to develop effective treatments.

of Immuno-Oncology Agents: Enabling
Translation of Nonclinical Pharmacology and
Safety Information to First-in-Human Clinical
Trials

J. Kinyamu-Akunda. Novartis Institute for Biomedical Research,
East Hanover, NJ.
Immunotherapy is a fast growing area of new pharmaceuticals in
oncology, the success of which is evidenced by the recent approval
of a number of immune modulators and numerous others in development. Immuno-oncology (IO) agents target suppressive signals that
prevent the development of an immune response and activate the
immune system to help fight cancer. The breadth of immune targets is
expanding rapidly; consequently, new challenges in nonclinical assessment have emerged, including a lack of appropriate animal models to
assess efficacy and safety; differences in sensitivities of various animal
species to immune modulators; safety issues in humans not predicted by
nonclinical testing; and limited knowledge of the translatability of data
from nonclinical species to humans. This session will provide attendees
with practical knowledge for approaches to evaluate the safety of
novel immune modulatory agents, with an emphasis on assessments
to support first-in-human clinical trials. The first speaker will give an
overview of nonclinical assessment of immune therapies, discuss considerations for target safety, challenges in identifying the right models
for nonclinical testing, and highlight alternative approaches where
no appropriate animal models exist. The second speaker will expand
further on mouse models relevant to efficacy and safety, with a focus
on the pathological characteristics of humanized mouse models. The
third speaker will discuss examples of selection of appropriate animal
species for nonclinical studies, and considerations for the starting dose
in first-in human studies based on nonclinical safety and efficacy studies.
The fourth speaker will highlight the challenges in translating nonclinical information to first-in-human and early clinical trials with respect to
pharmacology and safety. Finally, the last speaker will discuss regulatory
aspects and considerations of the safety evaluation to support human
clinical trials.

2298 Preclinical Models for Immunotherapies–
Considerations for On-Target Safety

L. A. Johnson. University of Pennsylvania, Philadelphia, PA.
Sponsor: V. Reddy.
Targeted immunotherapies have produced incredible clinical results,
and occasionally incredible clinical toxicities. Nonclinical models are still
catching up with this new class of “living drugs;” human and animal
protein orthologs are rarely cross-reactive and therefore cannot predict
endogenous toxicity. Additionally, human and animal immune systems
do not always parallel one another and paracrine immune support
(cytokines, chemokines) in animals rarely interact with human immune
cells, and vice-versa. In vitro testing using human cells with synthetic
targets can reveal attributes of biophysical interactions between receptors and ligands, and levels of specificity of selected interactions. Testing
against tumor explants can tell the quality of the effector activity against
the target, measured by types and quantities of immunomodulatory
cytokines IFN-γ and TNF-α or cellular activation signals, or lysis of target
cells. However, this cannot tell us about the ability of these cells to traffic
in vivo, or the persistence of engineered treatment in a biologic system.
Use of human cells in immune-compromised murine models can reveal
a more physiologically relevant system to test trafficking, in vivo cell survival, and tumor destruction; however, since human and mouse targets
are rarely cross-reactive, only anti-tumor data can be assessed, not offtumor target safety. Moving into a fully syngeneic murine model brings
us one step closer to mimicking the human situation, with appropriate
signaling, receptor binding, cytokine and chemokine support, and the
biology of the intact tumor microenvironment, provided the target
is homologous between human and mouse. In addition to a physiologically more relevant treatment scenario, with both suppressive and
immune-promoting factors in place, certain aspects of off-tumor safety
can now be addressed. The syngeneic systems in mice have limitations,
and further testing in human cells and tissues as targets are warranted.
Our experience with nonclinical assessment of immune therapies, considerations for target safety, challenges in identifying the right models
for nonclinical testing, and alternative approaches where no appropriate animal models exist will be discussed.

2299 Looking Beyond Cytokines: A Pathology

Perspective on Humanized Immune System
Models

D. Weinstock. Janssen R&D, Spring House, PA. Sponsor: V. Reddy.
Pathology is an important tool in understanding the impact of immunotherapeutics on tumor biology and the adverse effects these
agents may have. In addition to efficacy endpoints, syngeneic and
humanized immune system mouse models provide an opportunity
to evaluate potential on target safety concerns not readily identified
in standard toxicology models. This talk will focus on how pathology
is used to enhance our understanding of the effect of immune modulation on tumor growth, and how it may provide an early view into
potential safety concerns of target engagement. A consistent pattern of
immune-related adverse events (irAEs) is emerging from the widespread
use of the first wave of immunomodulators in oncology. Novel targets
and complex combinations of IO therapies that simultaneously remove
checkpoint inhibition and induce immune activation are currently in
development. The impact of engaging these novel targets and combinations on the incidence or severity of irAEs is unclear, making it difficult
to decide on which candidates to further develop and determine safe
starting doses in the clinic. Incorporating targeted clinical pathology
and histopathology endpoints in early standalone investigative or efficacy studies using syngeneic or humanized models may help characterize immune mediated toxicities. Graph vs Host Disease (GVDH) is a
component of many mouse models, e.g. humanized mice. Knowledge
of the subclinical and clinical aspects of GVHD is important for meaningful interpretation of results and understanding the limitations of the
respective models.

2300 Critical Endpoints in Safety Studies Supporting
Immuno-oncology Agents

R. Dixit. Medimmune (a member of AstraZeneca Group),
Gaithersburg, MD.
Immune checkpoint antagonists and CAR-T cell therapies have revolutionized the treatment of deadly cancers; however, these immune
checkpoint-based therapies are also associated with the induction of
autoimmune toxicities in multiple organs, including skin, gastrointestinal tract, liver, and endocrine system. Nonclinical safety assessment of
immune-oncology (IO) agents to characterize or predict autoimmune
toxicities has been challenging due to the lack of appropriate animal
models that can mimic the immune system of the cancer patients. In
non-human primates (NHPs), despite high target antigen cross-reactivity of many IO agents, the desired immuno-pharmacology endpoints
as a prerequisite for translational safety assessment has been challenging. Additionally, human IO antibodies and or fusion proteins tend
to be highly immunogenic in nonclinical NHP models, and this often
results in faster clearance with limited exposure and/or induction of
immunogenicity related toxicities that may overlap with autoimmune
toxicities seen in cancer patients being treated with IO agents and their
combinations. To meet these unique nonclinical challenges, we have
incorporated some critical endpoints based on the expected pharmacology mechanism of each IO agent, including flow cytometry and
immunopathology-based endpoints, as well as pharmacology/mechanismbased endpoints, including peripheral T cell proliferation markers,
immune activation endpoints, T-cell, and B-cell activation biomarkers
in early pharmacokinetics (PK)-pharmacodynamics (PD)-toxicity studies
in NHPs. The utility of these immune-pharmacology endpoints in early
safety studies of a PD-L1 antagonist, a CD-40, OX-40 and GITR-L agonists
will be presented. The utility and limitations of in vitro human cytokine
release assessment will be discussed in the context of the overall safety
of IO agents. The relationship of immune-pharmacology end points with
safety is complicated by species differences between NHPs and humans
in their immune systems, and their responses to IO agents. Examples of
successful use of immune-pharmacology endpoints, along with dosePK-PD relationships in determining first-time-in human-dose and dose
escalations, will be presented.
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2297 Emerging Concepts in Nonclinical Development

2301 Translating Preclinical Data for

Immunotherapeutic Agents to the Design of
First in Human Oncology Trials–Challenges and
Opportunities

R. Isaacs. Novartis Institute for Biomedical Research, East Hanover,
NJ. Sponsor: V. Reddy.
With the rapid expansion of the field of immunoncology and the limitations of the preclinical models used in pharmacology and safety evaluation, physicians are faced with major challenges in translating the
preclinical information to the phase I clinical protocols. This speaker will
highlight these challenges, and discuss considerations for biomarkers
of efficacy and safety and clinical dose escalation schemes in first-inhuman and early oncology clinical trials.

2302 Regulatory Perspectives on Nonclinical Safety
Evaluation of Immuno-oncology Agents

J. Leighton. US FDA, Silver Spring, MD. Sponsor: V. Reddy.
Immuno-oncology as a field is rapidly progressing, with the immune
system a major target of investigational agents in the last few years.
First-generation drugs targeting the immune system include interferons
and interleukins, but more recently antibodies with greater specificity
that either stimulate or inhibit checkpoints have been approved or are
being actively studied. Major questions around nonclinical studies for
these molecules include relevance of animal models, whether standard
approaches to setting a start dose is an appropriate strategy, the role
of pharmacology in assessing immune function, and testing of drug
combinations. A standard approach to setting a start dose is to apply a
safety factor to a toxic dose (rodents) or the highest non-severely toxic
dose (non-rodents), but this approach may not be optimal for immuno-oncology drugs. US FDA is conducting a review of approaches
used in Investigational New Drug Applications to setting a start dose
for immuno-oncology drugs, with focus on the utility of using a MABEL
approach. This presentation will focus on US FDA’s nonclinical perspective on immuno-oncology drug development.
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Vitro Data

M. R. Embry. ILSI Health and Environmental Sciences Institute,
Washington, DC.
Recent advances in high throughput in vitro assays provide opportunities for improved mechanistic understanding of toxicity for chemical
safety assessment, and ultimately for reduced animal testing. In order
to expand the utility of in vitro bioassay data for human and environmental systems, a “translation” of information obtained in vitro to in vivo
systems, commonly referred to as in vitro to in vivo extrapolation (IVIVE),
is required. Methods that more explicitly and quantitatively translate
information from in vitro test systems to in vivo systems, as well as reliable approaches that quantifiably link external exposures to internal
exposures corresponding to target sites, will foster confidence in the
acceptance of the emerging high throughput data streams for applications in hazard and risk assessment. Despite the advances in IVIVE,
toxicokinetic (TK) models, and understanding of key processes such as
absorption, distribution, metabolism, and excretion (ADME) processes,
there are still outstanding issues that must be addressed before these
in vitro methods can reliably be applied for hazard-based and risk-based
assessment. Recent developments have improved characterization of
exposure in vitro, including the development of modelling tools that
calculate the concentration of chemicals in various test and environmental systems (e.g., humans), based on system and chemical-specific
properties. Advances in analytical chemistry, such as passive dosing,
solid phase micro-extraction (SPME), gas and liquid chromatography,
and mass spectrometry, provide tools that could be applied to in vitro
systems to better understand and control in vitro exposure of both the
parent chemical and metabolites. Improved quantification of in vitro
exposure-response relationships, in combination with better understanding of the physiological mode of action of a chemical, represent
better quality input data for use within mechanistic toxicokinetic and
physiologically-based pharmacokinetic models. This session will communicate cross-disciplinary advances in the development, evaluation,
and application of quantitative tools that help link the external and
internal exposures with exposure-response relationships, allowing for
a more robust real world translation, application, and acceptance of
emerging high-throughput data streams for hazard and risk assessment.

2304 Dosemetrics in In Vitro Repeated Dosing Toxicity
Assays and Other Complex Assays

N. Kramer2, and B. Blaauboer2. 1Utrecht University, Utrecht,
Netherlands; and 2Utrecht University, Utrecht, , Netherlands.
Sponsor: M. Embry.
The emphasis in toxicological risk assessment is moving away from
animal testing towards integrating in vitro cell-based assays with computational modeling to extrapolate in vitro-derived effective concentrations to human-relevant doses. Testing strategies include batteries of
complex in vitro assays with highly differentiated cells of human origin
and representing multiple organs are repeatedly dosed for extended
periods of time. One such strategy was developed during the EU FP7
Predict-IV project, where RPTEC/TERT1 human kidney cells, primary rat
and human hepatocytes, HepaRG liver cells, and 2D and 3D primary
brain cell cultures from mouse and rat were dosed daily or every other
day for 14 days to a selection of drugs varying in their mechanism of
pharmacological action. Molecular perturbations across biological
scales induced by the drugs were assessed by integrating a suite of
‘omics technologies. Dose response analyses and physiologically-based
pharmacokinetic models were developed to relate daily oral exposure
to in vitro-derived points of departures. The traditionally used in vitro
nominal concentrations were not found to be proportional to the concentration at the target site, the latter being directly related to the initial
molecular changes caused by the drugs. In order to identify and quantitatively characterize key events along an adverse outcome pathway
mimicked in these in vitro assays, it was essential to assess whether and
how knowledge of the kinetics of drugs in in vitro assays helps explain
the variations in observed effect between readouts, drugs, cell types,
and assay setup. The concentration of a selection of drugs in cells,
labware, cell attachment matrices, and exposure medium was measured
over time. Results indicate that lipophilic drugs like chlorpromazine bind
significantly to serum constituents in the exposure medium and plastic
labware. A few drugs, including less lipophilic drugs like ibuprofen,
bind to cell-attachment matrices. Chemicals that reach high intracellular concentrations, including cyclosporin A, and amiodarone, significantly accumulate over time after repeated dosing, partly explaining
their increased toxicity, compared to a single dose. The results of these
studies clearly demonstrate that integrating knowledge of the differences in drug intracellular concentration over time in vitro between
dosing regimens, as well as knowledge of transporter and biotransformation enzyme function, allows for the development of a mechanistic
understanding of the observed in vitro toxicity, and will assist in the
interpretation of these data for an in vivo assessment of risk.

2305 Utilizing Mass Balance Modeling for the

Assessment of Internal Exposure in Cell-Based
Bioassays

B. Escher, F. Fischer, L. Henneberger, L. Linden, K. Bittermann, and
K.-U. Goss. UFZ-Helmholtz Centre for Environmental Research,
Leipzig, Germany. Sponsor: M. Embry.
The application of in vitro bioassays for chemical risk assessment requires
tools that allow extrapolation from the effects observed in the in vitro
bioassays to the whole organ or organism. A key parameter that needs
to be understood is the intracellular concentration of the chemicals in
the bioassays that triggers an effect. The main assumption of in vitro to in
vivo extrapolations (IVIVE) is that the effective target concentrations are
in principle the same across equal cell types and independent, whether
tested in vivo or in vitro. Target concentrations can often be approximated by cellular or tissue concentrations, which are accessible in vivo
via physiologically-based toxicokinetic modeling. However, in vitro bioassays typically report effects in nominal concentrations only. Cell concentrations cannot be directly measured in miniaturized systems with
only few microliters of volume in 384 or 1536 well plates, but can be predicted by equilibrium partition models. Recently, Armitage et al. have
developed a simple mass balance model for the calculation of the mass
distribution of neutral organic chemicals in in vitro test systems. In this
work, we present an extended mass balance modeling approach for the
assessment of internal exposure in cell-based bioassays for neutral and
ionogenic organic chemicals (IOCs). We experimentally determined the
lipid and protein content of various assay media and cell lines. As reliable partition coefficients for the test medium compartments and cells
are essential for the mass balance model, we measured partition coefficients to medium components, cells as well as to surrogate proteins
and lipids. In addition, the partition coefficients for neutral chemicals
were predicted using polyparameter linear free energy relationships
(PP-LFERs). For organic ions, partition coefficients to serum albumin
were estimated using 3D quantitative structure activity relationships.
Liposome-water partition coefficients of IOCs were calculated using the
quantum chemically-based software COSMOtherm. The mass balance
model was applied to effect data from the US EPA ToxCast database
and own experiments using reporter gene assays for various hormone

receptors and transcription factors. Modeling results suggested that
the mass distribution of the test chemicals is highly dependent on the
medium composition and even for similar bioassays, overall lipid and
protein content may vary substantially. The modeled cellular effect concentrations were not directly correlated to the measured nominal effect
concentrations, and depended on hydrophobicity and degree and type
of ionization but also on the bioassay set up. This study is an essential step towards a meaningful dose metric in in vitro assays suitable for
IVIVE.

complicated effects (e.g., transporters) impact HTPBPK assumptions.
For those chemicals where the HTPBPK model assumptions are appropriate, virtual tissue simulation of quantitative chemical-specific effects
is possible. By comparison to experimental in vivo data, we estimate for
which chemicals these tools may be used with confidence, and identify those chemicals where alternative approaches are needed. We have
organized all available TK data into a computable format used as part of
an R package “httk,” which is freely available on the Comprehensive R
Archive Network (CRAN). Ongoing research is identifying the domain of
applicability of these data and models. This abstract does not necessarily
reflect the views of the US EPA.

2306 QVIVE Approaches to Evaluate Interindividual
B. A. Wetmore. US EPA, Research Triangle Park, NC.
Manifestation of inter-individual variability in toxicokinetics (TK) will
result in identical external exposure concentrations yielding differing
blood or tissue concentrations. As efforts to incorporate in vitro testing
strategies into human health assessment continue to grow, a greater
understanding of TK variability will aid in refining interpretation and
application of these in vitro bioactivity datasets to consider sensitive
populations and lifestages. The availability of in vitro, in silico, and in
vitro-in vivo extrapolation (IVIVE) modeling tools developed for use on
pharmaceutical compounds provides key opportunities to toxicologists
to quantitatively estimate TK variability following exposure to chemicals and environmental pollutants through incorporating differences
in physiology, ontogeny, and genetics. This presentation will describe
a case study that incorporates in vitro isozyme-specific clearance measurements for ToxCast chemicals with physiologic parameters in an
IVIVE approach that predicts population and lifestage specific plasma
steady-state concentrations (Css). In addition to incorporating variabilities in physiology, the Css values are adjusted for the known differing
abundances in cytochrome P450 (CYP) and uridine diphospho-glucuronosyltransferase isozymes due to developmental, ethnic, and healthbased differences. TK variability, measured by dividing the upper 95th
percentile Css for the relevant population by the median general adult
population Css, ranged from approximately 3-11-fold for the most
sensitive group, the lifestage representing children from birth to 6
months of age. Chemicals exhibiting the largest variability in this case
study were primarily metabolized by CYP1A2, while those exhibiting
minimal variability were metabolized by 3 or more CYP isozymes. These
Css values were incorporated with ToxCast in vitro data using reverse
dosimetry to estimate the external dose equivalent required to achieve
in vitro testing concentrations in the blood. These values can then be
compared against an external exposure estimate to aid in prioritizing
those chemicals for which population or lifestage variability may trigger
a response at a realistic exposure level. Although the available toolset
provides promising information to estimate TK variability, further efforts
are needed to ensure sufficient information on ontogenetic and genetic
differences exist for additional isozymes known to be substrate s for
environmental chemicals. This abstract does not necessarily reflect the
views of the US EPA.

2308 Evaluation of Pharmacokinetic Models for In

Vitro to In Vivo Extrapolation (IVIVE) of HighThroughput Toxicity Screening Data

L. M. Sweeney. Naval Medical Research Unit Dayton, Wright
Patterson AFB, OH.
Emerging approaches in human health risk assessment rely on determination of biologically-effective concentrations in suites of in vitro high
throughput screening (HTS) assays. In order to compare human exposure to in vitro biologically effective doses, pharmacokinetic models
may be used to calculate the exposure levels required to yield internal
chemical doses equivalent to the levels of concern. Internal dosimetry
is computed either from validated in vitro models or predicted from
relatively simplistic models parameterized via in silico predictive algorithms and limited in vitro data. An understanding of the contexts in
which the models are to be applied is important in assessing whether
the model is suitable for the intended purposed. A model that is “adequate” for a screening approach, such as prioritization, might not be
adequate for higher-stakes applications, such as the establishment of
an occupational exposure limit. It is recommended that the following
model characteristics be evaluated: the realism and suitability of the
structure; the accuracy of the mathematical implementation; ability to
predict the available data); and the suitability of the parameter values. A
case study of the relatively simplistic pharmacokinetics models parameterized with limited in vitro data (such as metabolism in cultured human
liver cells and binding to blood plasma proteins) has been developed. It
was concluded that these simplistic models are likely adequate for the
purpose of prioritizing chemicals in the International Chemical Safety for
Sustainability (iCSS) Dashboard databases for more in-depth evaluation.
Ongoing efforts in IVIVE research are expected to better delineate the
limitations of these models, lead to strategies for their improvement,
and potentially expand the domain of their application in risk assessment.

2309 MiRNAs As Translational Biomarkers of Kidney
Injury

J.-C. Gautier. Sanofi, Alfortville, France.

2307 High-Throughput PBPK: Evaluating EPA’s

Open-Source Data and Tools for Dosimetry and
Exposure Reconstruction

J. Wambaugh. US EPA, Research Triangle Park, NC.
New technologies and in vitro testing approaches have been valuable
additions to risk assessments that have historically relied solely on in
vivo test results. Compared to in vivo methods, in vitro high throughput
screening (HTS) assays are less expensive, faster, and can provide mechanistic insights on chemical action. However, extrapolating from in vitro
chemical concentrations to target tissue or blood concentrations in vivo
is fraught with uncertainties, and modeling is dependent upon pharmacokinetic variables not measured in in vitro assays. To address this
need, new tools have been created for characterizing, simulating, and
evaluating chemical biokinetics. Physiologically-based pharmacokinetic
(PBPK) models provide estimates of chemical exposures that produce
potentially hazardous tissue concentrations, while tissue microdosimetry PK models relate whole-body chemical exposures to cell-scale
concentrations. These tools rely on high-throughput in vitro measurements, and successful methods exist for pharmaceutical compounds
that determine PK from limited in vitro measurements and chemical
structure-derived property predictions. These high throughput (HT)
methods provide a more rapid and less resource-intensive alternative
to traditional PK model development. We have augmented these in
vitro data with chemical structure-based descriptors and mechanistic
tissue partitioning models to construct HTPBPK models for over three
hundred environmental and pharmaceutical chemicals. When evaluated with human in vivo data for 74 chemicals, we find that we can generally predict when HTPBPK models will perform well, and when more

Biomarker monitoring for kidney injury remains a challenge in both preclinical and clinical settings. There is a critical need for sensitive, specific,
translatable, and non-invasive biomarkers of renal toxicity to diagnose
nephron segment specific injury. MicroRNAs (miRNAs) are attractive biomarker candidates for kidney injury because they are stable in urine, are
conserved across species, and relatively easy to measure. Additionally,
due to their proposed tissue-specific or at least kidney-enriched expression, miRNAs released into the urine could indicate the specific location
of cellular damage. Thus, miRNAs may constitute an attractive alternative to proteins as kidney safety biomarkers. Several efforts are currently
underway to identify tissue-specific or pathology-specific miRNA patterns for drug-induced kidney injury from urine samples across species
in the context of consortia–namely the Health and Environmental
Sciences Institute (HESI) and the Predictive Safety Testing Consortium
(PSTC). The goal of this symposium is to provide an overview of the
methodology and best practices, together with the most recent results
obtained to assess cellular specificity of urinary miRNA biomarkers along
with identification of cross-species concordance. Information also will
be provided on how the miRNA urinary biomarkers compare with other
novel kidney protein biomarkers that have already been discovered. The
symposium will begin with a detailed background on miRNA biogenesis and function, and how they relate to kidney injury. This will be followed by presentation of original data showing identification of sensitive, specific, and mechanistic miRNAs to detect acute kidney injury and
chronic kidney disease in humans. The third presentation will address
site specificity aspects relative to kidney injury affecting proximal and
distal tubules in rodent models. The fourth presentation will further
explore the utility of miRNAs as biomarkers of tubular kidney injury in
larger animals. Finally, the fifth presentation will provide recent results
obtained on miRNAs as biomarkers of glomerular injury in both rats and
non-human primates.
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2310 Introduction to miRNAs with Emphasis on

Kidney Development and Pathophysiology

C. Argyropoulos. University of New Mexico School of Medicine,
Albuquerque, NM. Sponsor: J.-C. Gautier.
miRNAs are short (21-23 nucleotides long) endogenous antisense noncoding RNAs. They have emerged as important post-transcriptional
regulators of gene expression. Evidence from experimental models and
human biopsies demonstrate that miRNAs play a critical role in renal
development, physiology, and abnormal processes in primary and secondary diseases of the kidney. The presentation will review the existing
data regarding the role of miRNAs as regulators of renal structure and
function in health and disease. We will review the role of miRNAs in
water homeostasis, osmoregulation, renin production, calcium sensing,
distal tubular sodium and potassium handling, renal development, and
senescence. Special emphasis will be given on the diverse role of miRNAs
in different cellular populations within the kidney. Existing experimental
data about the importance of miRNAs, Dicer processing, and DGRC8
in maintaining the normal phenotype and the prevention of glomerulopathy will be highlighted and compared between animal models
and clinical renal disease. Recent developments demonstrate the intricate regulation of tissue fibrosis and repair by miRNAs in the kidney.
We will review the network of interaction between specific miRNAs (e.g.
miR-192) and the Transforming Growth Factor (TGF-beta) pathways that
create the imbalance in matrix formation and degradation, accumulation of Extracellular Matrix and Epithelial to Mesenchymal transition
that underlie progressive glomerulosclerosis, and interstitial fibrosis in
Chronic Kidney Disease. Finally, we will discuss the implications of basic
and early translational research about miRNAs and the kidney upon biomarker discovery programs for acute and chronic kidney dysfunction.

2311 Urinary miRNA Biomarkers for Kidney Diseases
in Humans

V. Vaidya. Harvard Medical School, Boston, MA.
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Acute kidney injury (AKI) and Chronic Kidney Disease (CKD) remain a significant clinical challenge with high mortality rates. Biomarkers can play
a critical role in screening and estimating prognosis for kidney disease.
However, the current clinically employed traditional biomarkers of CKD
and AKI (blood urea nitrogen, serum creatinine, and urinary albumin),
which have been in clinical practice for decades, have severe limitations
with respect to sensitivity, specificity, and timeliness of diagnosis. Over
the past decade, work from our laboratory in collaboration with several
other investigators, as well as pre competitive consortia, has led to identification, evaluation, and confirmation of next generation biomarkers
for early detection of kidney damage. These biomarkers include proteins
as well as miRNAs that can be measured in the urine as early biomarkers
for kidney disease diagnosis and prognosis using non clinical and clinical samples. Our group described the methodology and application
for the use of urinary miRNAs to differentiate AKI patients from healthy
individuals. In particular, we found urinary levels of miR-21, miR-200c,
and miR-423 exhibited significantly high sensitivity and specificity in differentiating AKI patients vs. patients with no evidence of AKI. Recently,
using small RNA sequencing in human kidney samples and candidate
miRNA profiling in the urine, we have identified noninvasive miRNAs
to detect diabetic nephropathy and lupus nephritis. These candidate
miRNA biomarkers not only correlate with kidney functional decline,
but also with histopathological damage in patients with biopsy proven
chronic kidney disease. In summary, we highlight the transformative
potential of miRNAs in therapeutics and translational medicine, with a
focus on kidney damage.

2312 Investigation of Urinary miRNAs Associated with
Tubular Segment Specific Injury to the Nephron
in Rodents

J.-C. Gautier3, R. O’Lone1, and E. Harpur2. 1Health and
Environmental Sciences Institute, Washington, DC; 2Newcastle
University, Newcastle, United Kingdom; and 3Sanofi, Alfortville,
France.
A cross-laboratory program was conducted by the Health and
Environmental Sciences Institute (HESI) Biomarkers of Nephrotoxicity
Committee toward identification and characterization in urine of tissue-specific or pathology-specific miRNA patterns for drug-induced
kidney injury in rats. Several nephrotoxicants affecting different tubular
sections of the nephron were tested among others, namely cisplatin,
gentamicin, and potassium dichromate, for proximal tubular injury, and
two proprietary compounds producing lesions in the thick ascending
limb of the loop of Henlé. Although serum creatinine and BUN were
either not or slightly changed, several urinary miRNAs were found to

be increased with doses of compounds resulting in minimal to moderate degeneration/necrosis in the expected tubular segments of the
nephron. Some urinary miRNAs were found to be increased in rats
treated with cisplatin and the loop of Henlé toxicants (e.g. miR-210-3p,
miR-34a-5p), however a subset of urinary miRNAs including miR-192-5p
was identified as increased after treatment with cisplatin, but not with
the loop of Henlé toxicants. On the other hand, distinct urinary miRNAs
were found to be increased to a higher extent in rats treated with the
loop of Henlé toxicants versus the proximal tubular nephrotoxicants cisplatin and potassium dichromate (e.g. miR-222-3p, miR-27a-3p). These
results suggest that some urinary miRNAs are associated with some
degree of kidney site specificity with injury to proximal versus distal
tubules in rodents. Moreover, in a separate statistical meta-analysis
performed with differential pairs of closely correlated urinary miRNAs,
non-supervised and supervised analyses showed a significant separation between proximal and distal tubular lesions.

2313 Translation of Tubular Injury Kidney miRNA
Biomarkers to Large Mammalian Species

E. McDuffie1, C. Louden2, and M. Sonee2. 1Janssen Research
& Development, LLC, San Diego, CA; and 2Janssen Research &
Development, LLC, Spring House, PA.
Recent advancements in the field of translational kidney safety biomarkers have revealed a significant gap in the understanding of the
potential utility of genomic biomarkers such as miRNAs in early identification of compound induced nephron segment-specific toxicities.
Exploratory studies in naïve rats and large mammalian species, particularly non human primates (NHPs) and canines, revealed kidney-enriched
miRNAs. Early investigations in nephrotoxicant treated rats support the
utility of miRNAs as candidate translatable kidney tubular injury biomarkers in drug development studies. Cross laboratory/cross consortia
(HESI and PSTC) exploratory studies were conducted to identify kidney
tubular enriched miRNAs that exhibited translatability from rodents
to NHPs and/or canines. In a 10-day study of the amphotericin B in
NHPs, minimal to moderate corticomedullary tubular injury and concurrent increases in urinary miR-197 were identified. Taken together,
collaborative approaches led to the initial identification of miRNAs to
enable biomonitoring for progressive tubular-specific toxicity in rats.
Subsequently, various challenges were overcome to ascertain tools to
support systematic evaluations of concordant miRNA expression level
changes in representative kidney and urine samples from large mammalian species following exposure to tubular toxicants including but not
limited to cisplatin, gentamicin, and/or tobramycin.

2314 Urinary miRNAs as Biomarkers of Glomerular
Injury in Rats and Nonhuman Primates

R.
and B. Homer2. 1Momenta Pharmaceuticals Inc.,
Cambridge, MA; and 2Pfizer, Andover, MA. Sponsor: J.-C. Gautier.
Nassirpour1,

Recent studies have reported significant levels of miRNAs in a variety
of body fluids, raising the possibility that miRNAs could serve as useful
biomarkers. Our laboratory has recently described changes in miRNA
expression patterns in two different rodent models of glomerular injury
(acute puromycin aminonucleoside nephropathy and passive Heymann
nephritis). By employing two different modes of glomerular insult, oxidative stress and immune mediated toxicity, miRNA changes in both
isolated glomeruli as well as urine specimens allow for identification of
urinary miRNA biomarkers that are suggestive of drug-induced injury
specifically to the glomerulus. Subsets of glomerular urinary miRNAs
associated with these different modes of glomerular toxicity seem to be
dependent on the mechanism of the induced injury, while nine miRNAs
(miR-106a, 125a-5p, 17, 218, 223, 27b, 30c, 574-3p and 196c) that
changed early in both glomerular and urine specimens were common
to both studies. We have now extended these studies by investigating
miRNA changes in both isolated glomeruli as well as urine specimen
after induction of immune-mediated injury in non-human primates.
A subset of urinary glomerular miRNA biomarkers identified in rodent
models also changed in our monkey studies, suggesting miRNAs may
serve as translational glomerular injury biomarkers in preclinical studies.

S. C. Fitzpatrick. US FDA, College Park, MD.
There is a growing gap and disagreements among scientists regarding
the interpretation and relevance of some research findings on low-dose
non-monotonic dose response relationships, and how best to use these
data for determining human health risk in a regulatory setting. Greater
understanding is needed regarding research and data related to lowdose effects and the use of risk-based approaches to evaluate risk using
studies finding non-monotonic dose-response curves. This session
will address several key issues, including what is meant by low- dose
and non-monotonic, identification of critical effect, and the concept of
hormesis. The challenge of current epigenetic findings is to determine
where in the risk assessment spectrum these effects lie, and whether
current risk assessment methods can are adequate to address them.

2316 Harmonizing Terminology: Concepts of “Low-

Dose” and Non-Monotonic Dose Response in
Toxicological Research and Regulatory Science

S. Yi. Syngenta, Greensboro, NC.
In 2002, the NTP defined “low-dose” as doses in the range of typical
human exposures, or doses below those tested in traditional toxicological assessments. However, in many cases the range of concentrations
for those two definitions can vary by orders of magnitude. The potency
of a chemical for an effect can also complicate the “low-dose” range.
Similarly, non-monotonic dose response can also be complicated by
mechanistic changes in a biological system. Therefore, it is important
to standardize and understand these terminologies across the various
disciplines. Examples of non-monotonic dose responses and “low-dose”
effects observed in estrogenic responses demonstrate the need for a
harmonized understanding of these two terminologies, especially in the
context of regulatory/policy decision-making.

2317 Examples of Discovery Science: Epigenetic

Changes That May Impact the Judgment of
Critical Effect

S.-M. Ho. University of Cincinnati College of Medicine, Cincinnati,
OH.
The critical effect is embedded in a continuum of effects of differing
severity. This continuum starts at low-dose with adaptive effects, where
the organism’s ability to withstand a challenge is often enhanced. As
dose increases, compensatory effects occur, which enable the organism
to maintain overall function. As dose further increases, the critical effect,
the first adverse effect, or its known precursor, occurs. As dose further
increases, the critical effect is exceeded, and adverse effects are manifested as biochemical changes, functional impairments, or pathologic
lesions. At some point these adverse effects become manifestly overt
and irreversible, and frank effects or disease ensues. Several examples
of epigenetic changes and sequelea, such as with bisphenol A and prostate cancer, and uterine abnormalities, are explored in relationship to
this sequence.

2318 Hormesis: What It Means for Toxicology and Risk
Assessment

E. Calabrese. University of Massachusetts, Amherst, MA.
This presentation provides a review of hormesis, a dose-response
concept that is characterized by a low-dose stimulation and a highdose inhibition. The presentation will trace the historical foundations
of hormesis, providing evidence that the hormetic dose response is
highly generalizable, being independent of biological model, endpoint
measured, chemical class, mechanism, and inter-individual variability.
Hormesis also provides a framework for the study and assessment of
chemical mixtures, incorporating the concept of additivity and synergism. Because the hormetic biphasic dose response represents a general
pattern of biological responsiveness, it is expected to become progressively more significant within toxicological evaluation and risk assessment practices as well as having numerous biomedical applications.

2319 The Ability of Current Studies to Detect (or Not)
Non-Traditional Effects

A. Boobis. Imperial College, London, United Kingdom.
Toxicity testing for regulated substances involves assessment for a wide
range of endpoints, from short term to chronic (lifetime) exposure duration, and includes effects that may be transmitted to subsequent generations. Endpoints cover morphology, function and behavior, and include
clinical signs, clinical chemistry, hematology, urinalysis, biochemical,
and functional effects. Whilst not every possible primary effect or cell
type will be investigated a priori, it is assumed that any such effects
would have secondary effects that would be observed in these studies.
For example, few compounds directly affect body weight per se, but can
cause a change in body weight secondary to effects on a wide variety of
body systems, some of them behavioral (e.g. satiety, alertness). As the
range of possible effects of chemicals giving rise to concern increases,
there is a need to map these effects to existing, and if necessary novel,
endpoints. As knowledge of early molecular changes induced by chemicals advances, it is important within a regulatory context to distinguish
between those that are adaptive and those that are adverse. Often, the
difference is more quantitative than qualitative. Hence, interpretation of
dose-response relationships for apical endpoints requires integration of
all available information. The concept of an Adverse Outcome Pathway
(or mode of action), with causal key events, can be of considerable
value in data interpretation. For example, if changes are observed in an
endocrine-dependent effect, is there any biochemical or pathological
evidence of precursor effects? Conversely, for many adverse outcome
pathways, distal key events are not triggered before more proximal key
events achieve a certain threshold. A classic example is the release of
neurotransmitters and the activation of post-synaptic effector systems.

2320 Strengths and Weaknesses of Low-Dose

Observations and Their Relevance to Human
Exposures and Risk Assessment

R. Schoeny. US EPA (Retired), Washington, DC. Sponsor: S.
Fitzpatrick.
The current risk assessment paradigm focuses on the concept of critical
effect or critical target organ as a way of determining points of departure
(PODs), extrapolation models, and/or uncertainty factor or safety factors
that vary based on the underlying toxicology and epidemiology databases. These PODs, models, and factors in turn are used to determine
either risk specific doses (RSDs) or Reference Doses (RfDs), or similar
constructs of safe or virtually safe doses. Non-monotonic dose response
curves are part and parcel of this paradigm, and are usually considered
as either essentiality, hormesis, or masking (where more severe effects
mask lower severity effects). The challenge of current epigenetic findings is to determine where in the risk assessment spectrum these effects
lie, and whether current risk assessment methods can adequate address
them.

2321 Safety or Prediction? What Is the Future of
Regulatory Toxicity Testing?

D. Keller. Sanofi US LLC, Bridgewater, NJ.
In 1944, the US FDA recommended a standard battery of safety pharmacology and toxicity tests for drugs in development, and the earlier
passage of the Food, Drug and Cosmetic Act mandated testing of drugs
for safety before they were introduced into commerce. This Act and its
subsequent changes were largely the result of the Elixir Sulfanilamide
and other drug safety tragedies, ushering in the era of standardized toxicity testing in animals that continues to this day. The battery of tests has
been updated and expanded in response to emerging experience with
novel chemical entities and endpoints of concern. The performance of
nonclinical testing in pharmaceutical development has been quite good
when considering that the objective is to minimize harm to human
volunteers and patients (safety) by identifying potential target organs,
and providing a monitoring and exposure framework. Overall, there is
a 70-80% negative predictive value for whole animal tests in predicting
whether a clinical adverse event will occur or not. However, prediction
of specific target organ toxicities is not as robust. Within this framework,
the impact of animal testing to inform human safety can be quantitated,
and data will be presented for both the discovery and development
phases of pharmaceutical research. While testing on animals remains
the regulatory requirement for pharmaceuticals, the accumulated
knowledge regarding toxicity mechanisms and pathways gathered over
the past 40 years could provide the basis for additional information that
could streamline the approach for predicting human toxicity with a
reduction in animal use. The 2007 NAS report on Toxicity Testing in the
21st Century initiated a major push in the direction of predictive toxicity
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2315 Low-Dose Non-Monotonic Responses

testing, but how it can be implemented is a subject of debate. Despite
the level of enthusiasm for non-animal safety testing, there remains
little evidence that this can approach can be confidently implemented
to ensure human safety. Nevertheless, the integration of mechanistic
and pathway information, along with exposure data (or prediction),
into computational models may provide the systems toxicology basis
for prediction of effects, in addition to the absence of effects, leading
to broader use of these processes in nonclinical research. With successful development and validation of these high-content information
processes, the need for extensive guidelines on animal testing may be
reduced, instead relying on the biological information gained in vitro
and in silico to design targeted in vivo safety testing. Presenters in this
session will discuss several aspects of the current drug development
paradigm and how animal testing is being used to inform patient safety,
efforts to improve toxicity testing with mechanistic data and human
cells, and regulatory approaches/implications of a change in paradigm
towards more in vitro data and modeling.

2322 The History and Performance of Nonclinical

Safety Testing in Pharmaceutical Research and
Development

T. Jones. Eli Lilly, Indianapolis, IN.
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While clinical development is generally regarded as safe, the current
nonclinical safety testing paradigm, based largely on animal studies,
has been challenged in recent years as being outdated and prone to
inconsistency in predicting adverse responses humans. There is growing
interest in the potential of innovative in silico and/or in vitro models to
supplement, reduce, or even replace in vivo animal testing. However,
the debate around the future of nonclinical safety testing has been constrained by limited understanding of the performance characteristics
of the current nonclinical safety testing paradigm. To facilitate discussion on this important issue, the history of the current nonclinical safety
testing paradigm, as it is used to support pharmaceutical research and
development, will be reviewed. In addition, a quantitative framework
will be proposed to provide insight regarding the performance of the
current approach to safety testing. This analysis suggests that nonclinical safety testing of drug candidates protects clinical trial volunteers
and patients primarily through prediction of the dose/exposure range
associated with safe clinical outcomes. The characterization of the
toxicity profile at higher doses/exposures is intended to provide information regarding ways in which treatment-related risk may manifest
clinically. While these data are useful for informing risk monitoring and
minimization strategies, there is far greater uncertainty in these predictions. The implications of this learning for emerging technologies and
their application in new or revised approaches to pharmaceutical safety
testing will be considered.

2323 Pre-Development Attrition of Pharmaceuticals:
How to Identify the Bad Actors Early

S. Ralston. AbbVie, North Chicago, IL. Sponsor: D. Keller.
The usefulness of animal toxicology testing has been questioned
recently, with one of the major criticisms being the limited predictivity
for human toxicities, both in terms of poorly detecting human toxicities,
and in capturing toxicities that do not always manifest in humans. A
common limitation of these assessments stems from their retrospective nature because the data evaluated is limited to molecules that
were tested in the clinic, and their respective animal toxicity profiles.
However, an important aspect in assessing the value of animal toxicology testing is the large number of molecules that are discontinued
in the preclinical phase due to unacceptable toxicity, preventing potentially unsafe molecules from moving into clinical trials. In order to interrogate attrition in the preclinical space, a number of pharmaceutical
companies contributed relevant information about small molecules that
were discontinued due to animal safety findings in the late discovery
and early development (prior to Ph1 clinical trials) phases. Information
for over 200 compounds was collected, including target organ, duration
of study, nonclinical species, therapeutic area, on vs off-target mechanism, and physico-chemical properties. Initial analysis of the dataset
revealed that the top target organ toxicities responsible for attrition in
discovery or early development were liver, kidney, GI, cardiovascular,
CNS, and/or testicular. The majority of attrition in late discovery was
driven by findings in rodent, whereas the non-rodent was predominantly responsible for attrition in early development, demonstrating
the value of using two animal species for toxicity assessments. Further
analysis of this extensive dataset should provide additional insights and
contribute to an enhanced understanding of the nature of preclinical
small molecule attrition.

2324 Nonclinical-Clinical Correlation of Adverse
Effects in Pharmaceutical Development

T. Monticello. Amgen, Thousand Oaks, CA.
The International Consortium for Innovation and Quality in
Pharmaceutical Development (IQ) is a science-focused organization of
biopharmaceutical companies. DruSafe, one of the life sciences leadership groups, has assembled an industry-wide database to determine
if nonclinical safety assessment in animal models can correctly identify
human risk in early (Phase 1) clinical development. Objectives of Phase
1 human studies (usually up to 1 month in duration) are to establish
pharmacokinetics, pharmacodynamics, and possible adverse events
(AEs, maximum tolerated dose). Thus, in this database we are comparing
results of nonclinical and clinical studies of similar durations and end
points. Nineteen member companies contributed datasets from over
180 IND/CTA packages. Using animal toxicology data that supported
the potential safety liabilities identified in the Investigational Brochure,
in addition to clinical AE data from completion of Phase 1 clinical trials,
the entire 2x2 contingency table (i.e. true positive, false positive, true
negative, and false negative) is populated. The following analytics were
then determined: sensitivity (true positive rate), specificity (true negative rate), positive predictive value (i.e. how worried should the clinician
be that the safety signal in the animal will translate to the clinic), and
negative predictive value (i.e. how reassured should the clinician be that
an AE will not occur). Overall, results of this Phase I database demonstrate a very high negative predictive value (> 80%), which supports the
importance of animal testing to provide safety in Phase I clinical trials.
Additional analyses of the database will be conducted to determine predictivity for specific target organs.

2325 Systems Toxicology: The Final Goal of the
Emerging New Approach Methods

T. Hartung. Johns Hopkins University, Baltimore, MD.
Toxicity testing is increasingly embracing mechanism and assays
reflecting them in a rather reductionist way. The application of (multi)’omics approaches for the deduction of such pathways of toxicity is
advancing. This requires relevant and reproducible cell models; organotypic cultures derived from human stem cells, e.g. our human minibrain, allow replicating some organ functionality, but are simple enough
to allow sufficient numbers of replicate measurements. A key prerequisite is the development of Good Cell Culture Practices to quality-control
these cultures and allow the identification of candidate pathways to
then build specific assays probing them. The emergence of large databases of toxicological data, such as the registrations of the European
REACH program, which we made machine-readable, allow to identify
reference data, fill data-gaps, and understand the predictivity of traditional methods, which new methods will have to meet. However, many
hazard manifestations are based on several pathways of toxicity and
the organism is a highly complex networked system. In order to predict
hazard, we need more than batteries of tests, but ways of integrating
information. Integrated Testing Strategies are a first step to efficiently
combine such information, but on a longer term, modeling of responses
in a Systems Toxicology approach will be necessary. Virtual experiments,
as they are progressing as computational models for organs, embryos,
or entire patients, can then be compared to test results in order to refine
our understanding of Adverse Outcome Pathways.

2326 US FDA Efforts to Enhance Safety Testing of
Pharmaceuticals

K. Davis-Bruno. US FDA (CDER), Silver Spring, MD. Sponsor: D.
Keller.
Advances in science and technology show great promise for the development of new safe and effective therapeutics. US FDA is working to
incorporate biomarkers, genomics, emerging, and alternative technologies into regulatory science for nonclinical safety testing. Enhancing
toxicology safety assessment is critical in regulatory science because
toxicology studies are essential to advance safe product development
and to decrease failure rate in clinical trials. Enhanced approaches to
toxicology studies may improve predictions on how novel compounds
will behave in humans. These studies may help prevent adverse human
health events, reduce the time to market for new products, and help
reduce drug development costs. The goal of applying new technologies,
tools, and methods is to define the complex mechanisms associated
with toxicity, and advance our understanding of the critical biological
events in the expression of toxicity to improve assessment of human
exposure and susceptibility. Application of cutting-edge scientific technologies into regulatory science may enable more accurate prediction
of toxicities and a better understanding of their human relevance. An

2327 Development of a Single High Fat Meal

Challenge to Unmask Latent Cardiopulmonary
Effects of Air Pollution Exposure in Rats

B. L. Martin1, S. J. Snow2, L. C. Thompson2, M. C. Schladweiler2, U.
P. Kodavanti2, M. Hazari2, and A. K. Farraj2. 1Oak Ridge Institute
for Science and Education, Oak Ridge, TN; and 2US EPA, Research
Triangle Park, NC.
Stress tests are used clinically to determine the presence of underlying
disease and predict future cardiovascular risk. In previous studies, we
used treadmill exercise stress in rats to unmask the priming effects of
air pollution inhalation. Other day-to-day activities stress the cardiovascular system, and when modeled experimentally, may be useful in
identifying latent effects of air pollution exposure. For example, a single
high fat (HF) meal can cause transient vascular endothelial dysfunction
and increases in LDL cholesterol, triglycerides (TG), oxidative stress, and
inflammation. Given the prevalence of HF meals in western diets, the
goal of this study was to develop a HF meal challenge in rats to see if
air pollution primes the body for a subsequent stress-induced adverse
response. Healthy male Wistar Kyoto rats were fasted for six hours and
then administered a single oral gavage of isocaloric lard-based HF or
low fat (LF) suspensions, or a water vehicle control. We hypothesized
that rats given a HF load would elicit postprandial changes in cardiopulmonary function that were distinct from LF and vehicle controls. One to
four hours after gavage, rats underwent whole body plethysmography
to assess breathing patterns, cardiovascular ultrasounds, blood draws
for measurements of systemic lipids and hormones and a test for sensitivity to aconitine-induced arrhythmia. HF gavage caused an increase
in circulating TG relative to LF and vehicle controls and an increase in
LDL cholesterol relative to LF gavage. HF gavage also caused a near
significant increase in peak diastolic strain rate (p = 0.06) relative to
vehicle, indicating alteration in myocardial performance during diastole.
Interestingly, LF gavage significantly reduced sensitivity to aconitine
challenge and caused a significant increase in adrenaline levels relative
to the HF gavage and vehicle. In summary, although the impacts of the
single HF gavage on cardiopulmonary function were minimal, systemic
responses were characteristic of postprandial responses in humans. This
approach may be useful for modeling real world stressors (i.e. HF diet)
and determining the acute effects of low level air pollution otherwise
imperceptible without secondary stress. (This abstract does not reflect US
EPA policy)

2328 Ambient Particulate Matter Induces Mouse

Pulmonary Pathological Vascular Remodeling
and Vascular Smooth Muscle Cell Dysfunctions

P. Lin2, C.-C. Ho2, Y.-C. Chen2, H.-T. Tsai2, M.-H. Tsai2, and S.-F.
Yet1. 1Institute of Cellular and System Medicine, National Health
Research Institutes, Zhunan, Taiwan; and 2National Institutes
of Environmental Health Sciences, National Health Research
Institutes, Zhunan, Taiwan.
Exposure to ambient particulate matter (PM) has been associated with
increased morbidity and mortality of cardiovascular diseases, although
the molecular mechanisms are still unclear. To investigate the health
effects of PM in Taiwan, we collected PM2.5~10 from different areas.
Oropharyngeal aspiration of Taiwan industrial PM2.5~10 in mice for two
months resulted in pulmonary vascular alterations, including medial wall
thickening of arterioles and intimal hyperplasia of small arteries. Smooth
muscle α-actin staining confirmed increased vascular smooth muscle
cells (VASMCs) in the remodeled vessels. Given that proliferation and
migration of medial VSMCs of the arteries contribute to wall thickening
and intimal lesion formation, we investigated the effects of PM on VSMC
functions. Treatment with commercial PM (SRM 2786) or Taiwan PM2.5~10

increased inflammatory cytokine productions, decreased VSMC marker
gene (Cysteine-rich protein 2 and smooth muscle α-actin) expressions,
and increased cellular migration, indicating transition of VSMCs from
a differentiated phenotype to synthetic phenotype. Furthermore,
SRM 2786 induced VSMC dysfunction via MyD88 dependent Toll-like
receptor signaling pathways and NF-κB dependent pathways. These
findings provide important new insights regarding the mechanisms for
PM-induced vascular diseases.

2329 Inhalation of Particulate Matter Impairs Cardiac
Performance Independent of Hypertrophic
Remodeling in Rats

A. P. Carll3, T. D. da Silva2, B. Lima2, M. Filho2, R. Raimundo2, S.
Crespo2, K. Fulghum3, D. Zati2, A. L. Ricci2, E. Diaz2, M. Kontaridis1,
and J. J. Godleski2. 1Beth Israel Deaconess Medical Center, Boston,
MA; 2Harvard University, Boston, MA; and 3University of Louisville,
Louisville, KY. Sponsor: A. Carll.
Fine particulate matter (PM2.5) is a ubiquitous air pollutant associated
with cardiovascular morbidity and mortality stemming in part from
heart failure exacerbation. Inhalation of traffic-derived PM2.5 (TPM) may
exacerbate heart failure by impairing cardiac performance through
cardiac remodeling, but this mechanism remains unconfirmed and
the dose-effect relationship poorly understood. To test our hypothesis
that PM exposure impairs left ventricular (LV) performance by inducing
cardiac remodeling, we implanted rats (n=7-8/group) with telemeters
measuring LV pressure and ECG and exposed them for 16 days to TPM
(187µg/m3, 5 h/day × 4 d/wk × 4 wk). TPM induced a relative sympathetic dominance during week 3 (decreased heart rate variability), and
a similar trend during week 4 of exposure. After eleven days of exposure, TPM significantly decreased contractility and lusitropy relative to
filtered air on three days. After the 16-day exposure, TPM diminished
baroreflexes and potentiated nitroprusside-triggered ventricular tachyarrhythmias. Additional non-telemetered rats (n=6/group) were similarly exposed and assessed for LV and right ventricular (RV) remodeling,
protein phosphorylation, and gene expression. TPM altered ventricular
MAPK and Akt phosphorylation and caused RV myocyte atrophy, but
induced neither hypertrophy nor fibrosis in either ventricle. TPM also
did not alter expression of hypertrophic remodeling-associated genes
in either ventricle. Thus, repeated exposure to traffic-derived PM may
promote heart failure and ventricular arrhythmia independent of classic
hypertrophic remodeling.

2330 Cardiovascular Effects of Concentrated Ambient
PM2.5 And Ozone Co-Exposure in ApoE -/- Mice

A. Keebaugh, L. Wingen, S. Chen, D. Herman, S. Renusch, L.
Pawlikowski, and M. Kleinman. University of California Irvine,
Irvine, CA.
Exposure to PM2.5 (particles <2.5 micron in diameter) and ozone (O3) has
been associated with cardiovascular morbidity and mortality. We have
previously shown that apoE -/- mice will develop arterial atherosclerotic
plaques over the course of an eight week exposure to PM, however the
effect of co-pollutant exposures of O3 and PM2.5 is less well-studied.
Mice implanted with electrocardiogram monitors were evaluated for
responses to either PM2.5 concentrated ambient particles (CAPs) or PM2.5
CAPs + 200ppb ozone for four days a week for eight weeks. Ambient
PM was concentrated using a Versatile Concentration Enrichment
System (VACES). Systolic and diastolic blood pressure was evaluated
in the mice every two weeks using a tail-cuff BP measurement system.
BP was increased relative to baseline for the PM2.5 and PM2.5 + O3 exposure groups. Exposure to both PM2.5 and PM2.5 + O3 altered measures of
heart rate variability (HRV), indicating a shift in the autonomic regulation of the heart and are associated with adverse cardiovascular events.
Changes in BP and HRV parameters were similar between PM2.5 and
PM2.5 + O3 groups, indicating that adding O3 did not change the acute
response to PM2.5 exposure. Increased BP may be related to mechanisms
that make them unable to maintain proper BP homeostasis such as:
stiffening of the arteries that accumulate atherosclerotic plaque, sympathetic activation of the autonomic nervous system, or disruption of
nitric oxide related vasodilation of the arteries. Although co-exposure to
O3 has the potential to alter the effects of PM2.5 only exposure either by
creating additional insult or by reacting with PM to alter its toxicity, the
adverse effects on autonomic regulation and BP were similar between
the co-pollutant and PM2.5 only exposure.
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advance in regulatory science product review includes evaluation of
more relevant animal models. Current animal models, while predictive
in defining a safe, first in human dose, do not always predict the adverse
effects of therapeutics on humans. However, even clinical trials do not
reliably predict safety in larger human populations. Development of
more relevant animal models may serve to bridge this gap. Adoption
and advancement of relevant in vitro and in silico technologies, and
emerging/alternative technologies, wherever possible, holds promise
and many uncertainties. The biggest impediment to regulatory acceptance is the quality of the assays and translation to clinical relevance.
For example, exposure assessments and extrapolation from an in vitro
milieu to humans is a current challenge. Formal validation or qualification of these assays is not always needed, but regulatory confidence in
the underlying predictive value of the assay is important. An example of
an in silico assay that recently gained regulatory acceptance is (Q)SAR for
assessment of genotoxic impurities. Alternative assays are accepted and
are currently utilized if they can answer regulatory questions.

2331 Ultrafine Particulate Matter Increases Cardiac

Ischemia/Reperfusion Injury via Mitochondrial
Permeability Transition Pore

N. A. Holland1, C. R. Fraiser1, R. C. Sloan1, R. B. Devlin2, D. A. Brown1,
and C. J. Wingard1. 1East Carolina University, Greenville, NC; and
2US EPA, Chapel Hill, NC.
Ultrafine Particulate Matter (UFP) has been associated with increased
cardiovascular morbidity and mortality. However, the mechanisms that
drive particulate matter (PM) associated cardiovascular disease and
dysfunction remains unclear. There are several popular hypotheses
regarding how pulmonary exposure to environmental toxicants such as
PM can induce deleterious cardiovascular effects. The proposed mechanisms that link air pollutants and cardiovascular disease include: systemic inflammation, direct particle interactions with cells and tissues of
the cardiovascular system, alterations autonomic nervous system, and
mitochondrial dysfunction. We hypothesize that exposure to UFP results
in expansion of cardiac ischemia reperfusion (I/R) injury, resulting from
mitochondrial permeability transition pore (mPTP) Ca2+ sensitization.
In order to test this hypothesis Sprague-Dawley rats were exposed to
100 μg of UFP (collected from the Chapel Hill, NC air shed) via intratracheal instillation. Cardiac function, arrhythmogenesis, and cardiac
I/R injury were assessed using a Langendorff working heart model. We
found that exposure to UFP was capable of significantly exacerbating
cardiac I/R injury without changes to overall cardiac function or major
changes in arrhythmogenesis. To implicate mitochondrial dysfunction
and increased mPTP opening in UFP associated cardiac injury we treated
the isolated heart preparations with cyclosporine A, an inhibitor of
mPTP opening, to determine if infarct expansion could be attenuated.
Additionally, mitochondria were isolated from hearts of exposed and
non-exposed rats and tested for calcium buffering capacity. Cardiac I/R
injury was attenuated with administration of CsA, suggesting a role for
the mPTP in UFP associated cardiovascular toxicity. Furthermore, isolated cardiac mitochondria from UFP exposed rats displayed decreased
Ca2+ buffering before opening of the mPTP. These findings suggest that
UFP associated expansion of cardiac I/R injury may be a result of mPTP
Ca2+ sensitization resulting in increased mitochondrial permeability
transition and potential initiation of mPTP associated cell death pathways.

2333 Navajo Mine Dust Exposure and Subsequent
Toxicological Implications

K. Zychowski, G. Herbert, C. Tyler, S. N. Lucas, B. Sanchez,
J. Cerrato, S. Avasarala, P. Muttil, N. Kunda, and M. Campen.
University of New Mexico, Albuquerque, NM.
Introduction: From the 1940s-1980s, corporate mines were established
in the Southwestern United States. Consequently, the Navajo population in this region has been exposed to heavy metal contaminants
such as uranium (U), vanadium (V), and arsenic from past U mining, and
over 500 mines remain unremediated sources of contamination within
Navajo Nation. A strong link between pulmonary exposure to metal-based particulates (PM) and cardiovascular outcomes has been established. However, much of the toxicology has focused on soluble forms of
metal, which are more relevant to the burning of residual oil, not mining
contamination. Therefore, we propose to translationally assess inflammatory and atherogenic impacts of inhaled PM in a mouse model using
dust samples from contaminated former mining sites. Methods: Mice
(male, C57BL/6, n=6/gp) were randomly divided into three test groups:
DM (dispersion media), Control (background dust) and C28 (Blue Gap
Tachee Claim 28). Dust samples were fractionated (<5 μM) and were
characterized using XRF, TEM and particle size distribution analysis.
Mice were aspirated with 100 μg of dust in 50 µl of dispersion media.
24 h later, mice were sacrificed and aortas harvested and mounted on
a wire myograph to examine serotonin-mediated vasoconstriction.
Inflammation in the lungs was also assessed by conventional lavage
techniques. Results: Serotonin constriction revealed that C28-exposed
aortas were significantly more vasoreactive compared to Control and
DM-exposed aortas. C28 also caused significantly greater neutrophilia in
the lungs of vehicle- and control particle-treated mice. Upon mineralogical characterization, C28 samples contained increased U and V composition. Conclusions: Exposure to uranium mine-derived dust samples
resulted in increased vascular vasoreactivity and lung inflammation
compared to uncontaminated dust from the same region. These data
suggest that effect may be attributed to U and V presence in the sample.
Future studies will focus on the causative effect of U and V exposure on
respiratory and vascular pathology.

2334 Careers for Toxicologists at Primarily
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2332 Heterogeneity of the Vascular Response to Acute

SOT 2017 Annual Meeting

Pulmonary Nano-TiO2 Exposure

A. B. Abukabda2, P. A. Stapleton1, C. R. McBride2, and T. R.
Nurkiewicz2. 1Rutgers University, Piscataway, NJ; and 2West
Virginia University, Morgantown, WV.
Exposure to engineered nanomaterials (ENM) is linked with numerous
adverse cardiovascular responses. Despite significant anatomic and
physiologic heterogeneity in the systemic circulation, a full toxicological
assessment of these effects throughout the vasculature is lacking. In
order to determine the most sensitive levels of the vasculature where
negative cardiovascular endpoints manifest, a serial assessment across
distinct compartments of the vascular tree was performed. The aim of
this study was to determine the impact of ENM exposure on vascular
reactivity in discrete segments. Because hemodynamics and reactivity
are most sensitive at the microvascular level, we hypothesized that acute
nano-TiO2 exposure differentially affects reactivity with a more robust
impairment in the microcirculation. Sprague-Dawley rats (8-12 weeks)
were exposed to nano-TiO2 via intratracheal instillation [(IT; 20 μg, 100
μg, or 200 μg suspended per 250 μl of vehicle 24 hours prior to vascular assessments. Wire myography was used to evaluate macrovascular
active tension generation specifically in the thoracic aorta, the femoral
artery and 3rd order mesenteric arterioles. Pressure myography was
used to determine vascular reactivity in 4th and 5th order mesenteric arterioles. Vessels were treated with phenylephrine (PE;1x10-9-1x10-4 M an
α-adrenergic agonist), acetylcholine (ACh;1x10-9-1x10-4 M, an endothelium-dependent agonist), and sodium nitroprusside (SNP;1x10-9-1x10-4 M,
an endothelium-independent agonist). Higher doses of nano-TiO2 differentially impaired endothelial response in the macrocirculation (aortic
53.96±11% vs femoral rings 25±6%). Endothelium-dependent reactivity
was also diminished in 3rd order mesenteric arterioles from rats exposed
to 100 and 20 µg nano-TiO2 by 72.21±9%, and 68.28±8% respectively. 4th
and 5th order mesenteric arterioles exhibited a significant dose-dependent impairment in response to ACh (82.86±12% at 200 µg, 42.6±12% at
100 µg, 49.4±13% at 20 µg). The above results provide cumulative evidence of an endothelium-dependent impairment in vascular reactivity
associated with acute pulmonary ENM exposure. Given the significant
dysfunction at lower ENM doses, these deleterious effects are most pronounced in the microcirculation. DGE-1144676 (TRN, ABA), K99-ES024783
(PAS); R01-ES015022 (TRN)

Undergraduate Institutions: Everything You
Need to Know about the Job, Hiring Process, and
Strategies for Success in Teaching and Research

K. E. Stine. Auburn University at Montgomery, Montgomery, AL.
Primarily Undergraduate Institutions (PUIs) offer a substantial proportion of the available tenure-track faculty positions in the life sciences. For
toxicologists interested in careers that combine research and teaching,
a PUI can provide an excellent setting for interdisciplinary research collaborations and the opportunity to introduce undergraduate students
to toxicology, in both the classroom and the laboratory. But the process
of preparing for, finding, interviewing for, and launching a PUI career
differs in terms of strategy and approach from that for a faculty position
at a research university, often leaving graduate students and postdoctoral trainees with few role models and limited information on where to
start to pursue this career path. This session brings together PUI toxicologists at different career stages to discuss the roles available for toxicologists in traditional academic undergraduate-oriented departments, and
to provide advice on how to strategically navigate the competitive job
market for tenure track positions at PUIs. Strategies also will be offered
for laying the groundwork for success in the critical first few years on the
job. The topics discussed will include: (1) a broad overview of the job
responsibilities and expectations for PUI tenure-track faculty members;
2) what to expect from the hiring and interview process, and how toxicologists can prepare and present themselves as qualified candidates
for PUI positions; (3) strategies, tools, and resources for achieving early
successes in both the research and teaching aspects of the job. The
session will conclude with a panel discussion, giving postdocs and graduate students considering this career option the opportunity to further
explore these topics and others that were not explicitly covered.

2335 Investigating Metabolic Diseases Using
Integrated ‘Omics Approaches

S. J. Snow. US EPA, Durham, NC.
The combination of the general population living longer, consuming
a Western diet rich in saturated fats, and leading a sedentary lifestyle,
among other risk factors, has led to the prevalence of metabolic diseases
worldwide. For example, it is estimated that 20-25% of the US population have fatty liver disease, and approximately 35% of US adults have
metabolic syndrome. Advances in next generation DNA sequencing,

2336 Using Publicly Available Toxicogenomics Data to
Identify Absorption, Distribution, Metabolism,
and Excretion (ADME) Genes Relevant to
Steatosis

S. C. Suarez, and H. El-Masri. US EPA, Durham, NC.
Absorption, Distribution, Metabolism, and Excretion (ADME) genes play
crucial roles in the translation of chemical exposure to the chemical dose
in the tissue where toxicity occurs. The liver is a highly metabolic organ
that, when impaired, may significantly impact ADME. As an example,
steatosis is a common condition associated with obesity and diabetes
that affects 1 in every 3 adults in the US. If not treated, steatosis may
progress to severe and irreversible liver disease, including cirrhosis and
liver cancer. Here we developed a toxicogenomic method where the
DrugMatrix database, which contains data collected from rat chemical
exposure, microarray, and pathology data ,was mined to anchor pathological changes in the liver identified as steatosis to gene expression
alterations. DrugMatrix is one of many publicly available toxicogenomic
databases that house collected exposure, gene expression, and disease
data in multiple tissues. A total of 645 chemical exposure conditions
from this database, with 9,530 genes per individual array, were examined. Differential gene expression and co-expression methods were
coupled with pathway enrichment analysis to identify ADME gene
changes associated with exposures resulting in steatosis. Our results
identified multiple expression changes in these groups of genes.
Specific ADME gene expression changes identified include increases
in CYP7A1 and CYP3A family genes, as well as transport related genes
VLDLR and SLC20A1. Increased gene expression in genes linked to metabolic pathways related to xenobiotic metabolism and biological oxidation were also identified. In contrast, phase II metabolism genes such
as SULT1C2 and multiple SLC family transport genes, as well as genes
comprising steroid, cholesterol, and lipid metabolic pathways exhibited
decreased gene expression. It is anticipated that this method will identify ADME changes relevant to other adverse outcomes in liver as well as
other tissues and these changes can be used to elucidate chemical-specific modes of action and better inform human health risk assessment.
Disclaimer: This abstract does not necessarily reflect US EPA policy.

2337 Chronic Alcohol Consumption Alters

Mitochondrial Protein Hyperacetylation and
Induces Hepatic Oxidative Stress

M. Assiri, S. R. Roy, P. S. Harris, J. R. Roede, and K. S. Fritz. University
of Colorado Denver Skaggs School of Pharmacy, Denver, CO.
Chronic ethanol consumption is a significant source of morbidity and
mortality worldwide and contributes to approximately 6% of global
deaths. Understanding mechanisms of hepatic mitochondrial dysfunction resulting from ethanol metabolism remains a key area of interest.
Our findings demonstrate that liver physiology is altered by ethanol-induced mitochondrial protein hyperacetylation. Since oxidative stress
is a critical marker of early-stage ethanol toxicity in the liver, scrutiny
is focused on the impact of ethanol toxicity on the acetylation status
of mitochondrial antioxidant proteins and overall antioxidant status.
We used a mouse model that employs a Lieber-DeCarli liquid diet
to examine the impact of chronic ethanol consumption in a high-fat
Western diet. Towards the goal of elucidating mechanisms of alcohol
toxicity, we integrated a multi-omics approach utilizing techniques
such as 1D- and 2D-SDS-PAGE, followed by Western blot, immunohistochemistry (IHC), enzyme activity assays, quantitative acetylomics via
HPLC-MS/MS, and computational modeling. These proteomic techniques were employed to assess changes in the acetylation status of

individual lysine residues on mitochondrial antioxidant proteins from
control and ethanol-fed mice. The results of our studies indicate that,
as a result of chronic ethanol consumption, the acetylation of SOD2
lysine residues was increased in liver by 270% and 400%, as quantified
by Western blot and LC-MS/MS, respectively. IHC analysis revealed that
ethanol-induced acetylation of SOD2-K68 is significantly increased in
zone 3 in liver. Our findings also correlate with a decreased ratio of GSH/
GSSG as a consequence of ethanol toxicity. These acetyl-related changes
were then correlated with alterations in SOD2 enzymatic structure and
activity. For example, chronic ethanol consumption shifted the isoelectric point of SOD2 toward a more negative state as demonstrated by
2D- electrophoresis. Ethanol-induced acetylation also decreased SOD2
activity by 40%. Through the integration of enzyme assays, mass spectrometry, and computational biology, our goal is to further elucidate
mechanisms of nutrient disruption and oxidative stress due to alcohol
toxicity.

2338 Redox Proteomics for the Detection of Protein
Cysteine- and Protein Network-Mediated
Mechanisms of Toxicity

J. D. Chandler, Y. Mi-Go, and D. P. Jones. Emory University School
of Medicine, Atlanta, GA.
Protein cysteine residues confer dynamic control of cellular functions,
such as cell signaling and metabolism, by the oxidative modification
of their thiols. These modifications include thiol-disulfide exchange
and at least 18 other thiol modifications with an array of functional
effects. Negative selection of cysteine during evolution underscores the
importance of coordinated cysteine redox biology to control protein
functions. Toxicant disruption of specific redox-active sites within the
cysteine proteome (all protein cysteines expressed by a cell) is often
selective and independent of detected changes in more abundant low
mass thiols such as glutathione. Hence, redox proteomics is an important
cutting-edge mass spectrometry-based technology to address the challenges of determining toxicant mechanisms of action. However, best
practices in redox proteomic methods demand critical consideration
of methodological constraints and a clear experimental rationale as
protein isolation, denaturation, and labeling all help to determine the
quality and interpretation of redox proteomics data. Two major foci of
redox proteomics are quantitative (often ratiometric) studies of protein
cysteines and identification of post-translation modifications, e.g.
S-nitrosylation. Both experiments are adaptable to enrichment-based
and quasi-label free approaches, such as biotinylated probes and
simple low molecular weight labels like N-ethylmaleimide. Because
the redox proteome regulates cellular functions, individual and pathway-based hits can be readily tested with targeted follow-up studies
and complementary approaches. For example, acute cadmium exposure in mouse liver resulted in carnitine/acylcarnitine carrier protein
and carnitine palmitoyltransferase 2 oxidation, which was confirmed
by a 2.2-fold decrease in mitochondrial d3-palmitoylcarnitine uptake.
In addition, protein cysteine targets of hypothiocyanous acid in lung
epithelia mapped to the thioredoxin reductase (TrxR) protein network
and induced TrxR gene expression 2-fold. In agreement with expected
TrxR-Nrf2 crosstalk, cellular glutathione (GSH) increased by 3.1-fold 20 h
later, while GSH precursors such as glutamine increased as early as 2 h
after protein targeting. Thus, redox proteomics provides both targeted
and global resolution of the cysteine proteome dynamics that underpin
cellular responses to chemicals.

2339 Elucidation of Hepatic Metabolic

Reprogramming in AhR-Mediated NAFLD
through the Integration of Complementary
‘Omic Datasets

R. Nault. Michigan State University, East Lansing, MI.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been linked to development of nonalcoholic fatty liver disease (NAFLD). With the advent of
high-throughput and data rich ‘omic technologies, it is now possible to
elucidate the mechanisms underlying the progression of steatosis to
steatohepatitis with fibrosis in AhR-mediated NAFLD elicited by TCDD.
We integrated complementary lipidomic, metabolomic, transcriptomic,
and ChIP-sequencing datasets to investigate TCDD-elicited reprogramming of liver metabolism including lipid, carbohydrate, and amino acid
metabolism, transport, and processing. Similarities in gene expression
changes and metabolic reprogramming to the Warburg effect were
observed. These changes, typically associated with cancer cell proliferation, were identified, prior to any incidence of hepatocellular carcinoma associated to long-term TCDD treatment. Our data suggests
that metabolic reprogramming supports ROS defenses by redirecting
glucose metabolism towards NADPH production marked by isoform
switching of pyruvate kinase. However, once these defenses mecha-
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RNASeq methods, and novel mass spectrometry tools have provided
access to large amounts of data that are able to be deciphered using
computational approaches and new statistical methods to generate
new hypotheses. Since the building blocks of a cell (DNA, RNA, proteins,
metabolites) do not work in isolation and must orchestrate functions
across global networks, it is important to utilize these molecular tools
to understand biological functions in an entire system. The goal of this
symposium is to demonstrate the use of different ‘omics technologies as
a tool to decipher possible mechanisms in the development of toxicant
exposure-induced metabolic diseases. The first two speakers will present
data using toxicogenomics and proteomics tools, respectively, in liver
disease. The remaining four speakers will take an integrative approach
combining multiple technologies (i.e. redox-based proteomics, transcriptomics, metabolomics, ChIP sequencing, epigenomics, lipidomics)
in the setting of metabolic dysfunctions. Using ‘omics applications in
these settings will enhance understanding of known molecular mechanisms involved in metabolic diseases, aid in identifying undiscovered
pathways underlying adverse health effects, and further develop integrated models to identify risk factors to improve human health.

nisms are exhausted, simple hepatic lipid accumulation (steatosis) progresses towards steatohepatitis (steatosis and inflammation) with metabolic redirection towards collagen synthesis, fibrosis, and extracellular
matrix remodeling. These results provide an example of the integration
of disparate datasets, which can be used to elucidate the mechanisms
involved in TCDD-elicited disease progression.

2340 Epigenomic and Lipidomic Techniques Used

to Identify Non-Alcoholic Fatty Liver in Mice
Perinatally Exposed to Bisphenol A and High Fat
Diets

E. Marchlewicz. University of Michigan, Ann Arbor, MI.
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A wide range of perinatal exposures, including endocrine disrupting
chemicals and maternal diet, can impact offspring metabolic health
across the life course; however, the potential for perinatal programming
of non-alcoholic fatty liver disease (NAFLD) has not yet been thoroughly
investigated. We examined the impact of perinatal bisphenol A (BPA)
and high fat diet (HFD) exposures on the development of NAFLD in offspring, using a combination of epigenomics, lipidomics, and extensive
metabolic phenotyping techniques. Previous hepatic epigenome-wide
DNA methylation data (MethylPlex-Seq) generated during a BPA
dose-exposure study in the lab, identified epigenetically labile regions.
We observed a pattern of altered methylation in lipid metabolism genes,
including Acaca, Cpt1, Elovl, Fabp, Fasn, Pparα, Pparγ, Scd1, and Srebp1.
Thus, in the perinatal BPA + HFD exposure study, we examined hepatic
gene expression in fatty liver and insulin resistance pathways (RT2
Profiler Superarrays) of adult offspring (10 months). A sexually dimorphic pattern of differential expression emerged, with hepatic expression
of Cpt, Dgat2, Fabp, Lpl, Pparα decreased (p < 0.05), while Ifng, Pparγ,
Srebp1 increased (p < 0.05) in 10-month offspring, perinatally exposed
to BPA or Western HFD compared to controls. To determine if alterations
observed in hepatic lipid transport and processing affected circulating
lipids, we explored differences in plasma lipids (Shotgun Lipidomics).
Offspring perinatally exposed to Western HFD had lower levels of circulating long-chain triglycerides (C52-C62, p < 0.05) compared to controls,
consistent with hepatic steatosis. Identification of pathways altered
by perinatal exposure to BPA and HFD via Superarray and Lipidomic
techniques provided clear candidate gene targets for quantitative DNA
methylation analysis (Pyrosequencing). Findings from this mouse study
informed investigation of lifecourse phenotyping and DNA methylation
analyses in a well-characterized, human birth cohort, to assess whether
findings are generalizable across species. Thus, the integration of multiple ‘omics techniques guided our hypothesis driven analysis of prenatal programming of NAFLD, resulting in the identification of genes
and lipids differentially altered in adulthood by perinatal exposure to
BPA and HFD.

2341 Whole-Genome Bisulfite Sequencing Provides

Insights into Metabolic Dysfunction in Male Mice
Exposed In Utero to Bisphenol A

S. N. Martos1, M. Susiarjo2, Y. Lan2, M. S. Bartolomei2, and Z. Wang1.
1John Hopkins University, Baltimore, MD; and 2University of
Pennsylvania, Philadelphia, PA.
Epigenetic mechanisms regulate tissue- and developmental stage-specific genomic functions, such as gene expression. Early life exposures that
alter developmental programming of epigenetic marks can have phenotypic consequences at subsequent life stages. Decreasing sequencing
costs and increasing availability of bioinformatics tools make epigenomic approaches appealing to explore epigenetic processes affected
by environmental exposures. Next generation sequencing technologies
for assessing genome-wide DNA methylation rely on immunoprecipitation, enzymatic digestion, or bisulfite conversion. Whole-genome bisulfite sequencing (WGBS) provides base-resolution methylation data for
over 20 million CpGs within the haploid mouse genome. After perinatal
exposure to bisphenol A (BPA), adult male, but not female, mice display
altered glucose homeostasis and increased body fat. We used WGBS
to investigate the role of epigenetics in male offspring from pregnant
C57BL/6J mice exposed to 0 (control; n=3), 10 µg/kg bw/d (lower; n=4)
or 10 mg/kg bw/d (upper; n=4) BPA through supplemented diet from
two weeks prior to mating through embryonic day 18.5 (E18.5). We compared the liver methylomes of male mice fetuses exposed to BPA using
local-likelihood smoothing and empirical null hypothesis modeling to
identify differences among exposure groups. Hierarchical clustering of
differentially methylated regions (DMRs) among comparisons–lower
vs. control (892), upper vs. control (152), and upper vs. lower (2603)–
showed distinct methylation changes from lower and upper dose BPA
exposure. Pathway analyses of DMRs were consistent with predominantly dose-specific responses induced in fetal livers from in utero BPA
exposure. The single enriched canonical pathway (-log(p-value) > 1.3)

shared by lower vs. control and upper vs. control DMRs suggests that
both lower and upper dose BPA exposure affect nutrient sensing in male
fetal livers. Integration of DMRs with RNAseq data indicated activation
of upstream regulator Rictor (bias-corrected z-score = 2.046) for lower
compared to control and inhibition of Rictor (bias-corrected z-score =
-2.954) and activation of Scap (bias-corrected z-score = 2.738) for upper
compared to lower dose BPA livers. Overall we observed dose-dependent effects on DNA methylation and dysregulation of glucose and lipid
homeostasis pathways.

2342 The Skin As a Metabolic and Immune-Competent
Organ: Implications for Pharmaceutical
Development and Safety Assessment

J. Bussiere. Amgen, Inc., Thousand Oaks, CA.
One of the most important recent advances in the study of cutaneous
adverse drug reactions is the understanding that the skin is both a
metabolically and immunologically competent organ. Recent mechanistic insights into the ability of the skin to serve as a protective barrier
with limited drug biotransformation ability, yet highly active immune
function, has provided insight into the biological capability of the skin.
While the immune response of the skin to drugs is quite different from
that of the liver due to evolutionary conditioning, it frequently occurs in
response to various drug classes and manifests as a spectrum of hypersensitivity reactions. The skin is a common site of adverse and even idiosyncratic drug reactions; drug-specific T cells, as well as involvement of
an adaptive immune response, appear to be key mechanistic drivers in
the scenarios. Association of other factors such as HLA polymorphisms
may play a significant role for particular drugs. The purpose of this symposium is to integrate emerging findings into proposed mechanisms of
drug metabolism and immunity in the skin that are likely responsible for
rashes and other local allergic responses. Although the focus will be on
toxicology, current information about genetic associations and novel
mechanisms with drugs such as immunotherapies and immune checkpoint inhibitors will be incorporated. The unique biological aspects of
the skin, and current issues and implications on drug development, will
be discussed. Lastly, current methodologies cannot predict cutaneous
adverse drug reactions, and this symposium aims to highlight the recent
data to support various mechanisms of drug-induced skin reactions, and
the implications for predictive clinical safety.

2343 Introduction to the Skin as a Target for ImmuneMediated Drug Hypersensitivity (What Are the
Issues We’re Seeing in the Clinic/Patients?)

Y. Saito. MHLW, Kamiyoga,, Japan.
Skin is one of the major target organs for drug-induced adverse reactions. For example, skin rash is very common and described in package
inserts of most drugs. A variety of drug-induced skin reactions are
known such as maculopapular exanthema, erythema multiforme, and
fixed exanthema. Stevens-Johnson syndrome (SJS), toxic epidermal
necrolysis (TEN), drug-induced hypersensitivity syndrome (DIHS), and
acute generalized exanthematous pustulosis (AGEP) are severe cutaneous adverse reactions, sometimes leading to sequela such as vision
loss or even fatality, especially in TEN. Skin disorder is the top relieved
adverse reactions in the Japanese relief system for sufferers from
adverse drug reactions. Drug hypersensitivity reactions in the skin are
a kind of inflammatory reaction in which immunological mechanisms
are most likely involved. Infiltration of CD8+ T cells were observed in
the skin lesion of SJS/TEN, and concentration of a chemokine TARC/
CCL17 was increased in the lesion of DIHS. Furthermore, HLA types are
reported to be associated with several drug-induced SJS/TEN/DIHS.
In the past several decades, the hapten hypothesis is known to be the
prevalent mechanism to explain such drug reactions. Drug is covalently
bound to proteins directly or through metabolic activation via drug
metabolizing enzymes. Then, drug-adducted proteins are degraded into
a peptide-drug conjugate, leading to its presentation by MHC molecules
to T cell receptors (TCRs) for its activation. Penicillin can directly bind to
albumin and activate T cells. Covalent binding of dapsone in the skin
fibroblast is also reported. However, recent studies confirmed the pharmacological interaction with immune receptors’ (p-i) concept proposed
by Dr. Pichler. In this concept, drugs innately have affinity to HLA or TCR.
In fact, carbamazepine and abacavir were shown to bind HLA-B*15:02
and B*57:01 molecules, respectively, and activate CD8+ T cells from the
patients.

2344 The Nevirapine Idiosyncratic Adverse Drug
Reaction Model to Understand Cutaneous
Immunology and Screening Methods

A. Sharma. Amgen, Inc., South San Francisco, CA.
Nevirapine (NVP) treatment is associated with significant idiosyncratic
immune-mediated skin rash and hepatotoxicity. The female Brown
Norway (BN) rat model of NVP-induced skin rash, as well as human skin,
was used to test the hypothesis that development of skin rash is mediated by covalent binding of a NVP metabolite to proteins in skin. An
anti-NVP antibody was produced in New Zealand White Rabbits and
used in immunoblotting studies to detect covalent binding of NVP,
12-OH, or 12-sulfate to skin and liver proteins from rodents and humans.
In vitro incubations of NVP or metabolites with hepatic microsomes
or skin cytosolic fractions from humans, mice, or rats were also performed, in the presence and absence of sulfation inhibitors. The ability
of SULT 1A1*1 to metabolize NVP was also studied. Covalent binding
was observed in isolated epidermal fractions from NVP-treated BN rats
after primary treatment and after re-challenge. Major modified bands
appeared between 40K - 60K. 1-phenyl-1-hexanol application in vivo
locally inhibited skin rash and covalent binding, and also prevented
covalent binding of 12-OH to cytosolic skin fractions and SULT 1A1*1
in vitro. Mice do not develop skin rash and following 5 weeks of NVP
treatment; no covalent binding was detected in mouse skin. The reactive metabolite that led to hepatic covalent binding is likely a quinone
methide formed by oxidation of the methyl group; however, it appears
that covalent binding in the skin is due to 12-NVP-sulfate. Based on the
effect of a topical inhibitor, it appears that the rash is due to formation
of sulfate in the skin. Implications of these findings with relevance to
other drugs with similar structural features will be discussed. Translation
of these results into potential skin toxicity tests and screening methods
to be used in industry settings will be referenced. As well, current knowledge gaps in the area of skin immunology and relation of skin microbiota to idiosyncratic adverse drug reaction development will be mentioned, as this a potential area of developing new screening methods of
use in industry settings.

2346 Towards the Development of a Novel T Cell

Priming Assay to Screen for Skin Sensitization
Potential

D. Naisbitt. University of Liverpool, Liverpool, United Kingdom.
Sponsor: J. Bussiere.
Immunological reactions are a considerable barrier to the safe and cost
effective development of drugs. Research using PBMC from patients with
drug-induced skin, liver, and kidney injury has shown that drug-specific
T cells are important mediators of the disease. Pharmacogenetic studies
have shown strong associations between immunological reactions and
HLA alleles, which implies an effect of the gene product on the disease.
Because of this, one cannot easily test “intrinsic” immunogenicity of
chemicals in an in vitro model. We have recently established the culture
conditions needed to prime T cells to drugs. The method involves in
vitro culture of naïve or memory T cells with autologous dendritic cells
and drug-antigen for several days, before restimulation with fresh
autologous dendritic cells to assess drug-specificity. T cell cloning can
then be performed to gain a more detailed phenotypic and functional
characterisation. Importantly, this approach is flexible, in that factors
such as HLA alleles that predispose an individual to immunological
reactions can be incorporated. It should be noted that for most drugs,
only a few individuals who carry an HLA risk allele develop a reaction
when exposed to an allergenic drug. Therefore, exploration of the role
of other risk factors, such as dysregulation of T cell co-signalling pathways using immune checkpoint inhibitors, is important. Indeed, we have
recently utilised this platform to modulate the activation threshold of T
cells by blocking the co-inhibitory programmed death pathway. In our
most recent experiments we have adapted our T cell priming method
into a screening assay. Through the development of an HLA-typed cell
bank containing PBMC from 1000 healthy volunteers, we are now able
to screen multiple donors (40-50; with and without HLA risk alleles) in a
single 96 well plate using a single readout. In the presentation, model
compounds will be used to describe the cellular basis of drug hypersensitivity, and to explain how the T cell priming culture platform was
established. Test compounds associated with HLA-restricted forms of
drug hypersensitivity will then be used to describe the importance of
the HLA association in individual susceptibility.

2345 Drug Metabolism and Immune Responses in the
J. Uetrecht. University of Toronto, Toronto, ON, Canada.
The two most common targets of idiosyncratic adverse drug reactions
(IDRs) are the skin and the liver. The liver is a common target of IDRs
because it contains many metabolic enzymes, especially cytochromes
P450, which can form chemically reactive metabolites. In contrast, the
expression in the skin of most enzymes that can metabolize drugs is very
low, but it is very immunologically active. Therefore, the most common
IDR target for drugs that are chemically reactive without metabolic activation, such as penicillin and other ß-lactams, is the skin. However, one
metabolic enzyme that is expressed in high concentration in the skin is
sulfotransferase. Most sulfate conjugates are not chemically reactive,
but sulfate is a good leaving group, and some sulfate conjugates are
chemically reactive. As discussed by Dr. Sharma, we have conclusively
demonstrated in an animal model that the sulfate conjugate formed in
the skin from a benzylic alcohol metabolite formed in the liver is responsible for nevirapine-induced skin rashes. On examination of the structures and metabolic pathways of many other drugs that cause severe
rashes, i.e. Stevens Johnson Syndrome/toxic epidermal necrolysis, many
have the potential to form chemically reactive sulfate conjugates. These
drugs include trimethoprim, lamotrigine, valdecoxib, sertraline, and
even carbamazepine. It is likely that at least in some cases such sulfate
metabolites formed in the skin are responsible for these serious rashes.
Although there is limited expression of P450s in skin there is expression
of some flavin-dependent oxidase that appears to oxidize a few drugs,
such as sulfamethoxazole, to reactive metabolites. Although most IDRs
appear to be caused by chemically reactive species, there are exceptions, and in particular biologics such as the new checkpoint inhibitors
often cause skin rashes. The mechanism by which chemically reactive
species and biologics induce an immune response that can lead to a
rash is complex and not well characterized; however, it includes many
types of immune cells that produce a balance between immune tolerance and an inflammatory response.

2347 Molecular Interaction between Drugs and HLA/
TCR in Stevens-Johnson Syndrome and Toxic
Epidermal Necrolysis

S.-l. Hung. National Yang-Ming University, Taipei, Taiwan.
Sponsor: Y. Saito.
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN)
are severe cutaneous adverse reactions (SCAR), mainly caused by drugs.
Upon stimulation with the offending drug, cytotoxic T lymphocytes
(CTLs) produced cytotoxic proteins (i.e., granulysin and granzyme B),
killed the keratinocytes, and mediated hypersensitivity reaction in SJS/
TEN. HLA alleles and CYP2C variants are the genetic determinants of
SCAR, when caused by carbamazepine, allopurinol, and phenytoin.
Delayed clearance and increased plasma levels of the drug and metabolite were noted in the SCAR patients. To understand the mechanism
of SCAR, we investigated the molecular interaction between drugs and
HLA/TCR. The endogenous peptide-loaded HLA-B*15:02 molecule presented carbamazepine to CTLs without the involvement of intracellular
drug metabolism or antigen processing. The HLA-B*15:02/peptide/
ß2-microglobulin protein complex exhibited binding affinity toward
chemicals with 5-carboxamide on the tricyclic ring, such as carbamazepine and oxcarbazepine. HLA-B75 family members sharing similar
structure as that of HLA-B*15:02 could also present carbamazepine to
activate CTLs. Three residues (Asn63, Ile95, and Leu156) in the peptide-binding groove of HLA-B*1502 were involved in CBZ presentation
and CTLs activation. In particular, Asn63 shared by members of the B75
family was the key residue. Computer simulations revealed a preferred
molecular conformation of the 5-carboxamide group of carbamazepine
and the side chain of Arg62 on the B pocket of HLA-B*1502. In addition,
the binding of the allopurinol metabolite, oxypurinol, to HLA-B*58:01
molecule, was also suggested by in silico analysis and T cell proliferation
assay. Oxypurinol of a high concentration stimulated the T cells of the
peripheral blood mononuclear cells of patients with allopurinol-SCAR to
produce granulysin and granzyme B. The Arg97 located between the E
and C pocket of HLA-B*58:01 was identified as a key residue for oxypurinol binding. Furthermore, we found preferential TCR-V-beta and TCRV-alpha usages and oligoclonal expansion of TCR in the blister fluids of
the skin lesions of SJS/TEN. The expression of TCR was drug-specific and
phenotype-specific. The TCR transfectants showed immune response to
the drug in a HLA-restricted manner. These finding provide immunological basis of drug-induced SCAR.
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2348 3D Cell Platforms to Advance Toxicological
Sciences

P. Guzzie-Peck. Janssen Pharmaceutical Company, Chalfont, PA.
Microphysiological and 3 dimensional (3D) model systems represent a
compelling and provocative technological advancement for improving
current in vitro static, cell-based models with the potential to more
accurately recapitulate organ function, and therefore better predict in
vivo toxicological mechanisms, improve compound selection during
lead optimization, and enable “personalized toxicology” assessments
using patient-derived iPS cells in these systems. Development of these
platforms is being funded by DARPA and NIH NCATS, and includes collaboration with pharmaceutical companies with the intent to improve
the clinical relevance of translational research and become less reliant
on traditional animal model-based studies of safety. However, significant challenges, including qualification/validation of these models and
scalability, remain to fully integrate these models in drug development.
This workshop will provide insights into the evolution of these platforms
with “real world” experiences of the evaluation and use of “organ-on-achip” (microphysiological) and organoid (3D) platforms from the pharmaceutical industry perspective. This will include discussions on the
need for validation/qualification for specific context of use, examples of
applications for screening or investigating the underlying mechanisms
of target organ toxicity, and the experiences gained regarding advantages, disadvantages, challenges, and limitations of these platforms.

2349 Microphysiological Systems in Drug
Development–Evolving a Paradigm

L. Ewart. AstraZeneca, Saffron Walden, United Kingdom.
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Microphysiological systems (best recognized as “organ chips”) are a
rapidly developing in vitro technology that is providing unique opportunities to model the complexity of in vivo biology. The growing debate
about the role of animal studies in a challenging rate of drug development attrition for both efficacy and safety has prompted excitement
for the potential for greater clinical relevance of human-sourced microphysiological systems over traditional animal models. Attaining the
full promise and impact of this innovation will take a very deliberate
process of evolution. This presentation will put current microphysiological systems into the context of what we currently use animal studies
for in drug development. We’ll explore differences in biological complexity, possible near term and future contexts of use, plans to build
confidence in this new way of testing, and opportunities for integration
with existing and other novel capabilities. Lastly, it will share an ongoing
partnership between pharmaceutical industry scientists and NCATS that
is facilitating this evolution.

2350 Organs-on-Chips: 3D Microphysiological

Systems for Understanding Mechanism of Action
in Drug Discovery and Development

G. Hamilton. Emulate, Inc., Boston, MA.
Micro-engineered organ-on-chips show physiological functions consistent with normal living human or animal cells in vivo. Cells cultured
under continuously perfused, engineered microenvironments go
beyond conventional 3D in vitro models by recapitulating in vivo intercellular interactions, spatiotemporal gradients, vascular perfusion, and
mechanical microenvironments. Integrating cells within organ-chips
enables the study of pathophysiology in an organ-specific context.
Cellular/molecular level resolution is enhanced and demonstrates
key insights into the mechanisms of action of drug induced toxicity.
Numerous recent advances in applications of these systems are relevant in drug discovery/development for compound selection, and in
de-risking mechanistic concerns using various organ systems. Our data
support the development and validation of a lung-chip model using
tool molecules that demonstrate increased coagulation of blood and
significant changes in functional endpoints relevant to thrombosis
and clot formation. Improved viability and functionality of the liveron-chip over static cultured hepatocytes during long-term culture was
observed, including their ability to maintain stable physiologic levels
of key hepatic functions such as albumin secretion, urea secretion, and
expression of CYP450s drug metabolizing enzymes. Characterization of
liver-chips with tool hepatoxic compounds will enable species differences studies in ADMETox. The kidney-on chip, developed for ADMETox
applications, show that exposure of the proximal epithelial monolayer
to an apical fluid shear stress mimics living kidney tubules, resulting
in enhanced epithelial cell polarization and formation of primary cilia.
The kidney-chips demonstrate Cisplatin-induced toxicity and Pgp efflux
transporter activity that mimic in vivo responses, including significantly
greater albumin transport, glucose reabsorption, and brush border alka-

line phosphatase, than cells cultured under conventional conditions.
These studies, supported from collaborative efforts across different
organ-chips with various academic and industry partners, demonstrate
the utility of the system as a more predictive human-relevant alternative
for efficacy and safety testing of new chemical entities in humans.

2351 Human-on-a-Chip Systems for Mechanistic
Toxicology Investigations

J. J. Hickman. University of Central Florida, Orlando, FL.
The pharmaceutical industry would benefit greatly from better pre-clinical screening technologies for mechanistic toxicology to reduce the
attrition rate during clinical trials as well as to begin to pre-select specific
genetic sub-populations for optimal drug efficacy with limited distribution. A promising technology to help reduce the cost and time of
this process are body-on-a-chip or human-on-a-chip systems either at
the single organ level, or more importantly, advanced systems, where
multiple organ mimics are integrated in a flow system with a serum-free
defined medium to allow organ to organ communication and interaction for mechanistic determinations for safety and efficacy as well. The
idea is to integrate microsystems fabrication technology and surface
modifications with protein and cellular components, for initiating and
maintaining self-assembly and growth into biologically, mechanically,
and electronically interactive functional multi-component systems.
Cardiac systems have been developed that allow independent evaluation of electrical conduction and force generation in cardiac muscle for
mechanistic studies for both iPSC and embryonic stem cells. The cardiac
tissues have also been combined with liver systems in the same platform
that are shown to provide metabolic capabilities demonstrated with 4
different drug/metabolic pairs. In addition, a functional neuromuscular
junction model composed of human stem cell-derived motoneurons
and muscle was shown to produce dose response curves for synaptic
cleft toxins. Recently, a 4-organ system with recirculating medium was
developed in collaboration with an industry partner, and the system was
used to test the toxicity profiles of 5 drugs administered to the organ
systems over 28 days. These studies resulted in drug-induced multiorgan toxicity that reproduced results typically seen in vivo. Overall, we
have demonstrated outstanding potential to apply these new humanon-a-chip systems to understand mechanistic toxicology.

2352 A Human “Kidney-on-a-Chip” Microphysiological
System for Assessing Nephrotoxicity

J. Himmelfarb. University of Washington, Seattle, WA. Sponsor: P.
Guzzie-Peck.
Human cellular models for kidney disease are necessary to complement animal studies in testing drug safety. Yet conventional kidney
cell cultures lack three dimensional complexity, and do not accurately
recapitulate kidney-specific physiology, toxicology, or disease states.
Microfluidic flow is essential to kidney nephron structure and function.
We have developed a flow- directed human kidney-on-a-chip microphysiological system using primary kidney cells as a model for predicting and understanding the mechanisms of drug-induced kidney
injury. The bioengineered model has been extensively tested and establishes confluent, ciliated proximal tubules with high viability and kidney
marker expression. It consists of a three dimensional, gas permeable
hydrogel patterned with extracellular matrix into which cells and fluid
can be incorporated. The systems requirements include functional
characterization of two key component structures: proximal tubule,
and the peritubular microvascular network. Our data demonstrate that
members of major drug and solute transporters are expressed, correctly
trafficked to their polarized membrane destinations (basolateral or
apical), demonstrate proximal tubular synthetic function (demonstrated
for glutathione synthesis, vitamin D metabolism and ammoniagenesis),
and upregulate tubule injury markers in response to nephro-intoxicants.
Peritubular microvascular network systems data demonstrate vessel
integration and microvascular integrity; barrier function, patency, and
non-thrombogenicity; extracellular matrix production; and response
to injury from microvascular intoxicants. We have also demonstrated
for the first time that human kidney-derived peritubular microvessels
form fenestrae, with altered angiogenic properties unique to human
kidney-derived microvessels. We are now pioneering the use of human
pluripotent stem cell-derived kidney cells and actively testing the utility
of our model for global assessment of drug-induced nephrotoxicity.
These data collectively demonstrate recapitulation in vitro of multiple
physiological and toxicological aspects of the human kidney, including
assessment of drug induced nephrotoxicity.

Vitro Models for Assessing Hepatotoxicity Risk in
Drug Discovery

2355 Experience and Challenges Presented by

Developmental and Reproductive Toxicology of
Biotherapeutics

W. Proctor. Genentech, Inc, South San Francisco, CA.

C. J. Bowman. Pfizer, Inc., Groton, CT.

Drug-induced liver injury (DILI) is still a major source of clinical attrition
and post market withdrawal of drugs. This is due to the many different
etiologies of DILI, the relatively low incidence rate (<1%) often observed,
poor understanding of the drivers for patient susceptibility, and a
general insensitivity of preclinical animal models to detect most human
hepatotoxicants. Extensive efforts are made to evaluate more physiologically relevant in vitro models for assessing hepatotoxicity risk in drug
discovery. New commercially available 3D/organotypic hepatic models
present several advantages over traditional in vitro hepatocyte models,
including but not limited to long-term treatment durations, sustained
and stable metabolic activity, and added complexity (e.g. inclusion of
nonparenchymal cells (NPCs)). In collaboration with AstraZeneca, we
evaluated spheroid human liver microtissues (hLiMT) comprised of both
primary hepatocytes and NPCs (e.g. Kupffer cells). With a test set of 110
drugs (60% DILI positive and 40% DILI negative), we measured cytotoxicity in long-term (14-day treatment) treatment in hLiMT and acute (48h)
treatment in primary human hepatocytes (PHH) from the same donor
used to prepare the hLiMT. Using this test set and correcting for clinical
exposure (Cmax), hLiMT had increased predictive value (71% sensitivity
and 92% specificity) in identifying human hepatotoxicants in comparison to PHH (61% sensitivity and 83% specificity). hLiMT prepared from
multiple lots of hepatocytes and NPCs demonstrated reproducibility
comparable to that of PHH. Lastly, we employed hLiMTs for assessing
mechanisms of potential hepatotoxicity for a proprietary compound
associated with clinical transaminase increases and for a panel of antibody drug conjugates that caused liver injury in preclinical species. In
both studies, hLiMT were more sensitive to detect drug-induced cytotoxicity than PHH and provided mechanistic information that PHH could
not. In conclusion, new microphysiologic in vitro systems, in particular
hLiMT, appear promising tools for DILI risk assessment in drug discovery.

In 2011 an addendum was incorporated into the ICH S6 guideline.
This updated guidance on preclinical safety evaluation of biotechnology-derived pharmaceuticals included much-needed clarification on
developmental and reproductive toxicity (DART) testing of biotherapeutics. While staying true to the case-by-case nature of safety assessment
needed for the wide range of biotherapeutics, detailed guidance was
provided on fertility, embryo-fetal development, and pre/post-natal
development testing approaches, including the timing of such studies
during product development. This presentation will introduce how this
and other ICH guidances are used to provide a regulatory framework
for devising reasonable safety assessment strategies. Important components of these strategies include the characteristics of the specific
molecule, risk tolerance of the intended target patient population, and
available information on the effects of pharmacological target modulation. All of this information determines what experimental data are warranted to inform human risk assessment and communication, despite
the constant challenges posed by the evolving regulatory environment,
novel modalities, novel therapeutic mechanisms, and limitations of relevant animal models.

2354 Challenges and Novel Approaches Evaluating
Developmental and Reproductive Toxicity of
Biotherapeutics

C. J. Bowman. Pfizer, Groton, CT.
Biotherapeutics can present unique challenges and opportunities for
developmental and reproductive safety testing compared to small molecules. The ICH S6 guideline that governs these molecules provides useful
principles and detailed guidance when designing safety studies. It states
that the specific study design and dosing schedule can be modified for
many reasons including: our understanding of species specificity; the
nature of the product; the mechanism of action; immunogenicity; pharmacokinetics; pharmacodynamics; and embryo-fetal exposure. Because
these considerations can differ widely among different biotherapeutics,
unique product-specific studies must be designed not only for the specific characteristics of the molecule, but also the suitability of relevant
test systems. For instance, biotherapeutics are often more specific with
fewer off-target effects and less ability to pass into the fetus; however,
specificity can limit the species available for in vivo testing, as can issues
with immunogenicity. In addition, the target patient population and
the risk/benefit balance can impact the amount and extent of safety
testing. These presentations will include how ICH S6 and other guidance documents, as well as best practices and recent experience, shape
the development of biotherapeutics, including monoclonal antibodies
and oligonucleotides. As experience with biotherapeutics is relatively
limited compared to small molecules, our knowledge is evolving rapidly.
In order to adhere to everchanging regulatory expectations, minimize
the use of animals, and improve the performance of developmental and
reproductive safety assessment/toxicology, innovative strategies using
a combination of animal models and study designs are currently being
developed and applied by many companies. The talks in this workshop are designed to summarize the current regulatory landscape and
to showcase recent examples addressing these regulatory needs, and
answering relevant biological questions associated with safety.

2356 Alternate Embryofetal Toxicity Assessments of
Anti-Cancer Biopharmaceuticals

L. L. Morford. Eli Lilly, Indianapolis, IN.
Cyramza is an example where no animal studies were specifically conducted to evaluate its effects on reproduction and fetal development
based on a substantial body of evidence from the scientific literature
on the established importance of the molecular target, VEGFR2, and
the target ligand, VEGF, in embryo-fetal and postnatal development.
Scientific evidence included data from genetically engineered animals
in which VEGF-signaling has been disrupted (for example, “knockout”
mice), and data from the use of nonproprietary antibodies against VEGF
or its receptors, or proprietary antibodies, against VEGFR2. These studies
demonstrated that disruption of VEGF/VEGFR2 signaling and angiogenesis impairs the proper functioning and/or development of tissues
critical for embryo-fetal development leading to embryo-fetal lethality
and teratogenicity. Olaratumab, a fully human monoclonal antibody of
the IgG1 class that specifically binds to PDGFRa, is an example where
the literature assessment alone was not considered to be sufficient to
evaluate its reproductive risk. PDGF and PDGFRa signaling are involved
in a multitude of very early to late gestational development processes
and are linked to other fundamental genetic pathways. Mouse knockout
models have demonstrated that PDGFRa signaling is vitally important
for survival, growth, and proper development of the lung, intestine, skin,
testis, kidney, axial skeleton, palate, and teeth. Due to the wide range of
effects demonstrated on embryo/neonate viability and development
in the knockout models and the demonstration of PDGFRa activity in
human tissues, it is highly probable that perturbation of the PDGFR
pathway will lead to deleterious effects on human embryo-fetal development. However, Lilly continued to assess additional evidence to evaluate less than 100% target inhibition. Therefore, an EF developmental
toxicity study was conducted using a murine monoclonal antibody surrogate. The mouse study confirmed adverse developmental effects as
demonstrated by an increase in eye malformations at doses of 50 and
150 mg/kg when administered on Gestation Day 6, 9, 12 and 15 via intravenous injection to pregnant mice.

2357 Mechanism-Based DART Risk Assessment for

Biopharmaceuticals Blocking the PD 1/PD-L1
Pathway

D. Herzyk. Merck Research Laboratories, West Point, PA.
The programmed cell death 1 (PD-1) pathway involves T cell co-inhibitory molecules that maintain immune tolerance to self in healthy
host, and plays a role in pregnancy to maintain immune tolerance to
the fetal allograft. In cancer patients, the PD-1 pathway represents a
major immune control switch, which is engaged by tumor cells to overcome active T cell immune surveillance. Blockade of the PD-1 pathway
by monoclonal antibodies (mAbs) has been established as effective
anti-cancer therapy, which enhances functional activity of the target
lymphocytes to facilitate tumor regression and ultimately immune
rejection. However, if a cancer patient receiving anti-PD-1 treatment
becomes pregnant, disruption of the PD-1/PD-L1 pathway may also
reduce or abrogate maternal immune tolerance to the fetal alloantigens inherited through the father. Furthermore, as the intended phar-
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macological effect in cancer patients occurs at full target engagement,
the therapeutic anti-cancer effect theoretically cannot be separated
from potential deleterious effects to the fetus. Therefore, pregnancy
risk based on the mechanism of action of anti-PD-1 mAbs should be
assumed and considered similar for all effective PD-1 inhibitory therapeutics. This is in contrast to typical drug candidates, where potential
effects on reproduction would not be related to their pharmacological
action and developmental and reproductive toxicity (DART) studies
in animals are conducted to identify potential risk in humans and to
determine exposure-margin risk assessment. However, when the reproduction risk can be predicted by a mechanism-based evaluation, and
published data generated from murine models confirm such a risk, the
conduct of DART studies with the clinical drug candidate is deemed not
warranted. Such an approach has been used in the evaluation of pregnancy risk of anti-PD-1 agent, pembrolizumab, and has been demonstrated as a valid and highly desired alternative to performing DART
studies in nonhuman primates.

2358 Case-by-Case Approach for Assessing DART Risk
of Oligonucleotide-Based Therapies

J. Cavagnaro. Access BIO, Boyce, VA.
Oligonucleotide drugs (ONs) have attributes of small molecule pharmaceutical and large molecule biopharmaceuticals. As such, both
sets of guidelines are considered. The approach to DART testing takes
into account both the potential effects of chemical structure as well
as the intended pharmacology of the ON. Standard reproductive toxicity species can often be used because most ON toxicity is related to
chemical structure. Animal-active surrogates can also be useful to assess
potential reproductive effects related to pharmacology in addition to
effects related to the chemical back- bone. The choice of the relevant
animal model, the dosing regimen, and whether to use the clinical candidate or an animal surrogate, all need to be considered carefully based
on the specific product attributes of the ON. Information from general
toxicity studies and previous experience with similar ONs can also help
to inform these decisions. Dosing regimens are tailored to ensure adequate exposure throughout the period of organogenesis without compromising the ability to assess PD- and PK-related effects. This talk will
discuss how the above points are considered and applied to ONs.
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2359 Thinking Beyond DART Studies for Risk
Assessment of Biotherapeutics

P. Del Valle. US FDA/CDER, Silver Spring, MD.
This presentation will discuss ICH regulatory guidances S9, S6(R1) and
M3(R2) relevant to nonclinical reproductive and developmental toxicity
studies needed for safety assessments of biotherapeutics. Weight of evidence accumulated during repeat-dose toxicology studies, comparative
PK assessments in animals and humans, mode of action, and species
specificity among other considerations should be incorporated when
proposing alternative designs for DART studies with biotherapeutics,
or in the generation of product-specific assessment based on the use
of appropriate literature of reproductive and developmental toxicity
potential. The ultimate goal of DART studies should be the generation
of useful data for labeling purposes to communicate human risk. Case
studies describing innovative designs proposed in regulatory submissions will illustrate the regulatory challenges for safety testing, including
the use of alternate species and dosing schedules, as well as legal limitations with the use of a literature approach alone.

2360 Circulatory Mechanisms Underlying the Systemic
Effects of Inhaled Nanoparticles and Complex
Combustion Mixtures: Common Pathways for
Diverse Toxicants

M. Campen. University of New Mexico, Albuquerque, NM.
Numerous studies highlight that inhaled agents may cause systemic
health effects, including cardiovascular, neural, and renal diseases, yet
the mechanisms underlying this relationship remain uncertain and
highly contentious. Most inhaled xenobiotics are confined to the lung.
Inhaled gases are metabolized and particulates are largely removed to
the gut by mucociliary action, with only trace concentrations attaining
extrapulmonary compartments; however, systemic pathophysiological
outcomes of inhaled pollutants are routinely reported. Recent findings
show that pulmonary toxicity can cause production and release of novel
biomolecules into the blood, with downstream implications for vascular
cell activation and extrapulmonary inflammation. Progress in this area
provides not only knowledge with which to protect public health from

environmental and occupational hazards, but also informs the basis of
comorbidities in complex inflammatory clinical conditions, such as metabolic syndrome and cardiorenal disease. This workshop will highlight
the latest evidence for lipid, protein, and metabolite modification in
response to a diverse array of inhaled agents and the transduced effect,
such modifications on the vasculature, brain, and other major organ
systems.

2361 Evidence for Mechanistic Specificity Driving
Pulmonary Particulate Exposure-Induced
Cardiovascular Dysfunction

A. Erdely. NIOSH, Morgantown, WV.
Adverse cardiovascular effects following a pulmonary particulate exposure are well documented. Exposure to incidental and engineered nanosized materials can alter vascular responsiveness and cause morphologic changes. While particle translocation and neurogenic effects are
proposed, recent experimental evidence suggests an alteration in circulating mediators as the predominant mechanism. These studies demonstrate that localized pulmonary responses are often distinct from systemic toxicity. For example, vascular function was unchanged following
a nanosilver exposure despite lung injury, increased inflammatory cell
influx, and induction of inflammatory genes. Conversely, an incidental
nanoparticle exposure to resistance spot welding particles induced
marked vascular dysfunction with no alterations in general lung toxicity
or inflammation. Following a 10 d ultrafine metal-rich particulate inhalation exposure, molecular signaling induced at the site of exposure was
reflected systemically in the circulating leukocytes as well as cardiovascular tissues. The responses predicted cardiac mitochondrial dysfunction and compensation that were confirmed by functional studies. The
systemic effects resolved following cessation of exposure despite sustained and, in some cases, increasing lung injury and inflammation one
month later. Serum from mice exposed to multi-walled carbon nanotubes (MWCNT) attenuated vascular dilation, decreased nitric oxide
production, and induced cellular inflammation. Unlike the pulmonary
response, these effects were independent of dose. In contrast to serum
of wild-type mice, maximal vascular dilation was achieved with serum
collected from MWCNT-exposed MMP9-/- mice. While maximal dilation was restored, lung inflammatory markers were similar to wild-type
exposed mice despite predictions that MMP9 would be a primary driver
of pulmonary responses to MWCNT. These results indicate that altered
circulating factors contributing to vascular dysfunction had mechanistic
specificity. In summary, cardiovascular effects following a pulmonary
exposure do not necessarily correlate with general measures of pulmonary toxicity and inflammation and were not always dose-dependent.
In addition, specific molecular mechanisms induced by an exposure can
drive cardiovascular dysfunction via altered circulating mediators.

2362 Nanomaterial Inhalation-Induced Serum

Biomarkers Associated with Extrapulmonary
Microvascular Dysfunction

T. Nurkiewicz. West Virginia University, Morgantown, WV.
The mechanism(s) through which engineered nanomaterial (ENM) inhalation disrupts normal extrapulmonary cardiovascular function remains
to be fully defined. One of the better studied links that mediates exposure and effect is inflammatory mediator activation. We have reported
that ENM inhalation (nano-titanium dioxide, count mode aerodynamic
diameter <150 nm, 5-10 mg/m3, 4-5 hrs) leads to focalized alveolitis,
in a dose-dependent manner (pulmonary deposition 10-150 μg), and
this initiates a series of plasma-borne mediators that ultimately activate
systemic neutrophils and stimulate their adhesion and rolling. One of
the revealing characteristics of this interaction is the generation of reactive species in the microvascular wall. We have documented oxidative
and nitrosative stress with fluorescent biomarkers, and functionally with
various vascular antagonists. The impact of ENM exposure exists in both
arterioles and venules, and inter-vessel signaling is typically disrupted.
The principal consequence of this disruption is an inability to match
capillary inflow and outflow. Physiologically, this alters mechanotransduction and volume blood flow, which in turn compromise the ability to
maintain cardiovascular homeostasis. The impact of these microvascular
toxicities will be discussed from a cardiovascular health perspective.

2363 Discriminatory Circulating Peptides from

Different Inhalation Exposures–Biomarker and
Cerebrovascular Implications

A. Ottens. Virginia Commonwealth University, Richmond, VA.
Mechanisms underlying the diversity of systemic health impacts following different inhalation exposures may, in part, relate to a complex
make-up of inducible peptides released into circulation. With developed
mass spectrometric methods, we have revealed an induced sero-peptidome following pulmonary exposure. Distinct signatures are revealed
in response to carbon nanomaterials, ozone, and secondhand smoke
exposures, with both dose-dependent and -independent responses. The
diversity in sero-peptidome response offered advantages for biomarker
model development, providing the ability to build selective models
based on the nature of exposure. Studies also show altered cerebrovascular permeability based on the inhalation exposure and the translocation of induced peptides into the central nervous system. Furthermore,
behavioral deficits in juvenile animals exposed to secondhand smoke
were correlated with inhalation-induced peptides. Novel software being
developed in our laboratory provides improved sero-peptidome characterization and reflects an associated with an immune/inflammatory
response. Thews findings provide novel perspectives on the origins of
systemic toxicity arising indirectly from pulmonary exposures to inhaled
particulates.

circulation. However, vasomotor dysfunction and progression of atherosclerosis occur at doses that are not associated with pulmonary and
systemic inflammation in animals. Likewise, there is only a very modest
increase in systemic inflammation markers in humans who have been
exposed to air pollution particles. A new line of research has developed
the notion of serum bioactivity, i.e. the presence of mediators in serum
that causes vascular effects. We assessed plasma bioactivity in apolipoprotein E knockout (ApoE -/-) mice that were exposed once a week for
10 weeks to 0, 8.53 or 25.6 µg nanosized carbon black alone or spiked
with lipopolysaccharide (0.2 µg/mouse/exposure). The exposure caused
pulmonary inflammation, whereas the glutathione status was unaltered
in lung tissue. There was no convincing evidence of plaque progression in the aorta and the brachiocephalic artery. However, the plasma
of exposed ApoE-/- mice contained vasoactive mediators that mediated
vasoconstriction in aorta rings from naïve C57BL/6 mice. This effect
was abolished by treatment with the serotonin receptor antagonist
Ketanserin. The same effect was not observed in lipopolysaccharide-exposed mice, indicating that pulmonary inflammation was not the main
driver of plasma bioreactive mediators. This observation corroborates
with earlier findings of vasomotor dysfunction in aorta of ApoE-/- mice
after exposure to carbon black. In humans, such an increased tendency
of vasoconstriction in blood vessels with atheromas may be reduce
blood flow, leading to ischemic episodes and symptoms of heart failure.

2366 Increasing the Utility and Acceptance of
Diesel Exhaust Inhalation: A Driver of Latent
Impairment in Left Ventricular Pressure in the
Heart?

A. K. Farraj. US EPA, Research Triangle Park, NC.
Adverse cardiovascular effects of air pollution are often associated with
increases in systemic proinflammatory mediators, although causative
linkage between circulating factors and deleterious outcomes following
exposure remains elusive. The purpose of this study was to examine
the plausibility of serum-bound factors as initiators of an air pollution-induced pathologic sequelae that begins with endothelial injury
and ultimately manifests as cardiac dysfunction. We hypothesized that
serum taken from diesel exhaust (DE)-exposed rats that develop cardiac
dysfunction would alter aortic endothelial function in vitro. To assess
cardiac function in vivo, left ventricular pressure (LVP) assessments were
conducted in rats one day after a single 4-hour whole body exposure
to 150 or 500 μg/m3 DE or filtered air. To assess impacts of serum in
vitro, rat aortic endothelial cells (RAEC) were exposed to diluted serum
(10%) collected 1-hour after exposure from a separate cohort of similarly exposed rats for measures of VCAM-1, cell viability, nitric oxide
synthase (NOS) levels, and mRNA expression of key mediators of inflammation. Exposure of rats to 150 or 500 μg/m3 DE increased heart rate
(HR) after exposure relative to rats exposed to filtered air, suggesting
a shift towards increased sympathetic tone. LVP and HR in DE-exposed
rats (500 μg/m3 DE) failed to recover to normal levels after challenge
with the sympathomimetic dobutamine, suggesting dysregulation of
mean arterial pressure, a response consistent with impaired post-exercise recovery of cardiac function in humans exposed to air pollution.
Serum from DE-exposed rats caused a decrease in NOS activity (150, 500
μg/m3 DE) and cell viability (500 μg/m3 DE), and an increase in VCAM-1
(500 μg/m3 DE) in RAECs relative to cells treated with serum from rats
exposed to filtered air. Thus, cardiac responses after DE exposure may
stem from a shift in autonomic balance and/or endothelial dysfunction
that may in part be triggered by exposure-induced increases in circulating proinflammatory mediators. Proteomic and lipid assessments
in rat sera are currently being conducted to confirm the presence of a
proinflammatory milieu and to identify potential causative factors (this
work is supported in part by NIH R01 ES019311 and K99 ES024392; this
abstract does not reflect EPA policy).

2365 Vascular Effects after Exposure to Particles:
Systematic Literature Review and Plasma
Bioactivity in Carbon Black-Exposed ApoE
Knockout Mice

P. Moller. University of Copenhagen, Copenhagen K, , Denmark.
Pulmonary exposure to combustion-derived particulate matter (PM)
and certain nanomaterials is hazardous to the vascular system in experimental animals. A systematic review of the literature shows airway
exposure to air pollution particles and nanomaterials is associated with
similar effect size on atherosclerosis progression, augmented vasoconstriction, and blunted vasorelaxation responses in arteries. These effects
have typically been attributed to either translocation of particles or
spill-over of inflammatory or oxidation products from the lungs to the

Chemical Specific Adjustment Factors—
International Experience

B. Meek. University of Ottawa, Ottawa, ON, Canada.
The application of chemical-specific toxicokinetic (TK) or toxicodynamic
(TD) data to address interspecies differences and human variability
in the quantification of hazard has potential to reduce uncertainty
and better characterize variability compared to the use of traditional
default uncertainty factors. This workshop will summarize the state of
the science since the introduction of the WHO/IPCS guidance on chemical-specific adjustment factors (CSAF) in 2005, including the impact
of more recent guidance, such as the IPCS guidance on physiologically-based pharmacokinetic modeling (PBPK), and the US EPA guidance
on data-derived extrapolation factors. The session also illustrates how
CSAF principles complement ongoing research initiatives to develop
more innovative testing and assessment strategies based on additionally evolving frameworks to consider Adverse Outcome Pathways/mode
of action and combined exposures. A summary of lessons learned from
an analysis of approximately 100 case studies identified in the literature
and information provided by regulatory agencies globally illustrates
the nature of evolution of CSAF in regulatory application. It also identifies associated challenges, including adequacy of supporting data and
assessments in which CSAF were considered but not adopted. Based on
this analysis, recommendations for relevant interdisciplinary research
and engagement are included. The session ends with a panel discussion
on enhancing uptake of CSAF in chemical risk assessment, including an
opportunity for the audience to discuss principal aspects with representatives from key stakeholder groups. Researchers, biological modelers,
and risk assessors interested in increasing their knowledge concerning
the application of relevant toxicological data to reduce uncertainty
associated with interspecies differences or human variability will find
this session of interest. The content of the session also is relevant to regulators interested in expanding their knowledge of the scope of application and nature of supporting data considered most valuable in the
development of CSAF over the last couple of decades.

2367 Analysis of International Experience on CSAFs
and Potential Path Forward

B. Meek. University of Ottawa, Ottawa, ON, Canada.
Chemical Specific Adjustment Factors (CSAF) offer opportunity to apply
information on toxicokinetics and dose-response relationships for early
key events in Adverse Outcome Pathways (AOPs) to dose-response
characterization in chemical specific mode of action analysis. However,
recent analysis of case studies released since the introduction of the
IPCS Guidance on CSAF indicates that while there has been progress
in incorporating toxicokinetic data in the development of CSAF, there
are very few examples of the application of data on early toxicodynamic key events generated in, for example, in vitro studies. Analysis
also indicates that while there have been a number of proposals for
(particularly) toxicodynamic adjustments based on chemical-specific
data from the research community, uptake in regulatory context has
been rather limited. The limited extent of this progress is considered, in
the context of potential limitations of the original guidance and more
recent international experience in the documentation and assessment
of AOPs and PBPK models, by collaborating teams of the research and
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regulatory communities. Recommendations to facilitate practical application and regulatory acceptance include clarifying terminology to
better distinguish chemical-specific, compound-related, and categorical
approaches, and developing more explicit templates for description of
the basis for development of CSAF. This includes delineation of the adequacy of the supporting data based on considerations outlined in the
Guidance, limitations, and critical data gaps, and explicit comparison
of associated uncertainties with alternative approaches such as default.

2368 Data-Derived Extrapolation Factors, Modes of
Action, and Target Tissues

J. Lipscomb. US EPA, Cincinnati, OH.
CSAF are based on quantitative chemical-specific or compound-related
data on toxicokinetics and/or dynamics. As such, they require more data
than less chemical-specific or compound-related approaches in the continuum of certainty between default values, empirically informed (often
categorical) approaches, and biologically-based dose-response models.
While the principles are consistent, the scope of EPA’s 2014 Guidance
document on Data Derived Extrapolation Factors (DDEF) is broader
than that of CSAF, addressing the entire continuum of approaches to
identify, evaluate, and apply quantitative data (or model predictions)
to replace default values for uncertainty factors. Consistent with the
EPA’s default inhalation dosimetric adjustment approach based on ventilation volume and surface area of the affected respiratory tract region,
DDEF values have been designed to maintain the focus on target tissue
concentrations as the transition point between toxicokinetics and toxicodynamics (whereas the kinetic/dynamic split for CSAF is based on
circulating concentrations of active compound). Contents of the 2014
Guidance complementary and additional to that for CSAF are addressed,
including evaluations of information for chemicals including boron, ethylene glyocol monobutyl ether, and vinyl chloride.

2369 Harmonization of Chemical-Specific Adjustment
Factors (CSAFs) with Other Recent Research
Efforts–Adverse Outcome Pathways (AOP) and
Mode-of-Action (MOA) Frameworks
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CSAF principles and underlying research complement several new and
ongoing international research initiatives that aim to increase mechanistic knowledge and human relevance using newer technologies and
tools that also enable increased efficiency in chemical risk assessment
and drug development. Knowledge of the molecular initiating event,
other key events, and key event relationships in an AOP/MOA can be
invaluable in deriving CSAF in a number of ways. This presentation will
include examples of chemicals with adopted or proposed CSAF that
have AOPs accepted, or under development, illustrating the value of
appropriate dosimetric, MOA, and associated key event information.
Examples include identification of the appropriate toxic moiety (e.g.
arsenic) and dose metric, such as Cmax (e.g.PFOA) or AUC (e.g. inhibition of AChE by N-methylcarbamates); determining inter-species and
inter-individual variability in toxicokinetics (e.g. cadmium) or and toxicodynamics (e.g. hepatoxicity of chloroform); and development of
mechanistically-relevant biomarkers for inter-species or inter-individual
comparison (e.g. troponin). These efforts support recent advancements
using in vitro to in vivo extrapolation approaches to relate target tissue
and internal dosimetry to external human exposures. Such knowledge
may come from emerging in vitro, computational, and physiologically-based pharmacokinetic (PBPK) models. Linkage of method development with established AOPs will ensure the relevance of the information
obtained and hence its utility for development of derivation of CSAF,
where it is not feasible or practical to develop fully-parameterized quantitative biodynamic models.

2370 Analysis of the Value and Challenges to Deriving
Chemical-Specific Adjustment Factors (CSAF)
and Other Data-Derived Factors in Quantitative
Risk Assessment

V. Bhat. NSF International, Ann Arbor, MI.
Some common themes emerged when a World Health Organization
Chemical Risk Assessment Network working group compiled and analyzed case studies for chemical-specific adjustment factors (CSAF) that
have either been adopted for regulatory application, proposed but not
adopted, or conceptually investigated over the past couple of decades.
The analysis indicated the value of identifying or developing appropriate
toxicokinetic (TK) and toxicodynamic (TD) data to address interspecies

differences and human variability, and thereby reduce associated extrapolation uncertainty. However, critical aspects were identified that hinder
the application or development of CSAF in regulatory or investigational
settings. For example, adequate or appropriate underlying TK data (e.g.,
1,3-butadiene or methylmercury) or mode of action information (e.g.,
sulfoxaflor) were lacking and/or there were insufficient data to verify
PBPK models (e.g., bromate) used for chemical-specific interspecies
adjustments. The general lack of TD data resulted in very few CSAF identified for TD subfactors. Differing opinions on the adequacy of available
TK data also hindered CSAF utility for different regulatory agencies evaluating the same chemical (e.g., boron in non-Caucasian demographics),
and particularly when problem formulations differed (e.g., chloroform).
Another common theme for many CSAF proposed for human variability
was the lack of specification of the most relevant internal dose metric,
critical effect, mode of action, or essentially, how the proposed CSAF
relates to the key studies that might serve as the basis of hazard evaluation. In many instances, adequate details regarding the underlying data
used to derive the CSAF were not transparent and either could not be
ascertained or only determined by reviewing primary literature, thereby
demonstrating inconsistency in CSAF reporting formats and documentation. Also encountered were misperceptions regarding terminology
and the degree of confidence versus conservatism when developing a
CSAF compared to adopting the default approach. These observations
have implications for the continuing evolution of CSAF development,
guidance, and associated documentation.

2371 Measurement and Prediction of Chemicals in
Consumer Products

J. Wambaugh. US EPA, Research Triangle Park, NC.
In many cases, no exposure data are available for placing possible chemical hazard within a relevant human exposure context. The aim of this
workshop is to bring experts from industry, academia, and government
together to discuss existing and emerging methods for characterizing
chemicals in various categories of consumer products (e.g., cosmetics,
cleaning products, building materials, and food contact materials). The
presence of chemicals in such “near field” sources has been shown to
be a key driver of high exposure levels in Centers for Disease Control
(CDC) National Health and Nutrition Survey (NHANES) biomonitoring
data. Information on chemical constituents of products, while only a
prerequisite, provides heuristics for estimating human exposure. New
high-throughput measurement strategies that combine high-resolution mass spectrometry with chemo-informatics data could enable
rapid forensic analysis of chemicals present in these products. In addition, government requirements for product testing and new industry
initiatives are providing additional inventories of chemicals present in
products due to either intentional inclusion or contamination. These
new data sources, in concert with data-driven or mechanistic modeling
approaches, can elucidate potential human exposures to thousands of
commercial chemicals and reduce uncertainty in modeling approaches.
For example, new models have been developed to predict from chemical structure the probable functional roles in products where that
information is unavailable. The new data can also provide methods
to address specific case studies on chemicals in imported products or
products manufactured from recycled materials. Although thousands of
chemicals have undergone high-throughput screening for bioactivity as
a surrogate for hazard, corollary approaches for estimating exposure are
sorely needed to understand potential risks. The first talk in this session
will briefly summarize the current state of the field, including the integration and linkage of exposure information with toxicological information in support of risk-based chemical evaluation, and the current need
for new information on consumer products. This presenter will then
describe new data sources for identifying markers of potential chemical
exposure. The next three presentations will address interpreting these
and other data in terms of real world human exposures, respectively,
from the academic, industry, and regulatory points of view. The final
presenter, from the Consumer Product Safety Commission, will address
the use of exposure information in consumer product risk assessment
and the need to address emerging consumer technologies. Speakers
will discuss objectives, approaches, technologies, knowledge gaps, and
suggestions for future research; a panel discussion will follow the concluding presentation. This workshop will be of high interest to a broad
audience interested in the assessment of the safety of both individual
chemicals and mixtures that result from consumer product exposures.
Presenters will consider: What is the potential for new rapid forensic
measurement techniques for characterizing substances in consumer
products (formulations, articles, building materials, food contact materials)? How can modeling approaches that consider chemical structure
and/or chemical use information add value to rapid forensic measurement data? How should consumer product chemicals be categorized
in terms of their use or properties for informing read-across in terms of
exposure pathways and sources? What efforts exist or are being initiated to manage, inventory, or quantify chemicals used in products from
manufacturing source through supply chain to finished product? How
can consumer product chemical inventories (both ingredients and con-

2372 Consumer Product Data from the US EPA’s
Exposure Forecasting (ExpoCast) Project

Wambaugh2,

J.
A. Yau1, K. Phillips2, K. Favela1, K. Isaacs2, and R.
2
1
Thomas . Southwest Research Institute, San Antonio, TX; and 2US
EPA, Research Triangle Park, NC.
Estimating risk from chemicals requires understanding both hazard and
exposure. However, relatively few chemicals have estimates of exposure intake, hampering risk estimations for thousands of chemicals.
The United States Environmental Protection Agency (EPA) Exposure
Forecasting (ExpoCast) project aims to provide rapid, provisional exposure predictions for commercially used chemicals. These exposure
predictions can be integrated with bioactivity data from EPA’s Toxicity
Forecaster (ToxCast) program to develop risk-based metrics for prioritizing chemicals for further screening or testing. Under ExpoCast, novel
high-throughput measurement data are being collected to support
exposure prediction development. The pilot phase of this effort focused
on four activities: 1) HT physicochemical property measurements; 2)
additional biomonitoring data; 3) chemical emissivity data for articles
of commerce; and 4) chemical deformulation of consumer products and
articles of commerce. For example, a selection of consumer products
(e.g., sunscreen, lotion, air freshener) and articles (e.g., shower curtains,
carpet padding, toys) found in the home was screened using 2D gas
chromatography (GC x GC) time of flight mass spectrometry. A total of
3803 chemical signatures were obtained across these 100 samples; 1605
chemical signatures were tentatively identified using the 2007 National
Institute of Standards and Technology (NIST) Mass Spectral Database,
while 81 of these identifications could be confirmed with available standards. Of the tentatively confirmed chemicals, only 184 had previously
been known to have potential proximate or “near field” sources of exposure. Chemical presence in an object does not necessarily mean that it
is bioavailable or that exposure occurs, but can be useful for flagging
potential novel chemical exposures, pathways, and sources. Screening
level exposure estimates, when coupled with high-throughput bioactivity data, could inform risk-based prioritization of thousands of chemicals. This abstract does not necessarily reflect US EPA policy.

2373 Integrated Model Framework for Assessing
Exposure to Consumer Products

D. Bennett. University of California, Davis, Davis, CA. Sponsor: J.
Wambaugh.
Exposures occur both from direct use of a consumer product, and from
contact with contaminated media following fate and transport of the
chemical in the environment. Our modeling framework allows for us
to consider and quantify both exposure scenarios. These models can
then be merged with non-targeted, forensic field sampling to assess
semi-volatile organic compound (SVOC) concentrations, emissions,
and exposure for chemicals in consumer products. The environment in
which the chemical may exist in this framework is broadly conceived,
considering the indoor environment, wastewater treatment, and a
multimedia outdoor environment. Sources can include presence in
imported products or in products manufactured from recycled materials. The integrated modeling approach allows risk-based identification
of chemicals for potential health concerns or for which additional information is needed. For chemicals with known hazard, estimated intake
rates are compared with doses of concern. For other chemicals, human
equivalent doses (mg/kg/day) are calculated from Tox21, ToxCast, or
other in vitro bioactivity assays using in vitro-to-in vivo extrapolation and
reverse dosimetry. Estimates of exposure are important inputs for decision makers to identify chemicals of concern for further evaluation with
additional information or more refined models.

2374 Aggregate Exposure Assessment for the Safety
Evaluation of Fragrance Materials

C. O’Mahony. Creme Global, Dublin, Ireland. Sponsor: J.
Wambaugh.
The safety evaluation of fragrance ingredients presents a number of
unique challenges. Currently, there are over 2,100 chemically defined
fragrance ingredients in commerce. Fragrances are present in consumer
products at varying concentrations, the exact details of which are proprietary, and the products themselves are used in varying combinations and amounts by consumers resulting in exposure via the dermal,
oral, and inhalation routes. In order to assess potential human health
risks resulting from the presence of fragrances in consumer products,
robust methods are required to produce refined estimates of consumer
exposure. An aggregate exposure model and supporting software
have been developed in partnership with the Research Institute for
Fragrance Materials (RIFM). The model is based on data sourced from
market surveys, industry surveys, and the scientific literature, which are
combined in a probabilistic model to estimate aggregate exposure to
fragrances in European and US populations. The model is used by RIFM
and industry to determine the safety of fragrance materials in personal
care products and cosmetics. The model is combined with distributions of fragrance concentrations in consumer products as reported by
industry for their routine safety evaluation, and by linking to Threshold
of Toxicological Concern (TTC), data has been used to dramatically
reduce the number of animal tests that could potentially be required.
The approach demonstrates what can be achieved via the sharing and
anonymization of both industry and publicly available data used in
conjunction with a high-tier exposure model, ensuring chemical safety
without animal testing.

2375 Prediction of Chemical Function: Model
Development and Application

K. Isaacs, J. Wambaugh, K. Dionisio, C. Grulke, and K. Phillips. US
EPA, Research Triangle Park, NC. Sponsor: J. Wambaugh.
The United States Environmental Protection Agency’s Exposure
Forecaster (ExpoCast) project is developing both statistical and mechanism-based computational models for predicting exposures to thousands of chemicals, including those in consumer products. The highthroughput (HT) screening level exposures developed under ExpoCast
can be combined with HT screening (HTS) bioactivity data for the riskbased prioritization of chemicals for further evaluation. The functional
role (e.g. solvent, plasticizer, fragrance) that a chemical performs can
drive both the types of products in which it is found and the concentration in which it is present, thereby impacting exposure potential.
However, critical chemical use information (including functional role)
is lacking for the majority of commercial chemicals for which exposure
estimates are needed. A suite of machine-learning based models for
classifying chemicals in terms of their likely functional roles in products based on structure were developed. This effort required collection, curation, and harmonization of publicly-available data sources
of chemical function information from government and industry
bodies. Physicochemical and structural descriptor data were generated for chemicals with function data. Machine-learning classifier
models for function were then built in a cross-validated manner from
the descriptor/function data using the method of random forests. The
models were applied to: 1) predict chemical functions for 10,196 chemicals (including the Tox21 library), with limited or non-existent exposure
data, allowing for the parameterization of EPA’s HT Stochastic Human
Exposure and Dose Simulation (SHEDS-HT) model for a subset of 500
chemicals known to be present in consumer products; 2) screen a library
of nearly 6,400 chemicals with available structure information and HTS
data for potential functional substitutes; and 3) characterize the function of over 1,400 chemicals tentatively identified via HT non-targeted
analyses of consumer product formulations and other articles of commerce. These models improve the high-throughput (HT) characterization of the function, use, and exposure potential of reported or measured chemicals in consumer products. This abstract does not necessarily
reflect US EPA policy.
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taminants) inform aggregate or cumulative exposure-based risk assessments? Ultimately, how can improved exposure estimates for chemicals
in consumer products be integrated with different types of toxicological
information to support frameworks for risk-based chemical evaluation
and decision-making?

2376 US Consumer Product Safety Commission

Approaches to Estimating Chemical Exposures
from Consumer Products

T. Thomas. US Consumer Product Safety Commission, Bethesda,
MD.
US Consumer Product Safety Commission (CPSC) is responsible for regulating thousands of consumer products used in homes and schools that
contain a wide range of chemicals. The general approaches for understanding the risks associated with chemical exposures from products
are outlined in the CPSC Chronic Hazard Guidelines. The guidelines have
been used to develop a range of exposure and risk assessments that
address many consumer products, including recent examples such as
drywall, wood products, children’s products, and products containing
nanomaterials. These products may be manufactured domestically, and
may be composed of recycled and/or novel materials. The CPSC staff
is also exploring new approaches for identifying and prioritizing the
potential implications of emerging technologies such as wearable technology, 3D printing and nano-enabled products.

particle exposure showed that at 1 wk after exposure, the time point
coinciding with bacterial inoculation in the current study, DEP and SIL
in combination increased lung injury and inflammation as compared
to DEP only or vehicle control. For the 233 μg SIL and all combination
groups, lung injury, neutrophils and lymphocytes were increased in
the lung as compared to PBS, 50 or 233 μg DEP, or 233 μg CB groups.
Clearance of bacteria from the lung of rats exposed to the 233 μg
DEP/233 μg SIL combination group showed a trend for increased bacterial clearance at 1 d.p.i., with increased clearance at 3 d.p.i when compared to PBS, 50 or 233 μg DEP, and 50 μg DEP/ 233 μg DEP SIL groups.
When comparing the 233 μg CB/ 233 μg SIL combination group with the
233 μg DEP/233 μg SIL combination group, there were no differences
in bacterial clearance or parameters of injury, inflammation, or immune
response. The data suggest that the high particle doses in combination
enhanced the innate immune response to infection, and that effects on
host defense following acute exposure to a combination of DEP and SIL
particles were more likely related to particle load than composition of
DEP at the doses and time points examined.

2379 An Alternative Approach for Evaluating the
2377 Determining a No Effect Level for Selection of

a Point of Departure for Risk Assessment of an
Irritant Aerosol Using a 3D In Vitro Assay

A. J. Charlton1, B. Parr-Dobrzanski1, P. M. Hinderliter2, and D. C.
Wolf2. 1Syngenta Crop Protection, Bracknell, United Kingdom; and
2Syngenta Crop Protection, Greensboro, NC.
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Use of new technologies is essential to address increasingly complex risk
and hazard characterization. The 3D in vitro model of the human respiratory tract is a new tool for assessment of aerosol toxicity potential and
accurate endpoint selection. MucilAir is an in vitro model of the human
airway epithelium and provides a structurally and functionally accurate
representation of the respiratory tract. When used in conjunction with
computational fluid dynamics (CFD) model derived estimates of respiratory surface concentrations it can accurately predict the outcome of
repeat dose inhalation exposure for human risk assessment. Inhalation
of chlorothalonil, a fungicide, causes respiratory tract irritation and
associated lesions in acute and repeat dose inhalation studies in rats. As
irritant responses to inhaled chlorothalonil occur locally in the respiratory tract the toxicity of chlorothalonil is particularly amenable to modeling in vitro. Five sets of MucilAir tissues, each derived from a different
human donor, were exposed to a commercially available chlorothalonil
formulation for 24 hrs. Irritancy endpoints (trans-epithelial electrical
resistance, lactate dehydrogenase release and resazurin metabolism)
were assessed. Results indicated a good concordance of response across
endpoints and that a high concentration of chlorothalonil was required
to induce a significant irritant response irrespective of donor. To derive
points of departure for risk assessment, benchmark dose (BMD) modelling of MucilAir data was conducted to calculate 10% deviation from
background (BMD10) and associated lower 95% confidence limit (BMDL)
values. BMDL values were typically in the 50 - 100 g/L range across
donors and endpoints. CFD modelling of tissue level concentrations
indicate that BMDL estimates significantly exceed probable tissue level
exposure concentrations in the human upper respiratory tract.

2378 Effects on Pulmonary Host Defense following

Acute Exposure to Diesel Emission Particulate
and Crystalline Silica in Combination

B. Y. Farris2,1,, M. Barger1, J. S. Fedan2,1,, B. T. Chen2,1,, D. SchweglerBerry1, S. Friend1, J. M. Antonini2,1,, and J. R. Roberts2,1,. 1CDC/
NIOSH, Morgantown, WV; and 2West Virginia University,
Morgantown, WV.
During hydraulic fracturing operations, workers are exposed to respirable crystalline silica (SIL; MIN-U-Sil®5) and diesel exhaust (DE), which,
when combined, may increase risk for adverse respiratory health effects.
The goal of this study was to investigate effects of acute pulmonary
co-exposures to SIL and DE particulate (DEP; NIST SRM 2975) in vivo on
host defense using a model of respiratory infection. Rats were exposed
by a single intratracheal instillation (IT) of phosphate-buffered saline
(PBS) as vehicle or one of the following doses of particles: 50 μg DEP, 233
μg SIL, 233 μg of carbon black (CB; Printex® 90), SIL and DEP combined
(50 μg DEP/233 μg SIL or 233 μg DEP/233 μg SIL), or 233 μg SIL/233 μg
CB combined (control for particle load). One week following particle
exposure, rats were inoculated IT with ~5x105 cfu L. monocytogenes. At
1, 3, 5, 7 and 14 days post-infection (d.p.i.), bronchoalveolar lavage fluid
(BALF) and cells were collected to assess pulmonary injury, inflammation, and immune response. Left lung was harvested and cultured to
determine bacterial clearance. A previous study of acute SIL and DEP

Human Health Risk from Exposure to an Irritant
Aerosol

P. M. Hinderliter3, R. Corley1, S. Kabilan1, A. Kuprat1, S. Suffield1,
S. Flack3, T. Ramanarayanan3, A. J. Charlton2, B. Parr-Dobrzanski2,
and D. C. Wolf3. 1Pacific Northwest National Laboratory, Richland,
WA; 2Syngenta Crop Protection, Bracknell, United Kingdom; and
3Syngenta Crop Protection, Greensboro, NC.
Modernizing strategies for evaluating human health risk from pesticide
exposure requires new approaches that increase our ability for an integrated evaluation of exposure and hazard. Accurate and relevant risk
evaluation based on actual inhalation exposure scenarios and target
site-specific respiratory surface concentrations is one such strategy to
describe human health risks. Exposure data that includes measured
aerosol characteristics of non-volatile pesticide formulations provides
an improved input to exposure models. To improve target site-specific
dosimetry, previously developed computational fluid dynamics (CFD)
models for the rat and human were used to calculate surface concentrations of deposited aerosol formulations in discrete regions of the respiratory tract using a Lagrangian (stochastic) aerosol transport approach
coupled with the CFD airflow model under realistic exposure conditions.
By incorporating the physical/chemical properties of the formulation,
the resulting CFD model predictions of airway deposition are transferable to multiple pesticide compositions or active ingredients for formulations with similar properties. For formulations that typically produce
aerosols >10 μm mass median aerodynamic diameter (MMAD), the
majority of human respiratory tissue exposures are to the anterior nasal
cavity including the vestibule, which alone accounts for 69, 86, and 97%
of total deposition of inhalable aerosols at 15, 20, and 30 µm MMAD,
respectively. Resulting surface concentrations of active ingredients (formulation-specific) at these aerosol sizes can vary widely, ranging from
ng/cm2 in areas of greatest deposition in the nose to pg/cm2 or less in
the larynx with very little aerosol penetration to the lung. We used the
calculated surface concentrations of active ingredients in high deposition areas as a dose metric to directly compare with similar target tissue
deposited doses in animal bioassays as well as applied doses from in
vitro studies using primary human respiratory epithelial cells grown in
3D cultures. Both methods provide points of departure (POD) for benchmark dose (BMD) modeling of the response and human equivalent
exposure concentrations for establishing exposure.

2380 Effects of Acute Inhalation of Crude Oil Vapor on
Pulmonary Function

J. A. Thompson, K. R. A. Russ, W. G. McKinney, M. C. Jackson, B. F.
Law, and J. S. Fedan. NIOSH, Morgantown, WV. Sponsor: K. Russ.
Workers in the oil and gas industry are routinely exposed to hydrocarbon vapors and volatile organic compounds (VOCs). Exposures occur
while oil workers open the “thief hatch” of oil tanks during manual
measurement or removal of crude oil samples. The effects of crude oil
vapor (COV) inhalation upon the pulmonary system are unknown, and
several aspects of its possible effects on the lungs were investigated
in this study. Rats were placed in whole body chambers and exposed
to a single 6 h inhalation exposure of 300 ppm total VOCs produced
from Deep Water Horizon surrogate crude oil at a temperature of 75°
F. Control animals were exposed to air and endpoints were measured
at 18 h and 28 d post-exposure. Total VOCs, benzene, toluene, ethylbenzene and xylene concentrations were monitored and regulated
during inhalation exposures to maintain COV concentration constancy.
In anesthetized rats, vapor had no effect upon basal lung resistance (RL),
basal dynamic compliance (Cdyn) or reactivity to inhaled methacholine

2381 Silica Inhalation-Altered Expression of Telomere
Maintenance Genes in Lung Tissue of Rats

J. M. Antonini, P. Joseph, V. Kodali, C. Umbright, J. R. Roberts, A.
Erdely, and M. Shoeb. NIOSH, Morgantown, WV.
Occupational exposure to silica causes severe health effects, such as pulmonary fibrosis and lung carcinoma. Identification of molecular targets
and mechanisms of silica-induced pulmonary toxicity is important
for intervention and prevention of lung disease. Telomeres consist
of tandem repeats of TTAGGG DNA sequences and are located at the
end of chromosomes, preventing chromosomal fusion and degradation. Telomeres shorten with cell division leading to genomic instability
and cellular senescence. Shelterin (e.g., POT1) and other proteins (e.g.,
TTI2, RTEL1) involved in telomere maintenance play an important role
in maintaining telomere length and integrity. The goal was to assess the
effect of silica exposure on the regulation of different genes involved in
telomere maintenance in an animal model. Male Fischer 344 rats were
exposed by inhalation to silica using two regimens: (1) 15 mg/m3 for
6 hr/d x 3, 6, and 12 wk, assessed 1 d post-exposure; (2) 15 mg/m3 for
6 hr/d x 1 wk, assessed 44 wk post-exposure. After exposure, portions
of right lungs were homogenized, total RNA was isolated, cDNA was
obtained, and expression of telomere maintenance genes was assessed.
At all time points post-exposure, mRNA expression of POT1, RTEL1, and
TTTI2 was significantly decreased in lung tissue of silica-exposed animals
compared to air controls. Reduced expression of these genes causes disruption of assembly of the telomere and induces DNA damage. Analysis
of a focused array for genes associated with telomere function and regulation indicated a reduced expression (p<0.01) of 49 genes after 3 wk
post-exposure. However, by 44 wk after a 1 wk exposure, 10 of these
genes were overexpressed, whereas 29 of these genes remained downregulated. Array findings indicated acute and subchronic effects on telomere-associated genes after silica exposure. This study indicates that
measurement of genes involved in telomere maintenance may serve
as a potential biomarker related to silica exposure and also may offer
insight into the mechanism of silica-induced lung disease and tumorigeneses.

2382 Quantification of Lung Injury with Phase

Contrast Analysis in a Rodent Model of Postnatal
Hyperoxia-Induced Pulmonary Dysplasia

L. Ooi, Q. Zhang, A. Ebrahimnejad, F. Paniagua, R. Sukhu, C.
Meschter, and D. Warren. Comparative Biosciences, Sunnyvale, CA.
Hyperoxia-induced lung injury is well characterized in neonatal rats;
hallmarked by alveolar wall fibrosis, alveolar space enlargement and
inflammation. The fibrotic and alveolar changes provide a model for
bronchopulmonary dysplasia in human neonates, smoke-inhalation
injury, and other conditions involving alveolar wall fibrosis. In non-clinical phases of pharmaceutical development, histopathology provides
a robust assessment of pulmonary changes following hyperoxia. To
supplement this, quantitative assessments of alveolar changes facilitate
evaluation of potential pharmaceutical therapies. Traditionally, Mean
Linear Intercept (MLI) measurements of lung sections are used to assess
alveolar airspace, by measuring linear distance between septal walls on a
structured grid. Such MLI measures are laborious (~30 min/section) and
do not portray the complexity of pulmonary changes following hyperoxia. We describe an improved method of quantitative alveolar assessment involving Phase Contrast Image Analysis (PCA) that is efficient
(~5 min/section), robust, and broadly captures the profile of alveolar
changes than MLI measurements. For induction, newborn pups were
exposed to 95% oxygen conditions for 10 days followed by normoxic air
for 14 days. Lungs were evaluated by histopathology and PCA. Induced
pulmonary changes are characterized by inflammation with multifocal
to diffuse distribution of lesions, fibrotic thickening of alveolar walls
(10-60 µm, normal 5-10 µm) and expansion of the alveolar diameter.

PCA assesses the area of alveolar airspace as percentage of total tissue
area: first, RGB images of lung sections are converted to binary images
using pixel thresholds to differentiate airspace and adjacent tissue. Pixel
areas are presented as % alveolar space and % septum respectively. In
hyperoxic lungs, alveolar space is significantly decreased (-7.4%) while
septum area is significantly increased (+8.0%) relative to normoxic controls, consistent with reported changes. Anti-inflammatory therapeutics
are under evaluation for demonstration of PCA as a primary endpoint.
PCA provides a robust and efficient quantitative measure of pulmonary
response dynamics with improved descriptions of alveolar landscapes.

2383 Persistent and Progressive Lung Injury Is Linked
to Recurring DNA Damage, Cellular Senescence,
and a Pro-Fibrotic Epithelial Response

T. Beach, C. Johnston, A. Groves, J. Williams, and J. Finkelstein.
University of Rochester, Rochester, NY.
Radiation induced lung injury (RILI) is a common outcome in patients
requiring radiation treatment for lung cancer. Approximately 43% of
patients receiving radiation treatment at a dose of 15 Gy or greater
will experience some type of RILI, either in the form of acute pneumonitis and/or late onset pulmonary fibrosis. Known effects of radiation
injury include DNA damage, inflammation, and a cellular senescence
among the exposed cell population, events associated with onset and
progression of fibrosis in lung tissue. Resident Club cells and Type 2
Alveolar Epithelial cells (AEC2) play an active role in tissue repair through
their ability to proliferate in response to injury. Therefore, we sought
to determine the role of pulmonary epithelia in the development and
progression of radiation induced pulmonary fibrosis (RIPF). We have
hypothesized that following radiation induced immediate and recurrent DNA damage, there is continuous cellular senescence, and both
a pro-fibrotic and inflammatory phenotype in the surviving epithelial
cells. Whole lung tissue and isolated pulmonary (CD326+) epithelia were
collected from fibrosis prone C57BL/6J female mice exposed to12.5Gy
thorax only γ-radiation and examined at 24 hrs, 1,4,12, and 32 weeks
post radiation treatment by RNA sequencing and histological analysis.
Following radiation exposure we observed a loss of both Club cells and
Type 2 epithelia. DNA damage as evidenced by γH2A.X foci was persistently increased in whole lung tissue compared to non-irradiated controls, and this data was further supported by an increased abundance
of DNA Damage Response (DDR) associated transcripts such as p53bp1
and xrcc1. Senescence associated β-galactosidase and transcripts
indicating cell cycle arrest such as cyclin dependent kinase inhibitors
Cdkn1a, and Cdkn2b were similarly upregulated in both whole lung
tissue and pulmonary epithelia following RT. Epithelial transcripts associated with mediating the immune/injury response appear to diminish
over time. In contrast growth factors Ctgf, Vegf, Fgf, and Pgdf are persistently increased in transcript abundance following radiation, and are
potentially important contributors of fibrosis. These initial results have
revealed ROS production and activity, as well as stimulation or suppression of immune responses as possible targets for mitigation of fibrotic
outcomes following radiation exposure.

2384 Effects of Inhaled Aerosolized Carfentanil on
Real-Time Physiological Responses in Mice

B. Wong, M. W. Perkins, J. Tressler, A. Rodriguez, J. Devorak, and A.
M. Sciuto. USAMRICD, Gunpowder, MD.
This study examined the real-time exposure-response effects of aerosolized carfentanil (CRF) on opioid-induced toxicity, respiratory dynamics,
and cardiac function in mice. Unrestrained, conscious male CD-1 mice
(25-30 g) were exposed to 0.4 or 4.0 mg/m3 of aerosolized CRF for 15 min
(Ct = 6 or 60 mg×min/m3) in a whole-body plethysmograph chamber,
in which minute volume (MV) was recorded in real-time. Various clinical observations of classical opioid-induced toxicity were recorded
during exposure and up to 24 hr post-exposure. Core body temperature (Tc), mean arterial blood pressure (MAP), and heart rate (HR) were
evaluated in telemeter-implanted animals exposed to CRF or sterile
H2O. Loss of consciousness and Straub tail were observed in < 1 min
following exposure initiation to 6 or 60 mg×min/m3 of CRF. Clinical signs
of opioid-induced toxicity were observed in a dose-dependent manner
during exposure and at 24 hr post-exposure to CRF. Exposure to 6 or
60 mg×min/m3 of CRF resulted in decreases in MV, MAP, HR, and Tc, as
compared to controls. Post-exposure administration of naloxone (NX,
0.05 mg/kg, i.m.) did not increase the MV of animals exposed to CRF to
control levels within 24 hr but decreased the intensity and total number
of clinical signs of opioid-induced toxicity as well as total time of respiratory depression. This is the first study to evaluate real-time respiratory
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(MCh). Transepithelial potential difference, short-circuit current and
transepithelial resistance were measured using tracheas mounted in
Ussing chambers and treated with the ion transport inhibitors amiloride
(Na+ channel blocker), NPPB (Cl- channel blocker) and ouabain (Na+,
K+ -pump blocker). There was no effect of COV treatment on basal or
inhibitor-mediated bioelectric responses, indicating that ion transport
and tight junction integrity in the airway epithelium were unaffected
by COV. In isolated, perfused tracheas COV had no effect on reactivity
to methacholine applied extraluminally or intraluminally indicating that
epithelial integrity was intact and airway smooth muscle contractility
was unchanged. Measurement of isometric contractions using isolated
tracheal strips stimulated with electric field stimulation indicated that
neural innervation of tracheal smooth muscle was not affected by COV.
In conclusion, a 6 h exposure to COV did not alter function in the systems
investigated in this study.

dynamics and cardiac function during exposure and up to 24 hr post-exposure to CRF. The evaluation of toxicological signs and respiratory
dynamics following exposure to CRF will be useful in the development
of therapeutic treatment strategies to counteract the ongoing threat of
abuse and overuse of opioids and their synthetic variants.

2385 Validation of an Appropriate Lavage Procedure
of the Left Pulmonary Lobe and Accompanying
Histopathology in the Frame of the Draft OECD
Tg 413

V. Strauss1, L. Ma-Hock1, M. C. Rey Moreno1, S. Groeters1, R.
Landsiedel1, M. Wiemann2, and B. van Ravenzwaay1. 1BASF
SE, Ludwigshafen am Rhein, Germany; and 2gGmbH, Münster,
Germany.
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In the draft OECD TG 413 bronchoalveolar lavage fluid (BALF) parameters are included as mandatory investigation. To reduce animal numbers
each lung may be used for histological and BALF investigations.
However, a detailed procedure compatible with established protocols
is still missing. The left pulmonary lobe was lavaged twice with physiological NaCl, using 40% the volume previously used for a whole lung
(98 untreated control animals). Different flow rates (3, 6 and 12 mL/min)
were tested. Concerning the lung preparation method, BALF parameters of in situ and ex situ lavages were analysed for total and differential
cell counts, total protein, interleukin-8 and osteopontin levels as well as
lactate dehydrogenase, alkaline phosphatase, β-N-acetyl-glucosaminidase, γ-glutamyl transferase activities. Eventually, lung tissue histopathology of the left in situ lavaged lung lobe (n=12) was compared to the
right non-lavaged lung lobes of the same animal. BALF values of lungs
lavaged in situ with reduced flow rate (6 mL/min) were most similar to
reference values of whole lungs lavaged at 12 mL/min. However, in the
BALF from the left lung absolute values of LDH and NAG activities were
higher, and total cell counts and some enzyme activities showed higher
inter-individual variation. Despite of a minimal increment of alveolar
macrophages in the alveolar lumina of the left in situ lavaged lung lobe,
the histopathology of the left lung lobes was not distorted by the lavage
procedure and was comparable to the right non-lavaged lung lobes. The
ex situ lavage of left lung lobes led to deteriorated and hardly stainable
cells in cytocentrifuge preparations and to increased inter-individual
variation of BALF parameters compared to in situ lavaged left lung lobes.
Based on these results we recommended to perform the broncho-alveolar lavage of one half of the lung in situ and, thereafter, to fix the
whole lung and study the complete histopathologically of all lung lobes
according to routine methods.

2386 Role of miR-34a in Amelioration of SEB-Induced

Lung Injury Treated with Tetrahydrocannabinol
(THC)

A. K. Mohammed, P. Nagarkatti, and M. Nagarkatti. University of
South Carolina, Columbia, SC.
Staphylococcal enterotoxin B (SEB) is a highly potent CDC select agent
that can trigger acute lung injury. SEB induces immune dysregulation
leading to robust T cell proliferation and differentiation, as well as
massive cytokine and chemokine release. Δ9-Tetrahydrocannabinol
(THC) is a psychoactive ingredient found in marijuana, Cannabis sativa.
THC is a well-known drug of abuse and also has medicinal properties.
Thus, its use has ethical, legal and social implications. In the current
study, we investigated the effects of treatment with THC of SEB-induced
acute lung injury. To this end, acute lung injury was induced by a dual
dose of SEB in C3H/HeJ mice, which were treated with vehicle or THC.
THC-treatment led to survival of all the SEB-administered mice, while
all vehicle-treated mice succumbed. THC treatment decreased the
CD3+, CD4+, CD8+ and NKT subpopulations and increased the number
of MDSCs in the lungs. THC also induced a significant decrease in the
pro-inflammatory cytokines, IFN-γ and TNF-α in the BALF and in the
levels of chemokines, CCL5 and MCP-1 in the sera and BALF as well. In
order to determine the epigenetic mechanisms underlying the THCinduced beneficial effects, we performed high-throughput microRNA
microarrays with lung-infiltrated mononuclear cells from vehicle and
THC-treated mice. Pathway analysis demonstrated that THC treatment
led to immune suppression through several mechanisms including
downregulation of Let7a-5p that may be responsible for increased
expression of IL-10, and downregulation of miR34-5p leading to
increased FoxP3 and GATA-3. Furthermore, THC treatment also led to
upregulation of miR132-3p that may have resulted in decreased RORα as
well as increased miR10a-5p and miR3077-5p expression responsible for
downregulation in transcription factors, STAT3 that are specific to IL-17
producing Th17 and IFNγ producing Th1, respectively. Validation of the
expression of miR-34a by RT-PCR with lung mononuclear cells confirmed

our high throughput analysis and in silico findings. Together, THC plays
a major role through epigenetic mechanisms to modulate immunological pathways that suppress SEB-induced acute lung injury. (Supported
by NIH grants P01AT003961, R01AT006888, R01ES019313, R01MH094755,
P20GM103641 to PN and MN and MoHESR fellowship for AKM)

2387 A Validated Method for Identification of Low
Soluble, Biopersistent Particles (GBP)

O. H. Creutzenberg, T. Hansen, S. Schuchardt, T. Tillmann, and
J. Knebel. Fraunhofer ITEM, Hannover, Germany. Sponsor: C.
Dasenbrock.
GBP dusts are characterized by i.) a negligible solubility in lung fluids and
ii.) a not existing specific surface chemistry-related toxicity. The German
MAK recommends to set for GBP a new TLV of 0.3 mg/m3. At this TLV
any adverse lung effects should not occur. Objectives: i.) Identification
of a max. solubility for so-called low soluble particles; ii.) analysis of lung
inflammation and lung burdens at volumetric non-overload (0.5 µl) and
overload (1.5 µl) in rat lung; iii.) validation of instillation vs. inhalation
mode. Dusts: µ-TiO2 (rutile), nano-TiO2 P25 (anatase), µ-Eu2O3, µ-BaSO4,
µ-ZrO2 and nano-SiO2. Results: In artificial lung fluids, µ-TiO2, nano-TiO2
P25 and µ-ZrO2 showed an acellular solubility of ≤ 1 mg/l. µ-TiO2 induced
PMN levels of 3% (similar to controls: 2%) on day 3 post-treatment in the
lung lavage fluid of the low dose group. Thus, the GBP requirement of a
very low inflammogenicity was confirmed. µ-BaSO4 showed a behavior
similar to µ-TiO2 (4% PMN). In contrast, nano-TiO2 P25, µ-Eu2O3, µ-ZrO2
and nano-SiO2 did not meet these GBP criteria (range: 10-50% PMN).
Chemical analysis: The clearance half-times derived from lung particle
loads at day 3, 28 and 90 post-treatment resulted in a value of 50 days
in the µ-TiO2 low dose group and in 140 days for nano-TiO2 P25. In
the µ-BaSO4 and nano-SiO2 groups, smaller values of approx. 25 days
were observed indicating an additional dissolution effect. Increased
half-times (2- to 5-fold) in the µ-ZrO2 and µ-Eu2O3 groups reflected
an increased surface-related toxicity and clearance delay. µ-TiO2 and
nano-TiO2 P25 showed very low ionic moieties (vs. total lung burdens;
≤0.1w-% in the low dose groups), the other dusts higher (0.2-0.7w-%) or
very high (30w-%; Eu2O3) moieties. To verify the suitability of instillation,
the above results were validated by conducting an additional 2-wk inhalation study resulting in similar lung loads (using MPPD model). Results
of the instillation and inhalation study (validation) showed principally
conformity; in this project, nano-TiO2 P25 was weaker in response after
inhalation (5% PMN at day 3). Conclusion: On the basis of the acellular
solubility results a maximum value of ≤ 1 mg/l is proposed to build the
class of “low soluble particles”. µ-TiO2 was confirmed as typical GBP dust;
nano-TiO2 P25 is an equivocal GBP; the four other dusts are not meeting
the GBP criteria. (Funded by the Federal Institute for Occupational Safety
and Health (BAuA), Dortmund - F2336/F2364)

2388 Data Comparison of the Respiratory Parameters
during the Acclimatisation Phase of Rat SnoutOnly Plethysmography Studies

S. A. Moore, N. Stapleton, S. Jordan, and E. Moore. Envigo,
Huntingdon, United Kingdom.
Prior to the exposure phase of a snout-only plethysmography study, the
animals were acclimatised to the restraint tube procedure over a period
of days. The aim was to minimise stress-related elevations in respiratory minute volume (RMV) values, which may mask potential effects of
administered test material. Pre-dose measurements of tidal volume (TV),
respiration rate (RR) and RMV were collated over the last 2 years (232
data points) to ascertain whether there were any differences in rat strain
(Han Wistar (HW) and Sprague Dawley (SD)) or type of chamber (flow
through (FT) or flow past (FP)). There was no discernible difference in
RMV with the type of strain irrespective of bodyweight. Both data sets
had a similar level of variability. 116 from 152 (76%) HW animals had
an RMV greater than predicted1. This is in contrast with the SD animals,
from which only 70% (56 from 80) were above that predicted. The type
of chamber made a difference to the RMV. The RMV values for the 200300g bodyweight range gave a statistical difference (p<0.001) for the FT
chambers (266 mL/min) compared with the FP (219 mL/min) chambers.
There was no statistical difference in TV (1.48 mL/min for FT and 1.48
mL/min for FP). However, there was a statistical difference (p<0.001) in
RR (176 breathes/min for FT and 151 breathes/min for FP). Mean bodyweights were 260g for FT and 265g for the FP for this range. Comparing
the RMVs against the equivalent rat data used in the Alexander equation1 found that this dataset produced RMV values (55%) that were
lower than predicted, suggesting that this equation underestimates the
RMV for rats. In conclusion, the type of strain makes no difference to the

2389 Effects of Repeated Inhalation Exposure of

Fenbutatin Oxide Formulation on Wistar Rats

Patel1,

M. V.
V. Dalal1, R. Verma1, R. Chhimwal1, U. Kapurkar1, and V.
2
J. Piccirillo . 1Jai Research Foundation, Valvada, India; and 2VJP
Consulting, Inc., Ashburn, VA.
In order to assess the hazard potential of air-borne Vendex 50 WP
(Fenbutatin oxide), a widely used in agricultural pesticide, a repeated
dose inhalation study in male and female Wistar rats was performed
The rats were exposed to 0.002 mg a.i./L air (G2), 0.008 mg a.i./L air (G3),
0.016 mg a.i./L air (G4 and G6) for 6 hour/day, 5 day/week for 4 weeks
respectively. A variety of biological clinical chemistry, hematology, urine
analysis, organ weight, and histopathology were examined. In this study,
treatment of Vendex 50 WP was associated with decreased prothrombin
time and urine specific gravity and increases absolute and relative lung
weights and urine volume and pH 0.008 mg a.i./L air (mid concentration)
and 0.016 mg a.i./L air (high concentration). In the absence of any histopathological findings in organs associated with these findings, changes
noticed were considered as an adaptive response to test item. Under the
conditions of this study, the No Observed Adverse Effect Concentration
(NOAEC) and No Observed Effect Concentration (NOEC) of Vendex 50
WP were 0.002 mg a.i./L air and 0.016 mg a.i./L air, respectively, when
administered via inhalation following 20 exposure over a 28 days period.

2390 In Vivo Toxicological Assessment of Sanding

Dust Generated from Micronized Copper Azole
Pressure Treated Wood

Sisler2,

Shaffer2,

Lee2,

McKinney2,

Battelli2,

J. D.
J.
T.
W.
L.
M.
Orandle2, T. Thomas3, V. Castranova4, C. Qi1, A. Echt1, D. W.
Porter2, M. Andrew2, J. S. Fedan2, R. R. Mercer2, and Y. Qian2.
1DART, NIOSH, Cincinnati, OH; 2NIOSH, Morgantown, WV; 3US
Consumer Product Safety Commission, Rockville, MD; and 4West
Virginia University, Morgantown, WV.
Micronized copper azole (MCA) is a pressure lumber treatment to
prevent weathering and fungal infiltrations. In this study, the in vivo
toxicity of sanding dust generated from MCA was compared to that
of copper azole treated (CAC) or untreated yellow pine (UYP) wood to
determine if the micronized copper was more bioactive. Particle matter
(PM2.5) was collected from sanding dust of each type of lumber and analyzed for metal content, using inductively coupled plasma mass spectrometry. MCA had a higher concentration of copper and generated
smaller particles in comparison to CAC and UYP. Mice were exposed
to three doses (28, 140, 280 μg) of UYP, MCA, or CAC, using pharyngeal
aspiration. Lung damage and inflammation were examined 1 and 7 day
post exposure, using bronchoalveolar lavage fluid (BALF) by measuring
lactate dehydrogenase (LDH) activity and polymorphonuclear cells
(PMNs). Results showed that LDH activity was significantly increased at
1 day post exposure for 280 μg of MCA and CAC compared to UYP. MCA
and CAC caused a dose-dependent increase in PMNs. There were also
dose-dependent increases in pro-inflammatory cytokines in with the
BALF from the MCA and CAC exposed groups at 1 day post exposure.
However, there were no significant changes seen at 7 day post exposure. Histopathological analysis was performed to examine mouse lungs
at 1 and 84 day post exposure at 280 μg. Results showed that exposure
to all three materials resulted in acute inflammation with infiltration of
neutrophils and macrophages; and the pulmonary response was more
severe in the MCA and the CAC groups, compared to the UYP at 1 day
post exposure. Furthermore, MCA caused a more severe inflammatory
response than CAC at 1 day post exposure. At 84 day post exposure,
there were no significant changes observed in any exposure group
compared to saline control. Taken together, these data suggest that
μCAC and CAC are both more bioactive than UYP; and, moreover, MCA
is slightly more toxic in comparison to CAC. i This report was prepared
by CPSC and NIOSH staff; it has not been reviewed or approved by, and
may not necessarily reflect the views of, the Commission.

2391 Inhalation of Gas Metal Arc-Stainless Steel

Welding Fume Promotes Lung Tumorigenesis in
A/J Mice

L. Falcone3, A. Erdely2, T. Meighan2, L. Battelli2, R. Salmen2, W.
McKinney2, S. Stone2, A. Cumpston2, J. Cumpston2, R. Andrews1, M.
Kashon2, J. Antonini2, and P. Zeidler-Erdely2. 1NIOSH, Cincinnati,
OH; 2NIOSH, Morgantown, WV; and 3West Virginia University
School of Medicine, Morgantown, WV.
Epidemiologic studies suggest an increased risk of lung cancer with
exposure to welding fumes, but controlled animal studies are needed
to support this association. Oropharyngeal aspiration of gas metal
arc-stainless steel (GMA-SS) welding fume has been shown by our laboratory to promote lung tumor formation in vivo using a two-stage initiation-promotion model. Our objective in this study was to determine
if GMA-SS fume also acts as a lung tumor promoter when delivered via
inhalation to lung tumor susceptible mice. Male A/J mice received intraperitoneal (IP) injections of corn oil or the chemical initiator 3-methylcholanthrene (MCA;10 µg/g) and one week later were exposed by whole
body inhalation to air or GMA-SS welding aerosols for 4 h/d x 4 d/w x 9
w at a target concentration of 40 mg/m3. Lung nodules were enumerated at 30 weeks post-initiation. GMA-SS fume significantly promoted
lung tumor multiplicity in A/J mice initiated with MCA (16.11 ± 1.18)
compared to MCA/air-exposed mice (7.93 ± 0.82). Histopathological
analysis found that the increased number of lung nodules in the MCA/
GMA-SS group were hyperplasias and adenomas, which was consistent
with developing lung tumorigenesis. Lung metal deposition analysis
revealed that a markedly lower deposited dose (approximately 5 fold)
elicited a similar fold-change lung tumorigenic response when compared to our previous aspiration study. In conclusion, this study demonstrates that inhalation of GMA-SS welding fume promotes lung tumor
formation in vivo and provides further support for the epidemiologic
studies that show welders are at an increased risk for lung cancer.

2392 Prenatal Exposure to Polycylic Aromatic

Hydrocarbons Worsens Postnatal Hyperoxic
Lung Injury: Implications for Bronchopulmonary
Dysplasia in Premature Neonates

K. Lingappan, W. Jiang, L. Wang, X. Couroucli, and B. Moorthy.
Baylor College of Medicine, Houston, TX.
Pregnant women are exposed to polycylic aromatic hydrocarbons
(PAHs) through various environmental sources. Preterm neonates are
exposed to supplemental oxygen (hyperoxia), and this in turn could
lead to chronic lung disease/ bronchopulmonary dysplasia (BPD). We
hypothesize that prenatal PAH exposure adversely affects fetal lung
development and will exacerbate the effects of postnatal hyperoxia in
newborn mice. We tested the hypothesis that prenatal administration
of PAHs [a mixture of benzo(a)pyrene (BP) and benzo(b)fluoranthrene
(BbF)], will differentially exacerbate lung injury and alveolar simplification in neonatal mice following postnatal hyperoxia, and that this
effect will be altered in mice lacking the gene for Cyp1a2 gene. Timed
pregnant wild type (WT) (C57BL/6J) mice or mice lacking the gene for
Cyp1a2 were treated with a mixture of BP and BbF (total 15 mg/kg) orally
or were given the vehicle corn oil (CO), once daily for 6 days on gestational days 14-19. The newborn mice born to these mothers were maintained in room air or exposed to hyperoxia (85% oxygen) for 14 days.
Alveolarization and inflammation were analyzed. PAH-DNA and oxidative DNA adducts were measured in lungs of newborn mice exposed
prenatally to PAHs, followed by postnatal hyperoxia or room air by
32P-postlabeling. The lungs of newborn WT mice exposed prenatally to
the vehicle control, followed by postnatal hyperoxia showed lung injury
and inflammation, and alveolar simplification (as measured by mean
linear intercept), compared to animals maintained in room air. WT mice
that were prenatally treated with a mixture of BP and BbF, followed by
postnatal hyperoxia showed potentiation of lung injury and abnormal
alveolarization compared to those that were prenatally exposed to CO.
The alveolar simplification was greater in Cyp1a2-null mice. PAH-DNA
adducts were detected in neonatal lungs with maternal exposure to
PAHs. Our results support the hypothesis that prenatal PAH exposure
differentially exacerbate lung injury and alveolar simplification in neonatal mice following postnatal hyperoxia, and that this effect will be
altered in mice lacking the gene for Cyp1a2 gene. Our PAH-DNA adduct
data provide evidence for existence of transplacental passage and genotoxic effects in the fetal mice. In summary, our findings suggest that
premature infants born to women exposed to PAHs will have a higher
risk to develop BPD.
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RMV. However, the FT chamber gave higher RR (and RMV) values than
the FP chamber. Conducting a direct comparison with the Alexander et
al RMV equation1 found that the majority of the data points presented
gave RMV values lower than predicted and species specific RMV equation is necessary. 1 Alexander DJ et al. (2008). Inhal. Tox., 20, 1179-1189.

2393 Pulmonary Fibrosis and Fibroblast Apoptosis

Resistance: Combined Effects of Fas Death
Receptor Loss and Toll-Like Receptor 4 Signaling

K. M. Hanson, A. M. Groves, C. J. Johnston, J. P. Williams, and J. N.
Finkelstein. University of Rochester Medical Center, Rochester, NY.
Inhalation of environmental toxicants such as cigarette smoke, metal
dust, wood dust, dung particulates, silica, asbestos, and microbial
agents are associated with increased risk for pulmonary fibrosis (PF).
This irreversible lung scarring adversely affects the quality of life of
hundreds of thousands of patients worldwide. Due to ineffective treatments, patients experience difficulty breathing, dry cough, pain, and
ultimately early death. These exposures cause lung epithelial damage,
but the downstream mechanisms of IPF pathology are still unknown.
However, recent studies suggest that TLR4 is a key element in the
onset of IPF. TLR4 levels are elevated in IPF lung biopsies and mutations in TOLLIP (TLR4 inhibitor) are associated with increased risk for IPF.
Moreover, TLR4 activation causes pro-survival signaling, helping cells
evade apoptosis. Fibroblast apoptosis via Fas death receptor is essential for wound resolution, but in PF, fibroblasts become apoptosis resistant and proliferate excessively. We predicted that fibroblast apoptosis
resistance in PF may result from not only loss of Fas expression but also
pro-survival TLR4 signaling. To model IPF, we used radiation-induced PF
because it very closely mimics the progressive and irreversible nature of
IPF. Lungs of C57BL/6J mice receiving 0 Gy or 12.5 Gy thoracic radiation
were collected at 3, 8, 16, and 26 wk post-irradiation (PI). Double staining
for s100a4 (fibroblast marker) and Fas revealed that control and irradiated (rt) fibroblasts show similar Fas intensity until fibrosis develops at
26 wk PI. At this time, rt samples show reduced Fas staining on fibroblasts. This loss of Fas expression makes it less likely that these cells
would undergo apoptosis, a phenotype that may be exacerbated by
TLR4 signaling. We used HEK-Blue hTLR4 reporter cells to determine that
1) Lung lavage fluid from rt mouse lungs activates TLR4 while control
lavage fluid does not and 2) Endogenous TLR4 agonist HMGB1, known
to be increased in damaged lungs, can activate TLR4 to the same extent
as canonical ligand LPS. Our results suggest that the combined effects
of TLR4 pro-survival signaling and loss of Fas death receptor may trigger
fibroblast apoptosis resistance after lung damage, resulting in excessive
fibroblast accumulation and therefore fibrosis.

2395 Aerosol Characterization and Pulmonary

Responses after Short-Term Inhalation of Fumes
Generated during Resistance Spot Welding of
Galvanized Steel

A. Afshari, P. C. Zeidler-Erdely, T. Meighan, W. McKinney, M.
Jackson, D. Schwegler-Berry, D. Burns, R. F. LeBouf, B. T. Chen, and
J. M. Antonini. NIOSH, Morgantown, WV.
Resistance spot welding is a common process to join metals in the automotive industry. Adhesives are often used as sealers to seams of metals
that are joined. Anti-spatter compounds sometimes are sprayed onto
metals to be welded to improve weldability. Spot welding produces
complex aerosols composed of metal and volatile organic compounds
(VOCs) which can cause lung disease in workers. Sprague-Dawley rats
were exposed by inhalation to 25 mg/m3 of aerosol for 4 h/d x 8 d
during spot welding of galvanized zinc-coated steel in the presence or
absence of an adhesive or anti-spatter spray. Controls were exposed
to filtered air. Particle size distribution and chemical composition of
the generated aerosol were determined. At 1 and 7 d after exposure,
bronchoalveolar lavage (BAL) was performed to assess lung toxicity.
The generated particles mostly were in the submicron size range with
a significant number of ultrafine particles formed. The primary metals
present in the fumes were iron (72.5 %) and zinc (26.3 %). The addition
of the anti-spatter spray and adhesive did affect particle size distribution when spot welding galvanized steel, whereas they had no effect
on metal composition. Multiple VOCs (e.g., methyl methacrylate, acetaldehyde, ethanol, acetone, benzene, xylene) were identified when spot
welding using either the adhesive or the anti-spatter spray that were not
present when welding alone. Markers of lung injury (BAL lactate dehydrogenase) and inflammation (total BAL cells and neutrophils) were significantly elevated compared to controls 1 d after exposure to the spot
welding fumes. The elevated pulmonary response was transient as lung
toxicity mostly returned to control values by 7 d. The VOCs or the concentrations that were generated during the animal exposures had no
measurable effect on the pulmonary responses. Inhalation of galvanized
spot welding fumes caused acute lung toxicity most likely due to the
presence of zinc.

2396 Measuring the Bioenergetic Effects of
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Pulmonary Toxicity in Rats

T. M. Sager, C. M. Umbright, B. L. Frye, W. McKinney, B. T. Chen, and
P. Joseph. NIOSH, Morgantown, WV.
Millions of workers worldwide are exposed to silica, a causative agent
for potentially fatal diseases such as silicosis. In addition, whether avoidable lifestyle factors, such as diet-induced obesity, may modify the likelihood of silicosis development is unknown. Therefore, the objective of
this study was to determine the effect of diet-induced obesity, if any, on
silica-induced pulmonary toxicity in a rat model. Throughout the study,
Fischer 344 rats were continuously fed either a regular fat (RFD; 18% kcal
as fat) or a high fat (HFD; 60% kcal as fat) diet. Two weeks after starting
the study, the rats were exposed to either air or crystalline silica (15 mg/
m3, 6 hours/day, 5 days). Body weights and serum triglyceride levels,
indicators of diet-induced obesity, in the HFD rats were higher compared to the RFD rats. At 1 and 3 months post-silica exposure, bronchoalveolar lavage was done and pulmonary toxicity assessed. Pulmonary
toxicity parameters including, lactate dehydrogenase (LDH) activity,
oxidant production, and cell counts (including infiltrating neutrophils
and alveolar macrophages), were assessed. Inflammatory cytokine levels
(IL-1β, IL-10, TNF-α, MCP-1, and MIP-2) were also measured. Expression
profiling of a panel of ten genes (CCL2, CCL3, CXCL-1, CEACAM 10, LCN
2, MTIA, MMP-12, SLC13A2, SLC26A4, and SOD2), known to be involved
in silica-induced pulmonary toxicity, were assessed by real-time PCR.
The results showed that silica inhalation resulted in pulmonary toxicity, at both 1 and 3 months post-exposure, as evidenced by enhanced
neutrophil infiltration, increased LDH levels, enhanced oxidant production, increased inflammatory cytokine levels, and overexpression of the
genes in both RFD and HFD groups. Silica-induced pulmonary toxicity
was more pronounced at 3 months post-exposure than 1 month. In
addition, the effect of silica inhalation on gene expression and inflammatory cytokine levels was further enhanced, (up to a 21-fold increase
in gene expression and 6-fold increase in cytokine levels) especially at
3 months post-exposure in the HFD group compared to the RFD group.
In summary, our results indicated that certain early pulmonary toxicity
parameters (inflammatory cytokine levels and gene expression) induced
by silica inhalation were enhanced by diet-induced obesity in rats.

1,2-Naphthoquinone Exposure on Human Lung
Macrophages Using Seahorse Extracellular Flux
Analyses

K. S. Lavrich1, N. E. Alexis1, and J. M. Samet2. 1University of North
Carolina at Chapel Hill, Chapel Hill, NC; and 2US EPA, Research
Triangle Park, NC.
Exposure to ambient particulate matter (PM) is one of the leading causes
of morbidity and mortality in humans. Quinones are organic PM components that induce inflammatory responses through redox cycling
and electrophilic attack. 1,2-naphthoquinone (1,2-NQ) has previously
been shown to cause bioenergetic effects in airway epithelial cells, but
the effects in macrophages (Mac) are unknown. Induced sputum and
bronchoalveolar lavage (BAL) are procedures that recover Mac from the
central and peripheral airways, respectively and can be used to assess
the impact of environmental agents on Mac function. In this study, we
sought to characterize the bioenergetic effects of ex vivo exposure to
1,2-NQ on Mac derived from induced sputum or BAL in healthy human
volunteers. We optimized techniques for analyzing primary airway
samples on the Seahorse XFe24 Analyzer and assessed mitochondrial
respiration and glycolytic activity in response to 1,2-NQ exposure. In
sputum samples, the oxygen consumption rate (OCR) increase induced
by 1,2-NQ was very small when compared to the robust oxidative
burst response to the protein kinase C activator phorbol 12-myristate
13-acetate (PMA). In contrast, 1,2-NQ produced a greater OCR increase
than that of PMA in BAL Mac. Both BAL and sputum Mac had lower
1,2-NQ induced OCR increases than bronchial epithelial cells, suggesting that Mac may have a lower capacity for quinone redox cycling.
Differential responses in response to 1,2-NQ between BAL and sputum
samples show Mac from lower airways, and to a greater extent, epithelial
cells, may be more susceptible to oxidative damage by quinones. To our
knowledge, this is a novel application of extracellular flux methodology
to lung Mac acquired from human volunteers. Bioenergetic effects of ex
vivo exposure to an environmental agent were successfully examined.
The observed inter-lung compartment variability indicates that certain
human Mac populations may be more susceptible to PM-associated
quinones based on their anatomic location in the lung. This further
elucidates the mechanisms underlying PM-induced health effects. This
abstract does not necessarily reflect US EPA policy.

the Lung

S. Carratt3, B. Buchholz1, X. Ding2, and L. Van Winkle3. 1LLNL,
Livermore, CA; 2SUNY Poly, Albany, NY; and 3University of
California Davis, Davis, CA.
Naphthalene (NA) is a respiratory toxicant and possible human carcinogen. The National Toxicology Program found that NA forms tumors in
two species, in rat nose and in the mouse lung. However the argument
has been made that NA does not pose a cancer risk to humans because
NA is bioactivated by cytochrome P450 monooxygenase enzymes that
have very high efficiency in the lung tissue of rodents and low efficiency
in the lung tissue of humans. It is thought that NA carcinogenesis in
rodents is related to repeated cycles of lung epithelial injury and repair,
an indirect mechanism. However, we have previously demonstrated that
NA metabolites can form DNA adducts in mouse airway. This study seeks
to determine whether NA-DNA adducts also form in the primate airway
and whether these adducts are stable over 24 hours. This study evaluated DNA adduct formation and stability in primate airway explants.
Metabolically active tissue was isolated and incubated in explant culture
with 14C-labeled NA (0, 25, 250 µM) for 1 hour, followed by accelerator
mass spectrometry (AMS) analyses of metabolite binding to DNA. A
subset of tissue was washed and cultured in NA-free media to a 24-hour
time point, at which time it was washed again and analyzed with 14CAMS. Male rat airway, which is not susceptible to tumor formation, was
used as a negative control. The vehicle control was non-radiolabelled
acetonitrile. 14C-benzo(a)pyrene (BaP) (25 µM), a known carcinogen
and DNA adductor, was the positive control. The role of activation and
detoxification pathways on adduct formation was evaluated by using a
global P450 inhibitor (piperonyl butoxide) and by depleting GSH with
diethylmaleate during the incubation. Despite relatively low metabolic
bioactivation in the primate airway, dose-dependent NA-DNA adduct
formation was detected. Furthermore, there was no decrease in adduct
levels at 24 hours, indicating adduct stability. BaP was confirmed to form
stable DNA adducts as well, and compared to NA for potency. This is the
first study to demonstrate NA-DNA adduct formation in a non-human
primate tissue. (Funded by R01 ES020867, ES020867S1 and DOD LC130820)

2398 Pulmonary Toxicity in Response to Inhalation

2399 Comparative Respiratory Tract Toxicity and

Carcinogenicity of Metalworking Fluids in Rats
and Mice following Chronic Inhalation Exposure

K. R. Ryan2, M. Cesta2, R. Herbert2, K. Janardhan1, G. Kissling2, and D.
L. Morgan2. 1ILS Inc, Durham, NC; and 2NIEHS, Durham, NC.
Metalworking fluids (MWFs) are complex formulations used in
machining operations. Adverse health effects (respiratory symptoms,
dermatitis, cancer) have been reported in exposed workers and recent
studies in experimental animals indicate a continued health risk. These
studies examined whether unrecognized health hazards exist in marketed MWFs presumed safe based on hazard assessments of individual
ingredients. Chronic inhalation studies were designed to characterize/
compare the potential toxicity and carcinogenicity of two formulations
considered examples of the soluble oil class (TRIM VX) and semisynthetic class (CIMSTAR 3800) of MWFs. Fifty male and female Wistar Han
rats and B6C3F1/N mice were exposed to 0, 10, 30 or 100 mg/m3 of MWF
by whole body inhalation for 2 years and the survival, body weights, and
histopathology were assessed. Survival and body weights of animals
exposed to TRIM VX and CIMSTAR 3800 were similar to those of the controls; toxicity occurred primarily in the respiratory tract of rats and mice.
Rats and mice exposed to TRIM VX had a greater spectrum of inflammatory and nonneoplastic respiratory tract lesions than those exposed to
CIMSTAR 3800. Furthermore, animals exposed to TRIM VX had a greater
incidence of lung neoplasms than those exposed to CIMSTAR 3800.
Male and female rats exposed to TRIM VX had a nonsignificant increase
in alveolar/bronchiolar adenoma or carcinoma, whereas rats exposed to
CIMSTAR 3800 did not develop lung neoplasms. The incidences of alveolar/bronchiolar adenoma or carcinoma (combined) in the 100 mg/m3
TRIM VX male mice (23/50; P=0.047) and female mice (20/50; P=0.011)
were significantly increased compared to controls (males=14/50;
females=9/50). Also, female mice exposed to TRIM VX had a significant
increase (14/50; P=0.018) in animals with multiple alveolar/bronchiolar
carcinomas compared to controls (5/50). The incidence of alveolar/
bronchiolar adenoma or carcinoma (combined) in female mice (12/50;
P=0.021) exposed to 100 mg/m3 CIMSTAR 3800 was also significantly
increased compared to controls (4/50); however the incidences of lung
neoplasms in male mice exposed to CIMSTAR 3800 were not significantly increased. This evaluation suggests newer MWFs from different
classes are toxic to the respiratory tract following chronic exposure.

Exposure to Nanocrystalline Cellulose in the Rat

P. Joseph, C. Umbright, T. Sager, B. T. Chen, W. McKinney, M.
Orandle, and J. R. Roberts. NIOSH, Morgantown, WV.
The physical and/or chemical properties of nanocrystalline cellulose
(NCC) offer multiple commercial and industrial applications. Human
exposure to NCC is possible during the production and/or use of products containing NCC, and such exposures may result in adverse health
effect(s). However, neither the toxicity potential nor the mechanisms
underlying any toxicity are characterized for NCC. Currently, the pulmonary toxicity potential of NCC and the possible molecular mechanisms
underlying the toxicity, if any, were studied by employing a rat inhalation toxicity model. Male Fischer rats were exposed by whole body inhalation to air or NCC (20 mg/m3, 6 hours/day, 14 days), and pulmonary
toxicity determined at 16-hours following the last exposure. Compared
with the controls, increases in lactate dehydrogenase activity, pro-inflammatory cytokine levels, phagocyte oxidant production, and macrophage and neutrophil counts were detected in the bronchoalveolar
lavage cells or fluid of the NCC exposed rats. Mild lung histological
changes, such as the accumulation of macrophages and neutrophils,
were observed in the NCC exposed rats. Together, these findings suggested that NCC exposure resulted in pulmonary toxicity in rats. Global
gene expression profiling by next generation sequencing identified
approximately 1000 genes whose expressions were significantly different (FDR p <0.01) in the lungs of the NCC exposed rats compared with
the controls. Bioinformatic analysis of the gene expression data identified significant enrichment of several biological functions (for example,
cellular movement, immune cell trafficking, inflammatory diseases and
response, respiratory disease, and free radical scavenging) and canonical pathways (for example, complement system, acute phase response,
leukocyte extravasion signaling, granulocyte and agranulocyte adhesion and diapedesis, IL-10 signaling, phagosome formation and maturation, NRF2-mediated oxidative stress response, and production of
nitric oxide and reactive oxygen species in macrophages) in the lungs in
association with NCC-induced pulmonary toxicity. In summary, our data
demonstrated that NCC exposure can induce pulmonary toxicity in rats.
Furthermore, we have identified the induction of inflammation and oxidative stress as two of the major mechanisms underlying the pulmonary
toxicity induced by NCC in rats.

2400 Pulmonary Bioassay Screening Study with
Terracess DP Particulates in Male Rats

S. P. Ng1, J. D. Thurman2, S. R. Frame1, D. M. Hoban1, K. L. Reed1,
D. P. Grinstead1, and S. Akagawa3. 1DuPont, Newark, DE; 2Global
Pathology Services, West Chester, PA; and 3Otsuka Chemical
Company, Ltd., Otsuka, Japan.
The aim of this study was to assess lung toxicity in rats exposed to
Terracess DP particulates (potassium titanium oxide, dia: 40-160 um)
and compare the effects to vehicle (PBS) controls and positive benchmark control particulate Min-U-Sil α-quartz. Groups of male rats were
intratracheally instilled with PBS, or doses of 1 or 5 mg/kg of Terracess
DP or quartz. Following exposures, the lungs of PBS and particulate-exposed rats were evaluated by bronchoalveolar lavage (BAL) fluid
inflammatory biomarkers at 1 wk, 1 mon, and 3 mon post-exposure.
In addition, lungs were weighed and tissues processed for morphological analyses in rats exposed to PBS or high doses (5 mg/kg) of the
particulates at 1 and 3 mon post-exposure. No significant differences
were observed in the body weights among all groups. While no inflammatory responses were measured in Terracess DP or PBS exposed rat
lungs, quartz exposures produced sustained pulmonary inflammatory
responses, as evidenced by significantly higher percent neutrophils
(PMN) and total number of cells recovered in BAL fluids at all post-exposure time points. BAL fluid lactate dehydrogenase (LDH), microprotein
(MTP), and alkaline phosphatase (ALP) values for Terracess DP exposed
rats showed no differences when compared to PBS group. In contrast,
quartz exposures produced significant and persistent cytotoxic effects
(increases in LDH and MTP values [vs. PBS]), as measured through 3 mon
post-exposure. Histopathological analyses of lung tissues revealed that
exposures to Terracess DP produced no significant adverse effects when
compared to PBS controls, supported by the normal lung architecture,
no change in lung weight, and the lack of neutrophils or alveolar thickening observed in the Terracess DP and PBS exposed animals. Alveolar
macrophages containing phagocytized particles were present but considered a normal, adaptive physiological response to high dust concentrations. In contrast, pulmonary exposures to quartz in rats produced
lung inflammatory responses characterized by neutrophils, foamy alveolar macrophage accumulation, and tissue thickening; the increased
cellular content correlated with increased lung weights. These tissue
changes are a possible prelude to development of fibrosis.
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2397 Stable Naphthalene DNA Adduct Formation in

2401 Connexin 43 Mediates PM-Induced Lung
Vascular Injury

X. Wu, J. G. Garcia, and T. Wang. University of Arizona, Tucson, AZ.
Particulate matter (PM) air pollution is a known factor to exacerbate cardiopulmonary diseases. We previously demonstrated that PM mediated
endothelial injury and barrier disruption via modulation of endothelial
cytoskeleton and cell-cell junctions, while the effects of PM exposure
on cell-cell communication and gap junction activity are still unknown.
This study is focused on characterization of PM-regulated endothelial
dysfunction via Connexin 43 (Cx43), the most abundant Gap junction
protein expressed in lung endothelial cells (ECs). PM exposure induces
a dose- and time-dependent elevation of Cx43 in human lung ECs, at
both mRNA and protein levels. N-acetyl-cysteine (NAC), an ROS scavenger, significantly suppresses PM-induced Cx43 expression. Membrane
associated Cx43 is also elevated upon PM challenge. In addition, PM also
activates the gap junction activity, indicated by green fluorescence dye
transfer between two adjacent ECs. Moreover, GAP27, a selective Cx43
channel inhibitor, attenuates PM-reduced human lung EC barrier disruption, measured by trans-endothelial electrical resistance (TER) with an
electric cell-substrate impedance sensing system. These results highly
suggest that Cx43 plays a key role in PM-mediated endothelial barrier
disruption and signal transduction. Cx43 may deputy as a therapeutic
target in PM-mediated cardiopulmonary disorders.

2402 The Role of Lipid Hydroperoxides in OzoneInduced Increases in Glutathione Redox
Potential in Human Airway Epithelial Cells

E. Corteselli1, and J. Samet2. 1University of North Carolina at
Chapel Hill, Chapel Hill, NC; and 2US EPA, Chapel Hill, NC.
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Human exposure to tropospheric ozone pollution is of global public
health concern. Exposure to ozone induces functional decrements and
inflammatory responses in the respiratory tract that are thought to
occur through oxidative mechanisms. While it is known that ozone oxidizes polyunsaturated fatty acids to produce lipid hydroperoxides, the
role of these hydroperoxides in mediating cellular responses to ozone
inhalation is not well understood. Previous live cell imaging studies have
found a marked ozone-induced increase in the glutathione redox potential (EGSH), reflecting the ratio of reduced to oxidized glutathione (GSH/
GSSG), in human airway epithelial cells (HAEC) expressing the genetically encoded fluorogenic sensor of EGSH roGFP. roGFP reportedly senses
EGSH by equilibrating with the GSH/GSSG through a redox relay that is
initiated by H2O2. While the previous O3 study also found an increase
in H2O2, observed using another fluorogenic sensor (HyPer), its contribution to the O3 -induced increase to the EGSH was unclear. We therefore hypothesized that lipid hydroperoxides contribute to increases in
EGSH during O3 exposure. In the present study we used live cell confocal
imaging to monitor BEAS-2B cells expressing roGFP or HyPer as they
were exposed in real time to lipid hydroperoxides or the corresponding
hydroxides. Exposure to the organic tert-butyl hydroperoxide or the linoleic hydroperoxide 13-(S) HpODE induced dose-dependent increases
in EGSH, reported by roGFP, that were comparable in magnitude to that
observed during exposure to 0.5 ppm O3. Exposure to the hydroxide
13-(S)-HODE did not have a significant effect on EGSH, indicating that
the peroxy group is necessary to cause the increase in cytosolic EGSH.
Dose-dependent H2O2 production, reported by HyPer, was observed
during exposure to 13-(S)-HpODE. Analysis of lactate dehydrogenase
release revealed that no significant cytotoxicity occurred from exposure
to these hydroperoxides or hydroxides during these experiments. These
results suggest that production of lipid hydroperoxides is an initiating
event that leads to the loss of reducing redox potentials induced by
exposure of HAEC to O3. This abstract does not necessarily reflect US EPA
policy.

2403 Protective Role of Resveratrol against Lung

Dysbiosis in SEB-Induced Acute Lung Injury

H. F. Alghetaa, A. K. Mohammed, M. A. Sultan, P. Nagarkatti, and
M. Nagarkatti. University of South Carolina School of Medicine,
Columbia, SC.
While the lungs were believed to be sterile, recent studies have demonstrated the presence of lung microbiota. Any pulmonary disease,
therefore, will affect the commensal bacterial communities. This study
focuses on the alteration of the lung microbiota during acute lung injury
(ALI). To achieve this goal, C3H/HeJ mice were administrated by intranasal and intraperitoneal doses of Staphylococcal enterotoxin B (SEB)
to induce ALI. Resveratrol (RES), an anti-inflammatory agent at a dose of
100mg/kg or vehicle (VEH, 1% carboxyl methylcellulose) were administrated twice orally as preventative. 48 hours later, blood, broncho-alve-

olar lavage (BALF), spleen and lung tissues were collected for evaluation.
RES-treated mice survived when compared to VEH-treated mice having
SEB-induced ALI. Furthermore, lung microbiota was collected and 16S
rRNA sequencing was performed. The data was analyzed to determine
the alpha and beta diversity. We found that major phyla of the lung
microbiota, Firmicutes and Proteobacteria were markedly changed
when exposed to SEB. RES treatment caused a significant decrease in
Proteobacteria phylum, particularly families, Oxalobacteraceae and
Pasteurellaceae as well as Rheinheimera spp., but resulted in a significant
increase in the beneficial genus of Lysobacter which produces β-lactam,
a novel antibiotic with effects on other microorganisms, in comparison
with VEH-treated mice. Moreover, RES treatment led to elevate Firmicutes
phylum because of increase in the beneficial genus, Lactobacillus.
Lipopolysaccharide (LPS), gram negative bacterial endotoxin was found
at significantly higher concentration in the BALF of VEH-treated group in
comparison with RES-treated mice. Beneficial metabolome levels were
significantly higher in the serum of RES-treated mice versus VEH-treated
mice, specifically propionic and acetic acids. Together, resveratrol has a
major impact as a prebiotic in reverting pulmonary homeostasis during
severe inflammation caused by the superantigen, SEB. (Supported by
NIH grants P01AT003961, R01AT006888, R01ES019313, R01MH094755 and
P20GM103641)

2404 Acute Inhalation Toxicity of

Trimethylsilyldiazomethane in Harlan Sprague
Dawley Rats and B6C3F1/N Mice

W. M. Gwinn2, S. Waidyanatha2, D. Dixon2, R. Barnewall1, K.
Patton1, B. Hayden1, J. Richey1, and M. D. Stout2. 1Battelle,
Columbus, OH; and 2NIEHS, Research Triangle Park, NC.
Trimethylsilyldiazomethane (TMSD) is a methylating reagent widely
used in organic chemistry. TMSD is less reactive than diazomethane and
is marketed as a safer alternative; however, there is little toxicity data
for TMSD. There is concern for the inhalation toxicity of TMSD due to
the reported deaths of two chemists exposed to TMSD. The objective
of this study was to determine the dose-response for acute inhalation
toxicity of TMSD in male rats and mice. Harlan Sprague Dawley rats and
B6C3F1/N mice (n = 8 per group) were exposed via nose-only inhalation
to targeted vapor concentrations of 0, 0.3, 1, 3 or 10 ppm TMSD for 30
min on days 0-4 (5 exposures). Animals were sacrificed on day 5 or held
for 5 days post-exposure out to day 9. Some animals were exposed to 10
ppm TMSD on day 0 (1 exposure) and sacrificed on day 1 or 9. All rats survived until the end of study. Following 5 days of exposure (> 3 ppm), terminal body weights were decreased and lung weights increased at days
5 and 9. At 10 ppm, lung histopathologic lesions included inflammation,
interstitial fibrosis, edema, acute hemorrhage, alveolar epithelial hyperplasia and hypertrophy and bronchiolar epithelial hyperplasia at days 5
and 9. There were also mediastinal lymph node lesions at 10 ppm which
included plasma cell hyperplasia. After a single exposure (10 ppm),
there were no adverse effects in rats. In mice, TMSD was more toxic. All
mice exposed to 10 ppm TMSD died or were euthanized after only 2
exposures. Following 5 days of exposure, terminal body weights were
decreased (> 3 ppm) and lung weights increased (> 1 ppm) at days 5 and
9. Lung histopathologic lesions (>1 ppm) at days 5 and 9 were similar
to those observed in rats and included necrosis. Interstitial fibrosis was
present but only at day 9. In the larynx at > 3 ppm, there was squamous
epithelial hyperplasia, ulceration and neutrophilic inflammation at day
9. After a single exposure (10 ppm), lung weights were increased (days
1 and 9) and only ~40% of the mice survived until day 9 (terminal body
weights were decreased). The types of lung and laryngeal lesions at day
9 were similar to those in mice exposed for 5 days. This study showed
that acute inhalation exposure to TMSD caused extensive lung toxicity
in vivo which provides useful information for establishing inhalation
exposure limits and managing exposure risks in the work place. This
abstract does not necessarily represent any NTP policy or determination.

2405 Burn Due to Chemical Inhalation: In Vitro

Experiment in 3D Human Airway Reconstructed
Epithelia on Smoke Components

L. Mathieu3, F. Burgher3, S. Constant1, S. Huang1, A. Hall4,
J. Blomet3, and J. L. Fortin2. 1Epithelix Sarl, Plan Les Ouates,
Switzerland; 2Prevention Medicine Department, Saint Etienne,
France; 3Prevor Laboratory, Valmondois, France; and 4Toxicology
Consulting and Medical Translating Services, Azle, TX.
Introduction: Hydrochloric acid (HCl), ammonia (NH3 / NH4OH) and acrolein are very corrosive and toxic for humans by inhalation, alone or as
part of smoke inhalation. Materials and methods: An experiment was
designed to explore HCl, NH4OH and acrolein toxic doses and effects
on MucilAir, a unique 3D Human Airway Epithelia reconstructed in vitro.
HCl, NH3 and acrolein doses were applied on the epithelia during 20

min to simulate inhalation exposure. The following endpoints were analyzed after 20 min exposure and after 5 days recovery: morphology, LDH,
TEER and CBF. Results: ET50 were determined for the three chemicals.
HCl and NH4OH have a toxic and quick effect (< 10 min) when acrolein
has a late mode of action (~ 2 h) which does not seem to be dependent
on concentration. For a 20 minute exposure, the toxic concentration
of hydrochloric acid is 25 to 50 mM based on morphological analysis
and cell viability. The LDH evaluation is not possible with HCl because
of interaction with enzyme activity. The toxic concentration is 50 to 75
mM and 0,25 to 0,5 mM respectively for ammonia and acrolein based
on good correlation between TEER measurement, LDH activity and cell
viability. Conclusion: MucilAir allows characterizing damage induced
by corrosive and toxic agents such as hydrochloric acid, ammonia and
acrolein and could be a preliminary model to investigate all qualities of
decontamination devices.

kinase activation. High-responding cells exhibited significantly greater
ozone-induced activation of ERK than their low-responding counterparts. While p38 activation was consistent between the two groups, the
inhibition of both the ERK and p38 pathways was required to diminish
ozone-mediated pro-inflammatory gene induction. Using these findings we explored the role of MAP kinase activation in ozone adaptation,
an in vivo phenomenon that occurs during repeated ozone exposure
that is long-observed but poorly understood. Upon repeated exposure,
high-responding cells exhibited pro-inflammatory suppression that
resembled ozone adaptation; however, contrary to previous hypotheses, adaptation did not correlate with increases in antioxidant potential. Instead, we found that activation of ERK, but not p38, is reduced
during repeated exposures and correlated with adaptation. Gaining a
better understanding the molecular mechanisms underlying variability
and adaptation will help refine the prediction and protection of susceptible populations and also lend insight into the health effects of
repeated ozone exposures.

2406 Comparison of Dissolution/Absorption Profiles

M. Malmlöf2,1,, M. Nowenwik1, P. Gerde2,1,, and H. L. Karlsson2.
1Inhalation Sciences, Stockholm, Sweden; and 2Institute of
Environmental Medicine, Stockholm, Sweden.
The increased production and use of nanoparticles lead to an elevated
risk of human exposure and a need for performing risk assessment of a
large number of materials. The most common exposure route is inhalation, and one critical aspect for understanding the risk is knowledge
about the dissolution kinetics in the lungs. Our aim in this study was to
test a recently developed in vitro dissolution system called DissolvIt that
mimics the air-blood barrier in the upper airways, and furthermore, to
generate dissolution/absorption profiles of CuO and Cu nanoparticles.
The PreciseInhale® aerosol generator was used to generate dry powder
aerosols of CuO and Cu nanoparticles and deposit the aerosol on glass
cover slips. Deposited particles represented inhaled particles that were
contacted with a mucus simulant in which they dissolved. The mucus
simulant was adhered to a polycarbonate membrane (0.03 µm pores),
which represents the basal membrane in the airways. On the other side
of the membrane a phosphate buffer containing 4% albumin (pH 7.4)
was pumped, to simulate the blood absorbing dissolved constituents of
the particles. The dissolution was monitored as disappearance of particles from the glass slips using a microscope connected to a camera. The
absorption was studied by analyzing fractions of the perfusate sampled
over time, using inductively coupled plasma mass spectrometry (ICPMS). We found CuO easier to aerosolize than Cu, using the same aerosol
generation protocol and settings. The CuO particles were more easily
de-agglomerated and tended to re-agglomerate less in the aerosol.
Both types of nanoparticles dissolved rather rapidly in the simulated
air-blood barrier and when comparing the two, CuO particles dissolved
faster than Cu. Analysis of the perfusate samples indicated that the
absorption of CuO was also faster than for Cu. Taken together, this study
shows that DissolvIt, until now primarily used for ranking the solubility
of drug candidates, advantageously can be used to provide dissolution/
absorption profiles for manufactured nanoparticles or particles found in
the environment. Further investigations will reveal the full potential of
using DissolvIt as a tool in toxicology research.

2408 Impact of Heat Stress on the Alveolar

Ventilation, Minute Ventilation, and Oxygen
Consumption in Men at Rest

J. Ménard2, A. Marchand2, G. Truchon1, P. Brochu2, and S. Haddad2.
1IRSST, Montréal, QC, Canada; and 2Université de Montréal,
Montréal, QC, Canada.
Environmental conditions have an impact on human physiology. In
some occupations, workers can be exposed to a combination of extreme
heat and humidity during their shift. These particular conditions could
induce physiological changes pertinent to toxicokinetics of chemicals.
Very few observations regarding this topic have been reported in the
literature. For example, some studies report significant variations in
blood flow to organs and in oxygen consumption when subjects are
exposed to heat stress, which could suggest changes in the absorption
and metabolism of xenobiotics. The aim of this study is to determine the
level of change in respiratory rate when male volunteers are under heat
stress in a heat-controlled environment. While sitting in a 18 m3 inhalation room, five healthy young men, aged between 20 and 30 years old,
were exposed to heat and humidity conditions equivalent to wet bulb
globe temperature (WBGT) indices of 21, 25 and 30, over a period of 4
hr. Multiple parameters such as alveolar ventilation (VA), minute ventilation (VE) and oxygen consumption (VO2) were measured using a Qubit
System at different times of the exposure. Core temperature was also
measured throughout exposure with a VitalSense monitor. The results
showed that VA is significantly lower (P < 0,05) at WBGT 30 compared to
WBGT 21 (-25,4 ± 14,6%). VE is also lower at WBGT 30 compared to WBGT
21 (-27,6 ± 11,6%), except for 1 subject. In the case of VO2, most values
are higher when subject were exposed at WBGT 25 compared to WBGT
21 (11,4 ± 7,8%). No significant changes can be observed between
WBGT 21 and 30 because of high variability. However, there is a correlation between VE values and humidity. As the humidity was not constant
among each exposure, it was observed that when the humidity is higher
in the room, VE increases. We conclude that alveolar and minute ventilation rates decrease under heat stress. The correlation between VE values
and humidity suggest that hot and dry air is breathed more difficultly
than cool and humid air. The collected information will be useful for
exposure and risk assessment of VOCs in workers co-exposed to thermal
stress.

2407 Modeling Mechanisms of Susceptibility In Vitro:

Differential Activation of the Map Kinase ERK,
but Not p38, Mediates Variability and Adaptation
in the Pro-Inflammatory Response to Ozone

2409 GAT107, a Novel Ago-PAM of α7 Nicotinic

Acetylcholine Receptor, Restores HyperoxiaCompromised Macrophage Function

E. C. Bowers1, D. S. Morgan2, L. A. Dailey2, D. Diaz-Sanchez2, and
S. D. McCullough2. 1University of North Carolina at Chapel Hill,
Chapel Hill, NC; and 2US EPA, Research Triangle Park, NC.

A. Gauthier. St. John’s University, Forest Hills, NY. Sponsor: L.
Mantell.

Ozone is a ubiquitous ambient air pollutant that causes pulmonary
inflammation upon exposure. The ozone-induced inflammatory
response varies by orders of magnitude and the range of variation in
“healthy” individuals extends beyond that of “susceptible” populations,
as defined by conventional risk factors. To investigate the molecular
mechanisms responsible for this variability, we used an in vitro ozone
exposure model with fully-differentiated primary bronchial epithelial
cells collected from the lungs of a panel of healthy human donors.
We assessed the inter-individual variability in the induction of the
ozone-responsive genes IL-8, IL-6, COX2, and HMOX1 following exposure. Inductions were found to be a reproducible property of replicate
exposures in cultures derived from the same donor. We separated donor
cultures into “high” and “low” responders based on their induction of
IL-8 relative to the group mean. Given that the MAP kinases ERK and
p38 are the primary drivers of the ozone-mediated pro-inflammatory
response, we sought to determine whether the observed variability
in ozone-mediated gene expression was driven by variability in MAP

Alveolar macrophages are the first line of defense against invading
pathogens in the lung. However, exposure to prolonged hyperoxia compromises their ability to phagocytose and kill bacteria. Such exposure
can lead to the release of nuclear HMGB1 into the extracellular milieu,
where HMGB1 acts as a potent proinflammatory cytokine and suppresses macrophage’s functions. The vagus nerve of the autonomous
nervous system regulates anti-inflammatory reflex, and modulates
HMGB1-compromised host defense under hyperoxic conditions via the
downstream target of α7nAchR signaling. Agonists bind to the orthosteric site of α7nAchR and at high concentrations may cause desensitization and can disrupt the endogeous tone of the receptor. Ago-PAM (positive allosteric modulator) of the α7nAchR can synergize and enhance
orthosteric site mediated signaling without disrupting the endogenous
signaling. In this study we tested whether GAT107 (a novel ago-PAM)
can (1) decrease hyperoxia-induced HMGB1 release from macrophages
and (2) improve hyperoxia-compromised macrophage phagocytosis.
RAW 264.7 cells, a macrophage like cell line, were exposed to different
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of CuO and Cu Nanoparticles by Using the In
Vitro Dissolution Ranking Tool DissolvIt®

concentrations of GAT107 prior to exposure to 95% O2. The results show
that GAT107 at concentrations of 1.1 and 3.3μM improved hyperoxia-compromised phagocytic ability of macrophages. In addition, at the
same concentrations that are non-toxic to the cells, it effectively inhibits
oxidative stress-induced release of nuclear HMGB1 to the extracellular
milieu. These data indicate that GAT107 can improve hyperoxia-compromised phagocytosis via inhibiting nuclear HMGB1 release into the
extracellular milieu. Therefore, targeting α7nAchR using GAT107 may be
a possible novel pharmacological agent that can be used to modulate
anti-inflammatory reflex in host-defense against pulmonary infections.

2410 Sulforaphane Improves Hyperoxia Compromised
Phagocytic Function In Macrophages

K. Dial, W. Wu, and L. Mantell. St. John’s University, Jamaica, NY.
Mechanical ventilation with high concentrations of oxygen is typically
used to treat patients with respiratory distress; however prolonged
exposure to hyperoxia can compromise macrophage function, contributing to the development of ventilator-associated pneumonia (VAP).
The present study investigates whether sulforaphane (SUL), an Nrf2 activator, can improve hyperoxia compromised macrophage function. RAW
264.7 cells, a murine macrophage-like cell line, and bone marrow-derived macrophages (BMDM) were exposed to hyperoxia (>95% O2) for
24 hours in the presence or absence of different concentrations of SUL.
Phagocytic activity was significantly increased in the presence of SUL.
A possible explanation for this increase in phagocytic function may be
through activation of the Nrf-2 pathway and subsequent production of
anti-oxidant proteins, which decrease levels of reactive oxygen species
within the cell. Nrf-2 activation may also be linked to inhibition of the
release of High-mobility group box-1 (HMGB1), a cytokine known to
contribute to inflammation and the compromise of macrophage function, into the extracellular matrix. These results suggest that Nrf-2 activators may be possible treatments for acute lung injury in humans.

2411 Dietary Exposure to an Admixture of

Polyphenolics Significantly Reduces
Dimethylnitrosamine (DMN)-Induced
Carcinogenic Changes in Mouse Lungs
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S. D. Ray, K. N. Swanson, K. R. Reynolds, and D. M. Pavon.
Manchester University College of Pharmacy, Fort Wayne, IN.
The American Cancer Society reported ~162,000 deaths and estimated ~224,000 new lung cancer cases in 2015 alone. Prime factors
that precipitate this scenario include air/water pollution, food-borne
toxic exposures, malnutrition, & lack of exercise. Constant encounters
to toxic & nontoxic, particulate & non-particulate materials make the
lungs extremely defenseless to carcinogenic assaults. Although the
lung’s complex anatomy is designed to handle such exposures, a drop in
tissue antioxidant levels can often dictate blatant pathological changes;
therefore, antioxidants appear to serve as impenetrable barriers to safeguard pulmonary cells and tissues. In order to understand the long-term
exposure effects of a powerful antioxidant polyphenolic admixture (PA
= grape seed extract) on the toxic & carcinogenic effects of a potent pulmonary carcinogen DMN, male B6C3F1 mice (4 weeks old) were exposed
to DMN. Animals were divided into four groups (Control; PA alone; DMN
alone, and PA+DMN), and were kept on either control diet or PA-mixed
diet. To initiate lung cancer, DMN & PA+DMN groups were treated
i.p. DMN for 0-8 weeks-5 mg/kg, and 9-12 weeks -10 mg/kg. Animals
were sacrificed at 3, 6, 9 and 12 months. Histopathological evaluation
of PAS-stained lung sections revealed DMN-induced varied neoplastic
lesions (cellular hyperproliferation, foci, diverse nuclear morphology);
in contrast, exposure to PA+DMN significantly reduced carcinogenic
changes & mortality. Serum chemistry & quantitative DNA fragmentation values were unremarkable. Inflammatory cells, hyper-thickening of
basement membranes, hyperproliferation of endothelial cells, distorted
Type-I/Type-II cells & heavy effusions were evident during all stages of
cancer development. Non-small cell lung carcinomas (squamous cell
and large cell) were not easily discernible under the influence of DMN.
Although the initiation, promotion & progression stages were clearly
indistinguishable, specific carcinogenic changes were vivid throughout
the sections. Thus, PA exposure considerably reduced DMN-induced
carcinogenic pathomorphological changes suggesting that continuous
presence of an antioxidant may have played a distinct role in defending
lungs from DMN-effects by interfering with all three stages of cancer
(Suppo. by A&MS Coll of Pharm & HScs, NY).

2412 Recovery Kinetics and Relevance to Human Risk
Assessment of Laryngeal Lesions Induced by
Inhalation of a 2,4-Dichlorophenoxyacetic Acid
Dust Aerosol

C. R. Fleming1, J. A. Hotchkiss2, M. P. Bell2, K. L. Hutchinson2, J.
Thomas2, and R. Rasoulpour1. 1Dow AgroSciences, Indianapolis, IN;
and 2The Dow Chemical Co., Midland, MI.
Repeated inhalation of 2,4-D acid (dust) aerosol leads to portal-of-entry
effects in the rat larynx including epithelial hyperplasia, focal squamous
metaplasia and hyperkeratosis, and mixed inflammatory cell influx. An
initial study revealed concentration dependent effects at all concentrations (0.05 to 0.30 mg/L) after 28-days of exposure, with incomplete
recovery occurring in the high exposure group after a 4-week recovery
period. A focused, follow-up study explored the kinetics of recovery at
lower exposure concentrations. Crl:CD(SD) rats were exposed nose-only
for 4 weeks to 0, 0.05, 0.1, or 0.3 mg 2,4-D/L, and subgroups were evaluated at the end of exposure, or after a recovery period of 1, 2 or 4 weeks
recovery. Effects observed in the follow-up study were similar to the
initial study both in the type of effect as well as the exposure response.
Squamous epithelial hyperplasia was resolved within the first week of
recovery in all exposure groups. Hyperkeratosis resolved within 1 week
for 0.05 mg/L, 2 weeks for 0.1 mg/L, and 4 weeks for 0.3 mg/L 2,4-D
exposure groups. Squamous metaplasia and inflammation also showed
substantial recovery with reductions in incidence and severity of lesions
occurring by 1-week recovery and continuing throughout the recovery
period. Lesions were reduced in severity to non-adverse changes only
in the 0.05 and 0.1 mg/L by the end of recovery. Based on the rapid
recovery of the effects, 0.1 mg/L was considered to be the NOAEC for
portal-of-entry laryngeal effects in the rat following inhalation exposure to 2,4-D acid aerosol. The observed lesions are commonly observed
in the rat following inhalation of irritating substances. The rat larynx is
more sensitive to irritation following aerosol inhalation than the human
larynx due to anatomical differences between species. The results of the
two inhalation studies on 2,4-D will be presented, and their relevance
and appropriate use in human health risk assessment will be considered both in terms of relevance of the interspecies extrapolation and
relevance to the various human inhalation scenarios associated with
herbicide usage.

2413 Ethyl Nitrite Suppresses Ozone-Induced Pro-

Inflammatory Macrophage Activation and Lung
Injury

S. Taylor, M. Francis, A. Venosa, A. Murray, A. J. Gow, J. Laskin,
and D. Laskin. Rutgers University, Piscataway, NJ.
Ozone (O3) is a criteria air pollutant known to cause injury to the lung.
Evidence suggests that proinflammatory macrophages contribute
to ozone toxicity. In these studies we analyzed potential mechanisms
regulating macrophage activation in the lung following ozone exposure. Ethyl nitrite (ENO) is known to effectively S-nitrosylate and suppress the activity of proteins including NF-κB, a transcription factor that
is important in proinflammatory macrophage activation. Mice were
exposed to air or O3 (0.8 ppm) for 3 hr followed 30 min later by intranasal administration of ENO (0.0125%, 50 μL). Mice were euthanized
48 hr later. Alveolar macrophages (AM) were collected by bronchoalveolar lavage (BAL); tissue associated macrophages (TM) were collected
by digestion of the tissue with collagenase followed by selection for
F4/80 expression by magnetic beads. AM and TM were analyzed by flow
cytometry for the integrins Cd11b (migration) and Cd11c (mature pulmonary) and the activation, Ly6G and Ly6C. In air-exposed mice, AM
are predominantly Cd11c+Cd11b-Ly6C-Ly6G-, while the majority (70%)
of TM are CD11c+CD11b+Ly6G-Ly6C-. O3 caused a 20% decrease in
expression of Cd11b within TM, while increasing Ly6C expression in AM
by 90%. Additionally, within TM a Cd11b+Cd11c+Ly6int population was
observed following O3 exposure. ENO treatment resulted in decreased
expression of Ly6C within AM in response to ozone, a response correlated with reduced BAL protein levels. Conversely, ENO had no significant effect on the phenotype of TM. Ly6G expression remained low
and was unaltered by exposure to O3 or ENO in either TM or AM. Taken
together, these data demonstrate that O3 causes pro-inflammatory
activation of both AM and TM as determined by Ly6C expression. ENO
suppressed this activation in AM but not TM, while reducing injury suggesting that AM are key to O3 induced pulmonary injury. (Supported by
NIH grants ES004738, T32ES007148, AR055073, HL086621, and ES005022)

2414 The Influence of SPARC on Collagen Deposition
E. Putnam, and F. Rhoderick. University of Montana, Missoula, MT.
Sponsor: A. Holian.
The adverse health effects of exposure to asbestos are widely known
and have been well documented. When a person is diagnosed with
asbestosis, a chronic lung disease caused by inhaling asbestos fibers,
few treatment options exist, none of which halt or reverse the progression of the disease. The rapidly growing field of gene therapy offers
new avenues for potential treatments worthy of investigation. The
detrimental effects of asbestos exposure are due to the physiological
response of the lungs to asbestos fibers in the form of fibrosis, a result
of excess extracellular collagen deposition. A protein called SPARC
(Secreted Protein Acidic and Rich in Cysteine) has been identified in previous studies as being a matricellular protein involved in the fibrotic
response following asbestos exposure. Using the principle of RNA
interference, we aimed to knock down the expression of SPARC in our
studies, hypothesizing that a reduction in SPARC expression would yield
a reduction in fibrosis. In our in vitro experiments, we prepared several
viral constructs containing a SPARC-specific short hairpin RNA (shRNA),
and identified the most effective construct using primary mouse lung
fibroblasts. The most effective construct was used to infect asbestos-exposed and control mice. The presence of fibrosis was measured in three
distinct ways: histologically to visually observe the presence of fibrosis,
using RT-PCR to measure the presence of SPARC mRNA, and immunoblotting to measure the presence of collagen. We observed that the
mice treated with the SPARC shRNA containing virus experienced less
fibrosis, and had less SPARC mRNA and collagen present in their lungs
than control mice. These studies have been extending to investigate
the in vivo expression of SPARC and proteins in the TGF-beta signaling
cascade in SPARC-null and matched wild-type mice after asbestos exposure. These studies are supported by ES022396 and RR017670.

2416 Physiologically-Relevant Oxygen Tension

Recapitulation Alters Toxicogenic Response to
Acrolein in H9c2 Cardiac Cells

J. Coyle2, R. Rinaldi1, M. Bourgeois2, G. Johnson2, J. McCluskey2,
and R. Harbison2. 1University of South Florida, College of Arts and
Sciences, Tampa, FL; and 2University of South Florida, College of
Public Health, Tampa, FL.
Typically, cell and tissue culture gaseous conditions, 5% CO2 and 95%
air, do not recapitulate physiological norms for ambient 20.9% oxygen.
In the rat myocardium, the mean tissue oxygen tension is as low as 25
± 1 mmHg (3.2 ± 0.01%), a vastly lower value than oxygen concentrations in cell culture (20.1%). This investigation examined the modulation
of acrolein response in physiologically-relevant oxygen adapted H9c2
cells, compared to standard culturing conditions. After differentiation
for 5 days in retinoic acid-supplemented low-serum (1% v/v) DMEM,
H9c2 cells were treated for 30 minutes with varying concentrations of
acrolein (1-250 μM) in low-serum DMEM, followed by exchange to acrolein-free medium prior to viability assessment via the MTT reduction
assay 24-hours post-treatment. Secondarily, treatment and wash-out
media were altered to reduce, or supplement, glucose, pyruvate, glutamine, and glutamate to concentrations relevant for physiological rat
blood (RP) media. H9c2 cells cultured under 5% oxygen demonstrated
significantly reduced viability loss (75 ± 6%) when treated with 25 μM
acrolein in low-serum DMEM (20.1% oxygen viability: 20 ± 5%), as well as
enriched (1.0 and 2.5 mM) pyruvate-enriched RP media (Viability of 5%
versus 20.1% oxygen: 88 ± 4% and 27 ± 4%, respectively). Enrichment
of glutamine (5.0 mM) and glutamate (1.0 mM) significantly retained
H9c2 MTT reduction capacity two hours post-treatment, but did not
offer rescue at 24 hours. Scavenging of acrolein by pyruvate did not
contribute to the cellular rescue. These results suggest that low-oxygen
culturing confers a metabolic reprogramming, which can significantly
confound the interpretation of cytotoxicity in in vitro viability assays
when cells are cultured under physiologically-irrelevant conditions.

2415 Suppression of Bleomycin-Induced Pulmonary

J. G. Gow, S. Taylor, A. Murray, R. Malaviya, A. Venosa, A. J. Gow, J.
Laskin, and D. Laskin. Rutgers University, Piscataway, NJ.
Pulmonary fibrosis is a potential complication of acute lung injury and
chemotherapy that can be modeled in mice by intratracheal instillation of bleomycin (ITB). TNFα is a macrophage-derived cytokine known
to contribute to lung injury and fibrosis. In these studies, we analyzed
the effects of blocking TNFα on bleomycin-induced lung injury, macrophage activation and pulmonary fibrosis. Anti-TNFα (125 μg) was
delivered i.v. every 5 days post ITB (3 U/kg) administration. Mice were
euthanized 7-21 d later. ITB caused a time related decrease in body
weight which was mitigated by anti-TNFα treatment. Anti-TNFα antibody also reduced inflammation at day 7 and fibrosis at day 21, as
assessed histologically by H & E and trichrome staining. To determine
if these changes were associated with altered macrophage activation,
tissue-associated macrophages (TM) were isolated from the lung by collagenase digestion and magnetic bead selection of F4/80+ cells. The
phenotype of TM was characterized by flow cytometry examining the
integrins Cd11b (migratory) and Cd11c (mature pulmonary), mannose
receptor (MR) and Ly6c (pro-inflammatory). In control mice TM are
observed to be Cd11c+Ly6C-MR+ and 70% Cd11b+. Seven days post
ITB there was a significant increase in Ly6C expression but a loss of MR;
at 21 days there was a significant increase in Cd11c+Cd11b+MR+ cells.
Anti-TNFα increased both MR and Cd11b expression at 7 days relative
to ITB alone; however, at 21 days post treatment MR, CD11b and Ly6C
expression were reduced. These data demonstrate that ITB causes a persistent accumulation of activated macrophages in the tissue which we
speculate contribute to pulmonary fibrosis. Moreover, anti-TNFα accelerates anti-inflammatory activation of TM in response to ITB resulting in
improved inflammatory resolution and reduced fibrosis. (Supported by
NIH Grants HL087761, AR055073, T32ES007148, ES004738 and ES005022)

2417 Investigation of the Cancer Mode-of-Action for
Ni Using a 3D In Vitro Inhalation Rat Model

I. M. Kooter2, F. van Acker4, M. Grollers-Mulderij3, and A. Oller1.

1NiPERA, Durham, NC; 2TNO, Utrecht, Netherlands; 3TNO, Zeist,

Netherlands; and 4Triskelion, Zeist, Netherlands. Sponsor: A.
Dankers.

Studies among nickel-exposed workers indicate differences in potency
for respiratory cancer induction for the various forms of nickel(Ni)-containing substances. Rodent inhalation cancer bioassay data also show
differences in carcinogenic potency. In order to understand the underlying mechanism(s) of nickel induced carcinogenesis, short-term in vivo
inhalation studies have been performed (Efremenko et al., 2014). To
gain further insight in the mechanisms involved, in vitro studies with
a novel 3D-airway model from rat origin (same strain used in animal
studies) are being conducted to facilitate the optimal translation from in
vitro to in vivo. The main goal of this multi-phase project is to compare
the in vitro and in vivo responses for the rat, identify key parameters in
the in vitro system that predict the in vivo toxicity and carcinogenicity
of nickel compounds, and to compare the responses between the rat
and the human 3D models. During the method development phase of
the project, rat 3D MucilAir (MucilAir-Rat-RF co-culture with fibroblasts)
inserts were exposed to droplets of Ni sulfate (1.3, 4.0, and 12 mM) and
Ni subsulfide (10, 30, 90 µg/cm2) and analyzed for their toxicological
response (membrane integrity (TEER), cytotoxicity (LDH), inflammatory response (cytokines), oxidative stress (HO-1), genotoxicity (Comet
assay) and proliferation/apoptosis). In addition, the presence of nickel
in the cells was visualized using the Newport Green dye staining and
analyzed in cytoplasm and nucleus using ICP-MS analyses. Exposure to
Ni sulfate induced a clear dose response in the following parameters:
TEER, LDH, cytokines (IL-6, GRO) and HO-1. Exposure to Ni subsulfide
resulted in a clear dose response in the following parameters: TEER,
LDH, cytokines (IL-6, MCP-1, GRO, MIP-2) and HO-1. No primary DNA
damage was observed (Comet assay) following exposure to Ni sulfate or
Ni subsulfide. We conclude that the rat 3D MucilAir model shows a clear
dose response for various toxicological parameters upon exposure to
Ni sulfate and Ni subsulfide. This 3D model proved suitable for the next
step of the project, where Ni compounds will be delivered through air
exposures and changes in gene expression will be investigated.
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Fibrosis and Lung Macrophage Activation
by Anti-Tumor Necrosis Factor-alpha (TNFα)
Antibody

2418 Assessing the Translocation of Silver

Nanoparticles Using an In Vitro Co-Culture Model
of Alveolar-Capillary Barrier

F. Zhang, and E. D. Bruce. Baylor University, Waco, TX.
Since the lung is a major targeted organ for nanoparticles (NPs) exposure, the authors have developed a novel in vitro co-culture model of
the alveolar-capillary barrier to track the translocation of NPs for potential drug delivery. Human bronchial epithelial cells Calu-3, differentiated Thp-1 and microvascular endothelial cells EA.hy926 were grown
on apical and basolateral sides of microporous membrane supports
in a two-chamber system. Calu-3 cells, with high TEER development,
enabled a robust and tight barrier similar to in vivo conditions. Silver
nanoparticles (AgNPs) were used as a model nanoparticle system.
AgNPs of 50 nm in diameter with tannic acid coating were monitored
after being introduced to the co-culture models. Movement of AgNPs
across the modeled barrier and any resultant cytotoxicity were quantitatively evaluated. Results revealed the ability of AgNPs to translocate
through multiple layered barriers at both 4ºC and 37ºC, indicating cellular uptake via both passive diffusion and active transport. Cytotoxicity
of AgNPs was observed in cells from both compartments in tri-culture
models regardless of concentration or temperature. This differs from
the response of these same cells in monoculture or bi-culture. The sensitive response from tri-culture models was most representative of in
vivo conditions, due in part to secretion of pro-inflammatory mediators
by macrophage-like differentiated Thp-1 cells upon AgNPs exposure.
To evaluate the permeability of microporous membranes, the particle
retention was evaluated for AgNPs into the basolateral region of the
system. Altogether, the chosen cell lines interacted and presented a
functional alveolar-capillary barrier that is more physiologically relevant
for nanoparticle translocation studies. This novel tissue model provides
researchers with a system for evaluating translocation, cellular trafficking, uptake, and novel drug delivery systems.

2419 Crotonaldehyde Induces Autophagy in BEAS-2B
Cells via Inhibition of PI3K/Akt/mTOR Pathway
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X. Li3, L. Wang1,2,, K. Liu3, F. Xie3, H. Liu3, and J. Xie3. 1Dalian Institute
of Chemical Physics, Chinese Academy of Sciences, Dalian, China;
2University of Chinese Academy of Sciences, Beijing, China; and
3Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou,
China. Sponsor: R. Meng.
Crotonaldehyde is a ubiquitous and hazardous pollutant in the environment. It is a toxic irritant to respiratory tract, eye and skin, which
can react with cellular electrophiles, form DNA adducts and protein
modifications. Crotonaldehyde has been reported to induce oxidative
stress and adaptive mechanisms in different cell lines. However, little
is known about the effects of crotonaldehyde on autophagy. In the
present study, we examined whether crotonaldehyde induced autophagy in human bronchial epithelial cells BEAS-2B, and determined the
alterations of PI3K/Akt/mTOR pathway, as well as validating the effects
of PI3K/Akt/mTOR pathway on autophagy in BEAS-2B exposed to crotonaldehyde. BEAS-2B cells were cultured in the absence or presence
of different concentrations of crotonaldehyde, and the effects of crotonaldehyde on autophagy and autophagic flux were determined by
the immunofluorescence and western blot assays, and the alterations
of PI3K/Akt/mTOR pathway were detected and validated by the western
blot assay. The results showed that the number of autophagosomes and
the expression of LC3B-II were elevated significantly in BEAS-2B cells
exposed to crotonaldehyde. Meanwhile, the pretreatment of bafilomycin A1 further enhanced the expression of LC3B-II, and crotonaldehyde down-regulated SQSTEM1/p62 expressions in a dose-dependent
manner. Crotonaldehyde down-regulated the levels of phospho-PI3K,
phospho-Akt, phospho-mTOR, phospho-p70 S6K and phospho-4E-BP1.
Furthermore, the pretreatment of IGF-1 (a specific agonist of PI3K) significantly inhibited the elevation of LC3B-II expression. These results
suggest that crotonaldehyde induces autophagy in BEAS-2B cells via the
inhibition of PI3K/Akt/mTOR pathway.

2420 Dispersion of Atmospheric Contaminants from a
Marcellus Shale Gas Well

T. Knuckles3, M. Nye3, A. Dzomba3, J. Barre3, B. Yan1, J. Ross1, A.
Kolker2, W. Orem2, M. Varonka2, and M. McCawley3. 1Columbia
University, Palisades, NY; 2US Geological Survey, Reston, VA; and
3West Virginia University, Morgantown, WV.
Unconventional natural gas development (UNGD) in the Marcellus
Shale formation has reached an all-time high in recent years. As such,
many Appalachian communities are experiencing increased industrial
activities and possible air pollutant exposures from nearby shale gas
extraction activities. In general, elevated concentrations of particulate
matter (PM) in the fine (<2.5 µm, PM2.5) and ultrafine (<0.1 µm, PM0.1)
size ranges have been documented in areas surrounding drilling operations during well stimulation (hydraulic fracturing). Epidemiological
studies have associated emissions from UNGD with health effects,
based on distances from the well pads. In this study, we collected PM2.5
onto PTFE filters over 2 days during hydraulic fracturing at a Marcellus
Shale gas well pad in Morgantown, WV. Concurrent samples were taken
downwind of the well pad at 1, 2, and 7 km distances. These filters were
analyzed for trace metal content via inductively coupled plasma mass
spectrometry (ICP-MS). Simultaneous direct-reading 1 min PM2.5 mass
measurements were also performed at each site (n=10,000/site). Mass
readings from the gas well pad during hydraulic fracturing were as high
as 300 µg/m3, with 1 min averages over one week of 12 µg/m3. The
total average of the other three sampling sites was 6 µg/m3. Our study
found little correlation between direct mass measurements and spikes
in emissions, primarily sourced from stationary pumps and generators
burning diesel fuel on the well pad. However, using trace metal analysis
(e.g. V, Fe), we were able to determine that the emitted plume traveled
downwind as far as our 7 km sampling station. Furthermore, these data
suggest that, although mass measurements return to background at
a 1 km distance from the well pad, exposure to emitted dust from the
fracture-stimulation process occurs much further out. These data appear
to draw a parallel finding to epidemiological studies showing effects of
UNGD as far as 15 km out. Future studies will determine relative toxicity
of the PM2.5 from the well pad during hydraulic fracturing.

2421 Air Pollution-Mediated Effects on Insulin

Resistance in Normal Diet Fed Animals Are
Independent of CCR2

C. Liu4, X. Xu1, Y. Bai1, J. Zhong3, A. Wang1, L. Sun2, L. Kong4, Z. Ying3,
Q. Sun1, and S. Rajagopalan3. 1Ohio State University Columbus,
Columbus, OH; 2The Affiliated Hospital of Chengde Medical
College, Chengde, China; 3University of Maryland, Baltimore, MD;
and 4Zhejiang Chinese Medical University, Hangzhou, China.
Chronic exposure to fine ambient particulate matter (PM2.5) induces
insulin resistance. CC-chemokine receptor 2 (CCR2) appears to be essential in diet-induced insulin resistance implicating an important role for
systemic cellular inflammation in the process. We have previously suggested that CCR2 is important in PM2.5 exposure-mediated inflammation
leading to insulin resistance in the context of a high fat diet. The present
study assessed the importance of CCR2 in PM2.5 exposure-induced
insulin resistance in the context of normal diet. Wild type and CCR2-/mice were subjected to exposure to concentrated ambient PM2.5 or filtered air for 6 months. In wild-type mice, concentrated ambient PM2.5
exposure induced whole-body insulin resistance, systemic inflammation, and gluconeogenesis in the liver. While CCR2 deficiency reduced
adipose macrophage content and circulating inflammatory monocytes
in the PM2.5-exposed animals, it did not significantly improve systemic
and hepatic insulin resistance. This lack of improvement in insulin resistance was paralleled by increased hepatic expression of genes in gluconeogenesis and inflammation. CCR2 deletion failed to attenuate PM2.5
exposure-induced insulin resistance in mice fed on normal diet. Counter
regulatory responses involving gluconeogenesis and non-CCR2 mediated inflammation in the liver attributable to air pollution may mediate
continued hyperglycemia and insulin resistance in the absence of CCR2
deficiency.

2422 Emission of Carbon Monoxide from Wood Pellets
G. Johanson, J. Ljungberg, and U. Svedberg. Karolinska Institutet,
Stockholm, Sweden.
Background: Due to the production process, wood pellets emit carbon
monoxide (CO) in large quantities. This makes handling of pellets
serious health hazard with risk of acute CO intoxication and several fatalities have occurred. We investigated factors that might influence the
CO emission from wood pellets. Method: CO in the air above 1-4.5 kg

2423 Influence of Airflow with Generation Output

over a Range of Nebulisers Used in Non-Clinical
Studies

S. A. Moore, and E. L. Moore. Envigo, Huntingdon, United
Kingdom.
The generation output from 25 different nebulisers across >120 pre-clinical inhalation studies were reviewed. The output from the nebuliser
was compared against 3 configurations:- 1) All supply air through the
nebuliser 2) Supply air through the nebuliser and supplementary diluent
air 3) Supply air through the nebuliser and an open system relying on
the extract to draw the air past the animals The 50 studies for the Medex
Aeromist nebuliser gave a generation output (8-24 mL/hr) over a range
of airflows (15 to 50 L/min). The R2 value for Configuration 1 was 0.8599
over the range of aerosol and formulation concentrations and compositions. The R2 value increased to 0.8815 for configuration 2 and 0.9522
for configuration. Data from 20 other jet nebulisers showed a similar
relationship unless limited by the maximum generation airflow that can
be achieved through the device. An assessment was also conducted
to establish whether multiple jet nebuliser used concurrent influenced
the output (6 studies). This established that the generation output was
similar to that presented for single nebuliser exposure systems. The
generation output from 4 different mesh nebulisers were also evaluated across 21 studies and varied between 6 to 24 mL/hour at the same
airflow depending on the formulation (solution or suspension) and formulation strength. The output decreased with increasing formulation
strength but was independent of the number of nebulisers attached to
the exposure system. Throughout this data evaluation, the overall test
article usage from individual exposures varied <5%. Any change in the
generation output rate would be observed in a change in the volume
of formulation in the nebuliser. In conclusion, the generation output
from jet nebulisers was not influenced by the formulation composition
but the inclusion of supplementary air and the use of an open exposure
system. The generation output from the mesh nebulisers was widely
variable depending on formulation and formulation strength.

process were used to calculate modified combustion efficiency (MCE)
and emission factors (EFs). Average MCEs were 73% during smoldering
and 98% during flaming phases. Additionally, EF CO, EF CO2, and EF
PM correlated well with MCE. On an equal-mass basis, the extractable
organic matter from the peat, pine, and eucalyptus flaming PM had the
highest mutagenic potencies; similarly, the lung toxic potencies of the
peat and eucalyptus flaming PM were greater than those of respective
smoldering PM. However, after adjusted for the emitted PM mass (i.e.,
real-life smoke exposure situations), the mutagenicity and lung-toxicity emission factors were higher for the smoldering than the flaming
emissions, with the highest emission factors being exhibited by the pine
needles for mutagenicity and eucalyptus for lung toxicity. These results
demonstrate that (1) the different fuel types and combustion phases can
dramatically alter the emissions characteristics, mutagenicity, and lung
toxicity; (2) the present combustion system can be used for health-risk
assessment from inhalation exposure to various types of wildfire smoke;
and (3) smoldering emissions produce greater toxicity emission factors
than do flaming emissions. (Abstract does not represent official US EPA
policy).

2425 Differential Cardiac Effects in Rats Exposed to
Atmospheric Smog Generated from Isoprene
Versus Toluene

M. S. Hazari2, K. Stratford1, T. Krantz2, C. King2, J. Krug2, L.
Thompson2, A. Farraj2, and I. Gilmour2. 1University of North
Carolina at Chapel Hill, Chapel Hill, NC; and 2US EPA, Research
Triangle Park, NC.
Photochemical smog, which is a complex mixture of primary and secondary air pollutants including secondary organic aerosols (SOA),
ozone, sulfur dioxide and reactive aldehydes has recently been linked
to increased risk of adverse cardiac responses. The components and
related health effects of smog are thought to be determined both by
the precursor chemicals and reaction conditions. Here we examined the
difference between isoprene- (IS-) and toluene- (TS) generated smog in
causing cardiac effects in rats and hypothesized that both atmospheres
would cause cardiac electrical and functional changes. Wistar-Kyoto rats
were exposed to either smog or filtered air for 4 hours. IS contained
660ppb NO2, 335ppb O3, and 178µg/m3 SOA while TS had 380ppb NO2,
250pbb O3, and 1,250µg/m3 SOA. One day later left ventricular functional responses to dobutamine were measured using a Millar probe
and arrhythmic sensitivity to aconitine. Baseline left ventricular pressure
(LVP) was lower in TS-exposed animals but not IS when compared to air.
Increases in LVP with increasing doses of dobutamine were impaired
only in TS-exposed rats. Both IS and TS impaired the rate of ventricular
relaxation (dP/dTmin) during administration of dobutamine whereas
contractility (dP/dTmax) was not significantly different. Finally, TS significantly increased aconitine-induced arrhythmia whereas IS only
showed a trend. The results of this study show that a single exposure
to either IS- or TS-generated smog causes acute cardiac effects in rats.
Although the functional responses likely do not represent serious or
permanent underlying deficits, it is clear that smog derived from TS is
far more potent in causing arrhythmia than IS. Current work is aimed at
linking the degree of cardiopulmonary health effects with differences in
chemical species formed by the two different atmospheric conditions.
(This abstract does not reflect US EPA policy).

2426 Nrf2-Keap1 Signaling and Implications for the
Metabolic Activation of Nitroarenes

2424 Differential Mutagenicity and Lung Toxicity of
Smoldering Versus Flaming Emissions from a
Variety of Biomass Fuels

Y. H. Kim2, S. Warren2, T. Krantz2, C. King2, R. Jaskot2, W. Preston1, M.
Hays2, M. Landis2, M. Higuchi2, D. DeMarini2, and I. Gilmour2. 1CSSDynamac, Durham, NC; and 2US EPA, Research Triangle Park, NC.
Wildfire smoke properties change with combustion conditions and
biomass fuel types. However the specific role of wildfire conditions
on the health effects following smoke exposure are uncertain. This
study applies a novel combustion and smoke-collection system to
examine emissions from multiple biomass fuel types (red oak, peat,
pine needles, pine, and eucalyptus) firing under different combustion
phases (flaming and smoldering). The combustion system sustains
flaming or smoldering phase for up to 60 min and uses multi-stage,
cryogenically cooled impingers to capture particulate matter (PM) and
semi-volatile organic compounds from the smoke emissions. Biomass
smoke PM was extracted and assessed for mutagenicity in Salmonella
strains TA100 and TA98 +/-S9, as well as lung toxicity in mice via oropharyngeal aspiration. Carbon dioxide (CO2), carbon monoxide (CO),
and PM concentrations monitored continuously during the combustion

Murray4,

J.
M. Huang4, C. Mesaros4, V. Arlt2, K. El-Bayoumy3, A.
Seidel1, I. Blair4, and T. Penning4. 1Biochemical Institute for
Environmental Carcinogens, Grosshansdorf, Germany; 2King’s
College London, London, United Kingdom; 3Penn State College
of Medicine, Hersey, PA; and 4University of Pennsylvania,
Philadelphia, PA.
Diesel engine exhaust (DEE) is listed as a Group 1 Carcinogen by the
International Agency for Research on Cancer and contributes to occupational and environmental causes of lung cancer. Nitrated-polycyclic
aromatic hydrocarbons, or nitroarenes, are major constituents of DEE
and are detected in ambient air pollution. Nitroarenes require metabolic
activation to exert their mutagenic and tumorigenic effects. NQO1 is
considered the primary nitroreductase in the metabolic activation of
nitroarenes. However, AKR1C3 displays nitroreductase activity towards
the cancer chemotherapeutic agent PR-104A and so we sought to
determine whether AKR1C subfamily members contribute to toxification of nitroarenes. We have determined that AKR1C1-1C3 catalyze the
nitroreduction of 3-nitrobenzanthrone, a representative nitroarene,
using discontinuous UV-HPLC assays. Another representative nitroarene
6-nitrochrysene has the unique characteristic that it can be activated by
both monooxygenation and nitroreduction. Here we demonstrate that
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pellet stacks was recorded every 5 minutes up to 2 months with electrochemical detectors (EL-USB-CO, Lascar Electronics). The pellets were
kept in gas tight containers with or without controlled mechanical ventilation with clean air. Ten different brands/batches from six Swedish
suppliers were tested. In short term experiments (1-3 days), we investigated the influence of aging, temperature, air humidity, irrigation and
pellet surface area (large vs small and intact vs grinded pellets) on the
CO emission. Results: The CO emission differed up to 8-fold between
brand/batches. In the ventilated setups, the emission peaked after
several days and then declined slowly reaching about one third after
two months. However, even after two months the emission remained
significant with half times of more than one month. Freshly produced
pellets initially emitted far more CO than stored pellets from the same
batch. The emission increased markedly with increased temperature,
air humidity, and irrigation. No influence of pellet surface area was seen.
Generally, the CO level reached several hundred ppm within a few hours
in the unventilated setups. For comparison, the ACGHIH TLV (8-h TWA)
is 25 ppm. Conclusions: Entrance in a pellet storage with no or poor
ventilation entails an impending risk of intoxication. Moreover, previous
experiences may be deceptive, as the CO level, besides ventilation rate,
varies by orders of magnitude depending on pellet brand, age, temperature and humidity. More in-depth studies are needed to better understand the variability and how the emission can be reduced.

AKR1C1-1C3 display dihydrodiol dehydrogenase and nitroreductase
activity towards 6-nitrochrysene-1,2-dihydrodiol. The nitroreduction of
diverse nitroarenes by AKR1C enzymes suggest that they may play a
role in the activation of these diesel exhaust carcinogens. Notably both
NQO1 and the AKR1C genes are highly induced by Nrf2-Keap1-ARE signaling, suggesting that the antioxidant response may not be entirely
protective in the context of DEE exposures. We have demonstrated that
AKR1C1-1C3 are highly upregulated by Nrf2 inducers R-sulforaphane
and 1[2-Cyano-3,12-dioxooleana-1,9(11)-dien-28-oyl]imidazole in
immortalized human bronchial epithelial cells which raises the question
of whether these potential chemopreventative agents may upregulate
metabolic activation of nitroarenes. Bioreactive intermediates produced
during the metabolic activation of nitroarenes can further upregulate
expression of antioxidant response genes, indicating that nitroarenes
may also induce their own metabolism via Nrf2-Keap1-ARE signaling.

2427 Respiratory Effects and Systemic Stress

Response following Acute Acrolein Inhalation in
Rats

S. J. Snow3, M. A. McGee1, A. Henriquez2, J. E. Richards3, M. C.
Schladweiler3, A. D. Ledbetter3, and U. P. Kodavanti3,2,. 1ORISE,
Durham, NC; 2University of North Carolina at Chapel Hill, Chapel
Hill, NC; and 3US EPA, Durham, NC.
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Previous studies have demonstrated that exposure to ozone, a pulmonary irritant, causes myriad systemic metabolic and pulmonary effects
that are attributed to neuronal and hypothalamus-pituitary-adrenal
(HPA) axis activation, which are exacerbated in metabolically-impaired
models. In order to elucidate the systemic consequences and the contribution of the HPA axis in mediating metabolic and respiratory effects
of acrolein, a sensory irritant, we examined pulmonary, nasal, and systemic effects in rats following exposure. Male, 10 week old Wistar and
Goto Kakizaki (GK) rats, a non-obese type II diabetic Wistar-derived
model, were exposed to 0, 2 or 4 ppm acrolein, 4h/day for 1 or 2 days.
Acrolein exposure at 4 ppm significantly increased pulmonary and nasal
damage in both strains as demonstrated by increased inspiratory and
expiratory times indicating labored breathing, elevated biomarkers of
injury, and neutrophilic inflammation. Overall, at both time points acrolein exposure caused noticeably more damage in the nasal passages as
opposed to the lung with vascular protein leakage occurring only in the
nose. Acrolein exposure (4 ppm) also led to metabolic impairment by
inducing hyperglycemia and glucose intolerance (GK>Wistar) as indicated by glucose tolerance testing. In addition, serum total cholesterol
(GKs only), LDL cholesterol (both strains), and free fatty acids (GK>Wistar)
levels increased; however, no acrolein-induced changes were noted in
branched-chain amino acid (BCAA) or insulin levels, which have previously been reported following ozone exposure. These responses corresponded with a significant increase in corticosterone and modest
but insignificant increases in adrenaline, suggesting activation of the
HPA axis. Collectively, these data demonstrate that acrolein exposure
has a profound effect on nasal and pulmonary injury/inflammation, as
well as glucose and lipid metabolism, with the systemic effects intensified in the metabolically-impaired GK rats. These results are similar to
ozone-induced responses with exception of lung protein leakage and
the ability to alter BCAA and insulin levels, suggesting some differences
in reflex neural regulation of these two air pollutants. (This abstract does
not reflect US EPA Policy).

2428 Strain Differences in a Murine Model of Air

Pollutant-Induced Non-Atopic Asthma and
Rhinitis

J. R. Harkema, D. N. Jackson-Humbles, L. A. Hotchkiss, N. A. Vetter,
R. P. Lewandowski, and J. G. Wagner. Michigan State University,
East Lansing, MI.
Ozone is an irritating gas found in photochemical smog. Epidemiological
associations have been made between the onset of asthma and childhood exposures to increasing levels of ambient ozone (i.e., air pollutant-induced non-atopic asthma). Individuals, however, vary in their susceptibility to this outdoor air pollutant which may be due, in part, to their
genetic makeup. The present study was designed to test the hypothesis
that there are murine strain-dependent differences in pulmonary and
nasal pathologic responses to repeated ozone exposures. C57BL/6NTac
and BALB/cNTac mice were exposed to 0 or 0.8 ppm ozone, 4 h/day,
for 9 consecutive weekdays. One day after the end of the inhalation
exposures, mice were sacrificed and bronchoalveolar lavage fluid (BALF)
was collected for cellular and biochemical analyses. Nasal and lung
tissues were processed for histopathologic examination, digital quantitative pathology (morphometry) and molecular analyses (qRT-PCR).
In both strains of mice, ozone induced eosinophilic inflammation and
mucous cell metaplasia in the nasal and pulmonary airways. Lungs of

ozone-exposed C57BL/6NTac mice, however, had greater eosinophilic
inflammation, mucous cell metaplasia, and expression of genes related
to type 2 immunity and airway mucus hypersecretion, as compared to
similarly exposed BALB/cNTac mice. Ozone-exposed C57BL/6NTac mice
also had greater eosinophilic rhinitis, but a similar degree of mucous
cell metaplasia in nasal epithelium, as ozone-exposed BALB/cNTac mice.
These findings suggest that non-atopic individuals may differ in their
inflammatory and epithelial responses to repeated ozone exposures
that are due, in part, to genetic factors. (Research was supported by US
EPA RD83479701 and NIH T35OD016477)

2429 Hydroxyoleic Acid, but Not Oleic Acid, Inhibits
Pharmacologic Vascular Responsiveness in
Isolated Aortic Tissue

V. L. Bass1,2,, S. J. Snow2, U. P. Kodavanti2, and M. C. Madden2.
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and
2US EPA, Research Triangle Park, NC.
Oleic acid (OA) and other fatty acids can become abundant in the systemic circulation after air pollution exposure as endogenously released
lipolysis byproducts or by entering the body as a component of air pollution. Vascular damage has been observed with OA infusion, but it is
not yet established whether increased circulating OA is able to produce
the type of adverse cardiovascular effects associated with exposure to
air pollution, or the mechanisms involved with such damage. Based on
responses observed upon exposure of cultured endothelial cells, we
hypothesized that OA and a hydroxylated metabolite (12-OH OA) would
increase vascular tissue injury and impair vascular reactivity. Thoracic
descending aorta tissue was collected from male Wistar Kyoto rats, aged
13-16 weeks. Prior to reactivity testing, independent LDH assays were
performed with aortic rings to establish a subcytotoxic OA dose. To
determine changes in vascular reactivity, aortic ring segments (n=7-8)
were exposed for 1 hr to 100 µM OA, 12-OH OA, or an equivalent EtOH
vehicle, followed by testing using myography and pharmacologic
agents. Only 12-OH OA exposure significantly inhibited acetylcholine-induced endothelium-dependent vasorelaxation in aortic ring segments (25-30% reduction relative to EtOH control), based on maximum
relaxation and dose-response. No change was seen in smooth muscle
sensitivity to an exogenous nitric oxide source, sodium nitroprusside.
Maximum aortic contractile force generated in response to 10 µM phenylephrine was reduced by 25% in the 12-OH OA group compared to the
EtOH group, despite no difference in maximum force response when
tested with KCl. Collectively, these data indicate that at non-cytotoxic
exposures, 12-OH OA impairs endothelium-dependent relaxation, while
its parent compound does not, suggesting that metabolism or conversion of OA may be required to produce vascular effects. Hydroxylated
fatty acid products may play a role in the vascular responses observed
upon air pollution exposure. (Does not reflect official US EPA policy).

2430 Smog Exposure and Host Resistance to
Respiratory Pathogens

R. W. Luebke2, C. B. Copeland2, L. B. Copeland2, W. C. Williams2,
C. Wood2, D. Morgan2, S. McCullough2, J. D. Krug2, K. Gowdy1, I.
Gilmour2, and S. H. Gavett2. 1East Carolina University, Greenville,
NC; and 2US EPA, Research Triangle Park, NC.
The US EPA is evaluating the health effects of photochemical smog on
respiratory, cardiovascular and metabolic health (https://www.epa.gov/
air-research/secondary-organic-aerosol-soas-research). Smog exposure
has been associated with an increased risk of allergy and decreased
resistance to respiratory infections; we therefore investigated the effects
of smog on the host response to respiratory pathogens. Atmospheres
were generated in a chamber fed with selected hydrocarbons (gasoline
+ α-pinene-”smog A” or gasoline +isoprene-”smog B”), and subjected to
ultraviolet light. Final chamber concentrations were 252 ppb NO2, 104
ppb O3, and 1070 ug/m3 secondary organic aerosol, SOA) (Smog A) or
617 ppb NO2, 376 ppb O3, and 53 ug/m3 SOA (Smog B). Balb/C female
mice were exposed to filtered air or smog for 4 h/d X 5 d; subgroups
of control and exposed mice were either immunized with heat-killed
Streptococcus pneumoniae (HKSP; smog A) or infected with mouseadapted influenza A/Puerto Rico/8/34 (H1N1) on the first or last day
of exposure. Mice were necropsied 7 d after immunization or infection
and markers of lung damage and resistance to infection were assessed.
Exposure to smog A did not alter the concentration of antibody to
HKSP in the serum or concentrations of protein, lactate dehydrogenase or leukocyte concentrations in the bronchoalveolar lavage fluid
(BALF),although the % neutrophils was greater in the post-exposure air
group. Virus burdens were similar in air- and smog B-exposed mice, as
were BALF constituents. Body weight loss and lung lobe weights were
significantly greater in both air and smog B mice infected at the end
of exposure, as were lung lobe weights and % macrophage while neu-

2431 Fish Oil and Olive Oil-Rich Diets Modify OzoneInduced Cardiovascular Effect in Rats

H. Tong, S. J. Snow, M. C. Schladweiler, and U. P. Kodavanti. US
EPA, Chapel Hill, NC.
Rationale: Air pollution exposure has been associated with adverse
cardiovascular health effects. Our clinical studies suggest that fish oil
(FO) and olive oil (OO) supplementations attenuate the cardiovascular
responses to inhaled concentrated ambient particles. This study was
designed to examine the cardiovascular effects of ozone and the efficacy of FO and OO-rich diets in attenuating these effects of ozone exposure in rats. Methods: Male Wistar Kyoto rats were fed either a normal
diet (ND), or a diet enriched with 6% FO or OO starting at 4 weeks of
age. Eight weeks following the start of the diet, animals were exposed
to filtered air (FA) or 0.8 ppm ozone, 4 hr/day for 2 consecutive days.
Immediately after exposure, cardiac responses were assessed ex vivo
using a Langendorff heart preparation with a protocol consisting of 20
min of global ischemia followed by 2 hr reperfusion. Cardiac function
was measured as the index of left-ventricular developed pressure (LVDP)
and contractility (dP/dtmax and dP/dtmin) before ischemia. Upon reperfusion after ischemia, the recovery of post-ischemic LVDP and infarct
size were examined. Results: The pre-ischemic LVDP, dP/dtmax, and dP/
dtmin were lower after ozone exposure when compared to the FA control
in the rats fed ND but not FO and OO. OO diet shortened the time to
ischemic contracture of the hearts after FA exposure compared to ND.
Ozone exposure increased pre-ischemic heart rate and the time to ischemic contracture compared to the FA control in rats fed OO. However,
there were no significant differences in the post-ischemic recovery of
cardiac function and the infarct size among the exposure or diet groups.
Conclusions: This study demonstrated that ozone-induced cardiovascular responses appear to be blunted by FO and OO diets. (This abstract
does not necessarily reflect US EPA policy).

2432 Effects of Isoprene- and Toluene-Generated
Smog on Allergic Inflammation in Mice

Gavett2,

McGee1,

Ledbetter2,

Dye2,

S. H.
M. A.
A. D.
J. A.
Q. T.
Krantz2, C. J. King2, M. I. Gilmour2, and J. D. Krug2. 1ORISE, Oak
Ridge, TN; and 2US EPA, Research Triangle Park, NC.
Reactions of organic compounds with nitric oxide (NO) and sunlight
produce complex mixtures of pollutants including secondary organic
aerosol (SOA), ozone (O3), nitrogen dioxide (NO2), and reactive aldehydes. The health effects of these photochemical smog mixtures in
susceptible populations including asthmatics are unclear. We assessed
effects of smog generated from mixtures of NO with isoprene (IS) or
toluene (TL) on allergic inflammatory responses in Balb/cJ mice. House
dust mite (HDM)-sensitized or control mice were all challenged with
HDM intranasally 1 d prior to whole-body inhalation exposure to IS
(chamber average 509 ppb NO2, 246 ppb O3, and 160 μg/m3 SOA), TL
(217 ppb NO2, 129 ppb O3, and 376 μg/m3 SOA), or HEPA-filtered air
(4 h/d for 2 days). Mice were necropsied within 3 h after the second
exposure (2 d post-HDM challenge). Assessment of breathing parameters during exposure with double-chamber plethysmography showed
a trend for increased specific airway resistance and decreased minute
volume during the second day of TL exposure in both non-allergic
and HDM-allergic mice. HDM-allergic air-exposed mice had significant
increases in numbers of bronchoalveolar lavage (BAL) alveolar macrophages (AM) and eosinophils (EO), and trends for increases in BAL
indices of lung injury in comparison with non-allergic air-exposed mice.
Exposure to either IS or TL attenuated the increases in AM, EO, and lung
injury markers in HDM-allergic mice. The results of this study suggest
that photochemically-derived smog from IS or TL precursors may inhibit
markers of allergic inflammation, but worsen some indices of pulmonary function. These findings are consistent with those reported with
mixtures of O3 and the cyclic terpene limonene which inhibited allergic
lung inflammation in mice (Hansen, J Immunotoxicol 2016), suggesting
that complex interactions of pollutants present in smog may provide
both detrimental and protective effects on pulmonary responses. (This
abstract does not reflect US EPA policy).

2433 Preliminary Human Health Risk Estimates from
3D Printer Emissions

S. N. Jackson, M. A. Babich, T. A. Thomas, and K. R. Carlson. US
Consumer Product Safety Commission, Rockville, MD.
Three-dimensional (3D) printing, commonly described as additive manufacturing, is a process in which consecutive micro-layers of a material are printed/layered over each other, generating a 3D structure.
Consumer at-home use of 3D printing is increasing rapidly. Adult hobbyists and home-based manufacturers account for most home use.
However, some 3D printers are also being marketed for use by children.
Recent publications have demonstrated that 3D printers can emit both
particles (nano-sized and larger) and volatile organic compounds (VOCs)
during printing. Potential health effects of these emissions have not
been investigated thoroughly, however. CPSC staff investigated potential health risks of 3D printer emissions using published data on emissions from 3D printers. Staff estimated consumer exposures at 0.1-hour
increments during printer use (assuming a ventilation rate 1/h = 0.05
or 0.35, room volume 18.1 m3) and then estimated risk using acute and
chronic toxicological reference values (TRVs) created by US authoritative
bodies (US EPA, US CDC ATSDR, CA OEHHA). Overall, 3D printer emissions of caprolactam exceeded acute TRVs at various times following
the initiation of printing with acrylonitrile butadiene styrene (ABS; 0.3
to 4.9 hours), polyethylene terephthalate glycol-modified (PETG; 1.4 to
1.9h), or transparent polycarbonate (1.4 to 2.1h) filaments. Chronic and
subchronic TRVs also were exceeded from 0.1 to 54.2 hours following
the modeled initiation of printing. Chronic TRVs for caprolactam were
exceeded when printing with ABS, laybrick, laywood, nylon, plasticized
copolyamide thermoplastic elastomer (PCTPE), PETG, and transparent
polycarbonate (0.1 to 0.7h) filaments. Chronic TRVs also were exceeded
for ethylbenzene (ABS filaments, 25.9 to 54.2h; high impact polystyrene - HIPS, 30.6 to 32.2h), phenol (transparent polycarbonate, 3.2h),
propylene glycol (ABS, 1.1 to 1.4h; PETG, 24.3h), and styrene (ABS, 5.5 to
8.7h; HIPS, 20 to 22.1h). Analysis of 3D printer emissions and estimated
exposures suggest that consumers may be at risk of acute and or chronic
adverse health effects from the inhalation of 3D printer emissions.
Further investigation into the type and amount of 3D printer emissions
and more refined modeling is necessary to further define consumer
health risks. These comments are those of the CPSC staff, have not been
reviewed or approved by, and may not necessarily represent the views of,
the Commission.
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2434 Dose Response Curves Derived from Controlled
Human Ozone Exposure Experiments and
Ambient Exposure Estimates Can Inform Public
Policy

S. Lange2, G. Tao1, L. Rhomberg1, J. Goodman1, M. Dourson3, and
M. Honeycutt2. 1Gradient, Cambridge, MA; 2Texas Commission on
Environmental Quality, Austin, TX; and 3University of Cincinnati,
Cincinnati, OH.
Ozone is one of six criteria air pollutants for which regulations are set by
the US Environmental Protection Agency using the National Ambient
Air Quality Standards (NAAQS). The ozone NAAQS level was recently
changed to 70 parts per billion (ppb) from 75 ppb, but debate is ongoing
about the public health protection afforded by this change. Our study
used data from human controlled exposure studies together with measured ambient ozone concentrations to inform policy decisions about
a protective ozone level. Using human controlled exposure study data,
we plotted mean forced expiratory volume (FEV1) response versus total
inhaled ozone dose (calculated from ozone concentration, duration of
exposure and ventilation rate) from clinical studies of 1-8 hour durations. There were clear thresholds of effect, which were consistent with
the known ozone mode of action. The initial plot used data from healthy
young adults; additional analyses incorporated data from children and
asthmatics, but results did not differ. We estimated expected ozone
doses that would be experienced by the population based on known
exercise ventilation rates and durations, at ambient ozone concentrations of 75, 70 or 65 ppb (8-hour maximum average). Doses were similar
at these three concentrations, and most doses were below those associated with a mean 5% FEV1 decrement (an adverse effect level), even
when different exposure times and ventilation rates were used. We calculated the expected daily ozone dose achieved by a child exercising at
moderate intensity, using daily ambient ozone concentrations at a monitoring location in Texas where the fourth-highest ozone concentration
was 75 or 70 ppb. We found that there was very little difference in the
expected doses at these different ozone levels. This is consistent with
the similarities in the distributions of daily 8-hour ozone concentrations
for monitors in Texas where the fourth-highest ozone concentration was
75 or 70 ppb. This type of analysis can determine thresholds of ozone
toxicity, as well as ozone doses at exposure levels experienced by the
population, which can be crucial for choosing an ambient ozone concentration that is protective of human health.
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trophils were decreased. Expression of inflammatory cytokine genes in
these groups of mice tended to be significantly lower, particularly in
mice exposed to smog. Although apical measures of host immunocompetence (antibody to HKSP, virus burdens) were not compromised at the
whole animal level, exposure to smog containing a high concentration
of O3 following infection did reduce expression of key cytokine genes in
the lung. O3 can reduce the severity of influenza infection, independent
of virus titers, suggesting that the O3 component of smog may have
had the greatest impact in these studies when present for multiple days
prior to infection. (This abstract does not reflect US EPA policy).

2435 Altered MicroRNA Levels in Circulating

Extracellular Vesicles Are Associated with
Maternal Air Pollution Exposure during
Pregnancy

A. P. Sanders3, A. C. Just3, R. S. Rodosthenous2, A. Dereix4, S.
Renzetti3, A. Pajak3, K. Svensson3, M. Solano-Gonzales5, I. Kloog1, J.
Schwartz2, C. Gennings3, M. M. Tellez-Rojo5, R. O. Wright3, and A.
A. Baccarelli4. 1Ben-Gurion University of the Negev, Beer-Sheva,
Israel; 2Harvard School of Public Health, Boston, MA; 3Icahn School
of Medicine at Mount Sinai, New York, NY; 4Mailman School of
Public Health, Columbia University, New York, NY; and 5National
Institute of Public Health, Cuernavaca, Mexico.
Particulate matter less than 2.5 microns in diameter (PM2.5) is a criterion air pollutant associated with adverse perinatal health outcomes,
but the mechanisms are not well understood. Extracellular vesicles (EVs)
in the blood are released by various cells and transfer molecular signals
from cell-to-cell including microRNAs (miRNAs). We hypothesized that
PM2.5 may alter miRNA levels in EVs (evmiRNAs) during pregnancy and
program perinatal health effects. Using a satellite-based model, we calculated trimester-specific PM2.5 averages for 100 pregnant women in
Mexico City. EVs were isolated from maternal serum collected in the
2nd trimester. We assessed 754 evmiRNAs using the TaqMan OpenArray
qPCR platform. We used linear regression to examine the associations
between 1st and 2nd trimester average PM2.5 and evmiRNA levels,
adjusting for maternal age, socioeconomic status, and environmental
tobacco smoke. Significance was defined as p<0.05 and an FDR q-value
≤ 0.4. Pathway analysis was performed to identify potentially altered
signaling networks. We found that the expression of evmiRNA miR-27b,
130b, and 197 was positively associated with PM2.5 exposure in the 2nd
trimester. No evmiRNAs were associated with 1st trimester exposure.
The gene targets of the three PM-associated evmiRNAs were enriched
for cardiovascular function, and embryonic, and organ development
(p=1x10-21). In conclusion, altered evmiRNA levels in maternal serum
during mid-pregnancy were associated with increased PM2.5 exposure.
Future research will focus on the role of evmiRNAs as mediators of fetal
and maternal health outcomes.

2436 The Small Molecule Antipsychotic Aripiprazole/
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Abilify Potentiates Ozone-Induced Inflammation
in Airway Epithelial Cells
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J. R. Hoffman1, A. M. Speen1, H.-Y. Kim2, N. Porter2, and I. Jaspers1.
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and
2Vanderbilt University, Nashville, TN.
More than a third of the U.S. population lives in areas exceeding the
2008 National Ambient Air Quality Standard (NAAQS) for Ozone (O3).
O3 has well described health effects, which may be augmented in susceptible populations. While conditions, such as pre-existing respiratory
disease, have been identified as factors enhancing susceptibility to
O3-induced health effects, the potential for drug x environment interactions in sensitizing populations or further exacerbating preexisting
conditions has not yet been studied. In the airway, O3 induced oxidation
of cholesterol is known to lead to the formation of reactive and electrophilic oxysterols capable of forming protein adducts and potentially perturbing normal cellular signaling, and increasing inflammation. In this
regard, the consequences of drugs which modify cholesterol synthesis
and metabolism needs to be understood. Widely prescribed small molecule antipsychotics like aripiprazole/Abilify (APZ) reduce the activity of
7-dehydrocholesterol reductase (DHCR7) activity, thus altering normal
cholesterol synthesis and leading to an increase in 7-DHC levels, a significantly more susceptible target for oxysterol formation than cholesterol. Our results show that APZ administered at clinically relevant
concentrations increased 7-DHC levels in airway epithelial cells (ECs).
Additionally, exposure to O3 produces a unique profile of reactive oxysterols formed in APZ supplemented ECs and significantly potentiates
the expression of O3-induced pro-inflammatory cytokines IL-6 and IL-8.
Overall, the evidence we provide describes a potential mechanistic basis
for a drug x environment interaction between APZ and O3, posing significant implications to O3 induced health effects considering its widespread use and ability to potentiate O3 induced inflammation.

2437 Gender-Specific Differences in Airway

Inflammation and Hyperreactivity after Ozone
Exposure

J. M. Cyphert Daly, A. Birukova, L. G. Que, and R. M. Tighe. Duke
University Medical Center, Durham, NC.
Gender differences in the incidence, susceptibility, and severity of
airway disease have been documented in human studies. Exposure to
the criterion air pollutant ozone (O3) has been shown to cause epithelial damage and effect lung function, with responses differing between
men and women. Additionally, studies in mice have demonstrated that
there are sex-related differences in the expression of lung inflammatory mediators and signaling in response to O3. However, the effect of
these differences on lung physiology remains unknown. We hypothesized that gender-related differences in airway inflammation would
correlate with airway hyperresponsiveness (AHR) in a mouse model of
O3 exposure. We challenged 10-12 wk old male and female C57BL/6
mice with either 1 or 2ppm O3 or filtered air (FA) for 3 h. 24 and 72 hours
post-challenge, airway responsiveness to methylcholine (MCh) was
assessed using a Scireq rodent ventilator and bronchoalveolar lavage
(BAL) cellularity at 24 and 72 h post-exposure was determined. BAL total
cells peaked at 24h after 2ppm and 72h after 1ppm O3 for both genders.
Inflammation predominantly consisted of macrophages; however, both
males and females had increased BAL neutrophils 24 and 72h post-exposure compared to FA controls. 24h after either 1 or 2 ppm O3, females
had significantly more neutrophils than males. Surprisingly, differences
in airway reactivity did not appear to correlate with BAL inflammation.
Although no AHR was seen in either gender after 1ppm O3 at either time
point, males and females exhibited significant AHR 24h and 72h after
2ppm exposure, respectively. Our observations indicate that although
females demonstrated elevated acute inflammation, they had a delay in
development of AHR compared to males, indicating a mechanistic difference between the two sexes. These results suggest that inflammation
may not be the best predictor of lung function and airway reactivity in
mice. This study shows measurable gender difference in response to O3
exposure, and highlights the importance of evaluating sex differences in
biological research.

2438 The Effect of Intermittent Noise Stress on OzoneInduced Cardiovascular Dysfunction in WistarKyoto Rats

K. Phillips1, K. Stratford1, L. Walsh2, M. Khan2, L. Thompson2,
W. Oshiro2, G. Hudson2, D. Herr2, A. Farraj2, and M. S. Hazari2.
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and
2US EPA, Research Triangle Park, NC.
Previous studies have established that acute exposure to air pollution
increases the risk of cardiovascular dysfunction. Intrinsic factors are
likely the most important determinants of how the body responds to an
exposure. But data also suggests that non-chemical stressors like noise,
which is a common urban public health problem, can modify and indeed
worsen the response. Noise can cause obvious psychological disturbances typical of non-specific stress, but also changes that can increase
the number of cardiovascular disease related mortalities. Therefore, we
hypothesized that short-term exposure to noise would worsen the cardiovascular response to ozone. Male Wistar-Kyoto rats were implanted
with radiotelemeters for the measurement of heart rate (HR), blood
pressure (BP) and electrocardiogram (ECG) and exposed to intermittent
noise (85-90 dB) for one week after which they were exposed to either
ozone (0.8 ppm) or filtered air. Left ventricular functional responses to
dobutamine were measured using a Millar probe as well as arrhythmic
sensitivity to aconitine in a separate set of untelemetered rats 24 hours
after exposure. HR and BP decreased in all telemetered animals during
ozone exposure; noise caused BP and HR to increase. Baseline left ventricular pressure (LVP) was significantly higher in animals exposed to
both noise and ozone when compared to no noise; furthermore those
animals had the least amount of change in LVP, dP/dT max and min
with increasing doses of dobutamine. These animals also had a higher
arrhythmic sensitivity to aconitine. In conclusion, these results suggest
that noise alters the cardiovascular response to ozone exposure. Thus,
non-environmental stressors may be playing an important role in modifying the response to air pollution and may in fact increase the risk in
people with underlying cardiovascular disease. (This abstract does not
reflect US EPA policy).

Controlled Diesel Exhaust Exposures in Healthy
Human Subjects

J. Mirowsky1, K. Stratford2, M. Madden3, S. Harder3, R. Devlin3,
and M. Hazari4. 1State University of New York Environmental
Science and Forestry, Syracuse, NY; 2University of North Carolina at
Chapel Hill, Chapel Hill, NC; 3US EPA, Chapel Hill, NC; and 4US EPA,
Research Triangle Park, NC.
Past research has suggested that exposure to urban air pollution may be
associated with vitamin D deficiency in human populations. Vitamin D
is widely known for its importance in bone growth/remodeling, muscle
metabolism, and its ability to promote calcium absorption in the gut;
deficiency in vitamin D results in the development of rickets in children
and osteomalacia in adults. In the current study, we assessed whether
vitamin D levels are altered under controlled exposures to a commonly
measured urban air pollutant, diesel. For this study, we exposed 12
healthy volunteers to clean air and diesel exhaust (300 μg/m3) for 2
hours while undergoing intermittent exercise. Venous blood was collected before, 0 hrs post-, and 18 hrs post-exposure, and 25-hydroxyvitamin D [25(OH)D] was measured in the serum. The average baseline
value of 25(OH)D (mean ± standard error) was 22.9 ± 2.5 ng/mL. Four
subject’s baseline values were vitamin D deficient (<20 ng/mL), 6 had
inadequate vitamin D levels (20-29 ng/mL), and 2 participants had
levels that were vitamin D sufficient (>30 ng/mL). Additionally, there
was no significant change in the baseline values between the clean air
and diesel exposures (paired t-test, p = 0.54), suggesting minimal variability in 25(OH)D over the experiment’s time course. Small inductions
in 25(OH)D were found following clean air exposures (12.5 ± 4.9% and
a 7.1 ± 5.0% for 0 hrs post- and 18 hrs post-exposure values compared
to baseline, respectively). Minimal changes in 25(OH)D were observed
following diesel exhaust exposures 0 hrs (3.5 ± 5.2%) and 18 hrs following exposures (-2.7 ± 5.0%). Notably, there was no significant change
in 25(OH)D 0 hrs post (p = 0.14) or 18 hrs post (p = 0.17) between the
clean air and diesel exposures. These results suggest that diesel exhaust
alone does not alter the concentration of vitamin D in healthy people
exposed under controlled conditions. (Does not represent US EPA policy).

2440 Cytotoxic Effects of Wood Combustion Emissions
with New ALI Method

P. I. Jalava, T. Ihantola, K. Kuuspalo, M. Ihalainen, J. Jokiniemi, and
M.-R. Hirvonen. University of Eastern Finland, Kuopio, Finland.
Sponsor: M. Viluksela.
Biomass combustion emissions contribute significantly to air pollution
and adverse health effects. Air liquid interface (ALI) methods have been
introduced to improve the accuracy and real life resemblance of aerosol
toxicology studies. However, particle deposition in the ALI methods
have been the least effective with the particles less than 100nm in size.
In our new system, the deposition of the particles is improved to reliably study the toxicological effects of the emissions in cell cultures. We
used the new exposure device in exposing human alveolar A549 cells
to wood combustion aerosol. The aerosol was analyzed for the gaseous
and particulate compounds. The cells were cultured to confluence at
the membrane inserts at air liquid interface. The cells were exposed for
one hour to diluted emissions from a stove operated with the batches of
spruce and pine wood logs and from a modern pellet boiler. The experiments included filtered and total aerosol. After the one- hour exposures, cell culture mediums were collected for cytokine analyses and
cell culture inserts were allowed to stabilize in an incubator for 24 hours.
Thereafter, toxicology endpoints were measured including fluorescence
imaging with microscope for cell toxicity, analyses of mitochondrial
potential, cellular metabolic activity and oxidative stress. In addition, the
cell culture mediums after recovery period were analyzed for their cytokine concentration. We saw differences between the filtered and total
emissions as well as between the different wood species. Total aerosol
was consistently more cytotoxic than the respective filtered gaseous
sample. The new ALI exposure device showed to be well suited for combustion emission toxicology studies and clean air controls remained
at very good level. Deposition ratio showed significant improvements
compared to the previous ALI systems.

2441 In Vitro Cytotoxic Effects of PCB Derivatives on
Intestinal Epithelium

N. Metwali, X. Hu, H.-J. Lehmler, A. Metwali, M. W. Duffel, G. R.
Buettner, and P. S. Thorne. University of Iowa, Iowa City, IA.
Lower-chlorinated polychlorinated biphenyls (LC-PCBs) are enriched in
both ambient and indoor air, yet their toxicity are not well understood.
We have previously shown that the metabolites of LC-PCBs are retained
in lower GI tract until excretion. Thus exposure to these metabolites
presents an increased health risk for the intestinal epithelial cells. Our
study aims to develop an in vitro model using PCB11 as a model compound for studying cytotoxicity of lower-chlorinated PCBs on intestinal
epithelium. To establish our model, we exposed Caco-2 cells to varying
doses (5, 10, 20, 50, 100 and 200 µM) of PCB 11 and its hydroxylated and
sulfated metabolites for 24hrs. We monitored oxidative stress by determining cellular lactate dehydrogenase (LDH), cellular damage using
the alamar-blue assay and measured cell viability by fixable live/dead
dye; apoptotic activity by measuring activated Caspase-3, expression
of CD44 and epithelial adhesion molecule (EPCAM) by flow cytometry.
We found significant differences in cell damage, viability and oxidative
status in treated cells at high doses 50, 100 and 200uM of all three compounds. The proportion of cell death was 98% at 200uM. The hydroxylated PCB11 had the strongest effect and induced 80% cell death at
50uM. Changes of LDH, live/dead, Caspase-3 and alamar blue correlated
well with the cell viability, demonstrating the cytotoxic effects of PCB11
and its metabolites. None of these compounds had any effect on expression of CD44 or EPCAM. Our findings indicate that PCB11 metabolites
(especially the hydroxylated form) can potently induce apoptosis and
other cytotoxic effects. (Grant NIH P30 ES005605)

2442 Combined Effects of Vitamin E and Omega-3

Fatty Acids on Protecting Ambient Pm2.5-Induced
Cardiovascular Injury in Rats

X. Du1, S. Jiang1, L. Bo1, J. Liu1, X. Zeng1, Y. Xie2, W. Song1, and
J. Zhao1. 1Fudan University, Shanghai, China; and 2Shanghai
Jiaotong University, Shanghai, China. Sponsor: Q. Sun.
Objective: This study aims to observe whether the combined treatment
with vitamin E (Ve) and omega-3 polyunsaturated fatty acids (Ω-3 FA)
could prevent the fine particulate matter (PM2.5)-induced cardiovascular injury through alleviating inflammation and oxidative stress. At
the same time, the appropriate combination dosage of Ve and Ω-3 FA
was explored to find an optimized protective dose to prevent the injury
induced by PM2.5. Methods: The SD rats were pretreated with different
concentration of Ve and Ω-3 FA separately or jointly. Then the rats were
exposed to ambient PM2.5 by intratracheal instillation for three times.
The expression of tumor necrosis factor α (TNF-α), interleukin-1β (IL1β), interleukin-6 (IL-6) in serum and supernatant of cardiac tissue were
detected by ELISA kits. The levels of malondialdehyde (MDA), superoxide Dismutase (SOD) and glutathione-peroxidase (GSH-Px) in myocardium and the level of MDA in serum were measured. Meanwhile, the
cardiac injury was evaluated by histopathological examination. Results:
Compared with the severe injury of the rats in PM2.5 exposure group,
the rats in Ve or Ω-3 FA-pretreated groups had a slighter injury in heart.
Meanwhile, pretreatment with Ve or Ω-3 FA induced a significantly
alleviation of the inflammatory cytokines (TNF-α, IL-1β, IL-6) and the
elevation of the anti-oxidative activity especially in the rats pretreated
with combined Ve and Ω-3 FA. In addition, the combined protecting
effects of Ve and Ω-3 FA showed a dose-dependent manner. Conclusion:
Supplementation with Ve and Ω-3 FA could prevent the PM2.5-induced
injury, and the combination of Ve and Ω-3 FA might produce more effective effects than the separate nutrient did.

2442b Comparative Inhalation Toxicity of Ethyltoluene
Isomers in Rats and Mice

G. K. Roberts3, C. J. Willson2, D. Olivera1, D. E. Malarkey3, and D. L.
Morgan3. 1Alion Science and Technology Corporation, Durham,
NC; 2Integrated Laboratory Systems, Inc., Durham, NC; and
3National Toxicology Program, Durham, NC.
The C9 alkylbenzenes are found in the naphtha fraction of crude oil.
The C9 isomers comprise 75-90% of the naphtha fraction, and consist
mostly of ethyltoluenes and trimethylbenzenes. Naphtha is used as a
gasoline additive, in oil refining, and as a solvent. Exposure to these
compounds is both environmental, via inhalation and drinking water,
as well as occupational, primarily via inhalation. The National Toxicology
Program is planning to conduct long-term inhalation toxicity studies on
a representative isomer of the ethyltoluenes and the trimethylbenzenes.
In the present study, short term nose-only inhalation exposures were
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2439 Serum Vitamin D Levels Are Not Altered after

conducted to select an ethyltoluene isomer (2-, 3- or 4-) for more comprehensive testing. Male Hsd:Sprague Dawley rats and female B6C3F1/N
mice (n=10) were exposed to 2-, 3-, or 4- ethyltoluene (0, 1000 or 2000
ppm) or cumene (0, 500 or 1000 ppm) for 3 hours per day, 5 days per
week, for a total of 12 exposures. Cumene, which has been well characterized by the NTP in long-term inhalation studies, was included as
a reference compound. Based on mortality, clinical observations, and
histopathology, 2-ethyltoluene (2-ET) was the most potent ethyltoluene isomer. Exposure to 2000 ppm 2-ET resulted in deaths and early
removals of rats and mice; 2000 ppm 4-ET mice were removed early,
while no exposure related deaths were observed with 3-ET or cumene.
Clinical observations for all compounds included abnormal gait and
delayed righting reflex, which generally resolved within 3 hours post-exposure. Histopathological evaluation of select tissues revealed the
lung, nose, and liver to be toxicity targets. In the lung, all compounds
produced exposure-related increases in the incidence of bronchial
and bronchiolar hyperplasia in mice. 2-ET was the only compound to
produce lesions in the nose and liver. In the nose of mice, 2-ET exposure
produced squamous metaplasia and neutrophilic inflammation of the
respiratory epithelium and atrophy and degeneration of the olfactory
epithelium. In the liver of mice, 2-ET exposure induced centrilobular
hypertrophy. Based on these findings, a single isomer will be selected
for more comprehensive toxicity testing and a short-term assay will be
identified allowing quantitative potency comparison to the other ethyltoluene isomers.

2443 Wood Combustion-Derived Particulate Matter-

Induced Toxicity Studied Using Thermophoretic
Air-Liquid Exposure System

T. Ihantola, O. Uski, M. Ihalainen, J. Tissari, J. Jokiniemi, K. Kuuspalo,
M.-R. Hirvonen, and P. I. Jalava. University of Eastern Finland,
Kuopio, Finland. Sponsor: M. Viluksela.
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Air pollution is a major factor reducing life expectancy and wellbeing.
WHO has estimated that over 2 million annual deaths are resulted from
air pollution. One of the key factors in air pollution is particulate matter
(PM), which has been under intensive research in recent years. Nanosized PM (diameter less than 100 nm) are known e.g. to be able to travel
into bloodstream from alveolus. However, adverse effects of nano-sized
PM are still broadly unknown. Our novel air-liquid interface (ALI) uses
thermophoresis to deposited PM on cells. We used A549 alveolar epithelial cell line that have been cultivated in inserts for at least 72 hours in
5% CO2 atmosphere and at 37°C. At least 24 h before exposure cells are
allowed to form air-liquid interface. We used small scale combustion to
validate our ALI system. We studied two different combustion start-up
conditions. First of the two one-hour combustion experiments was
conducted with cold appliance and second with already warm stove.
In addition, we used two sets of controls in incubator at 37°C, with and
without 5 % CO2. Instantly after exposure, the medium was collected
for cytotoxicity assays and cells were allowed to recover 24 h in fresh
medium before further analysis. Cells were collected from insert and
cells were used in MTT-assay, cell vitality assay using Dapi staining and
comet assay. Cell vitality staining showed that viability decrease only
few percent in clean air ALI control, compared to incubator controls,
whereas in wood smoke exposed cells, the decrease were tens of percents. Comet assay showed that wood combustion emissions caused
increased DNA fragmentation of cells when compared to controls. DNA
fragmentation increased to 13%, when compared to 0,75 % in incubator
control, respectively. MTT-test revealed that mitochondrial activity in
wood smoke exposed cells was 20 % of control value. These results indicate that our thermophoretic ALI system is suitable to be used in toxicological analyses of source specific air pollution.

2444 Toxicological Responses of Human Alveolar

Epithelial Cell Line Exposed to Size-Segregated
Urban Air Particulate Matter from Nanjing, China

T. J. Rönkkö2, P. I. Jalava2, M. S. Happo2, S. Kasurinen2, O. Sippula2,
A. Leskinen1, M. Komppula1, J. Jokiniemi2, and M.-R. Hirvonen2.
1Finnish Meteorological Institute, Kuopio, Finland; and 2University
of Eastern Finland, Kuopio, Finland. Sponsor: M. Viluksela.
Air quality events and high urban particulate matter (PM) levels have
become a concern in China. Notable sources of urban air PM are industry,
traffic, construction and long range transfer of wind-borne PM. PM
exposure is associated with increased cardiorespiratory morbidity and
mortality. This study aims to assess the toxicological responses of inhalable PM collected in Nanjing, China during August and October 2013,
and identify the harmful chemical components and their local sources.
A549 human alveolar epithelial cells were exposed to four size-ranges
(PM10-2.5, PM2.5-1.0, PM1.0-0.2 and PM0.2) of ambient air PM from Nanjing.
Day- and nighttime PM samples were collected separately using a High

Volume Cascade Impactor. Cells were exposed to five PM doses (25, 75,
150, 200, 300 µg/mL) for 24 hours. Toxicological endpoints included cellular metabolic activity (MTT), cell membrane integrity (PI exclusion),
oxidative stress (DCF), genotoxicity (COMET), cytokine levels (ELISA) and
cell cycle state (Flow cytometry). The amount of collected PM varied
between sampling campaigns with much higher mean collected mass in
October. Day-night variation of mean mass was negligible in August, but
notable in October. Compared to untreated control cells all PM samples
decreased cellular metabolic activity dose-dependently, greatest effects
were observed for PM2.5-1.0 and PM0.2. Significant cell membrane disruption was not observed. Oxidative stress levels increased dose-dependently for all PM, highest response was induced by PM10-2.5. PM102.5 caused the highest genotoxicity, dose-dependency was clearer
for August PM in all size ranges. Chemokine IL-8 showed significant
increases compared to control for all PM, with highly variable responses
between PM size, season, and day/night. The toxicological responses
varied greatly between different PM sizes and endpoints for a given PM
size. Most of the measured toxicological endpoints exhibited variation
between the two sampling campaigns. Day-night variation within the
campaign was also observed for select samples and endpoints. Thus, the
PM of different size ranges causes toxicity via different pathways that are
likely affected by differences in chemical composition.

2445 The Effects of Ultrafine Particulates from Air
Pollution on Microglia in a Mouse Model of
Alzheimer’s Disease

D. Herr, A. Kennell, K. R. Jew, R. Gelein, M. K. O’Banion, and A.
Elder. University of Rochester, Rochester, NY.
Alzheimer’s Disease (AD) is a common neurodegenerative disease that
affects over 30 million people worldwide. While genome wide association studies have identified some relevant genes, most cases of AD
may best be attributed to complex gene-environment interactions,
of which air pollution may be a contributor. Because AD is known to
have a strong inflammatory component and air pollution is thought to
cause neuroinflammation, microglia are being investigated as the cells
that link the two. Microglia serve both pro-inflammatory and pro-resolution roles in the brain. We hypothesize that ultrafine particulates
(UFP, <100nm) from air pollution interact with brain microglia, causing
changes in activation state and AD progression. Ambient UFP were concentrated with the Harvard Ultrafine Concentrated Ambient Particle
System (HUCAPS). 3xTgAD mice, a model for AD, and non-transgenic
mice of the same genetic background (13 months) were exposed to
aerosol for 4 hours a day, 4 days a week, for 2 weeks. The mean particle concentration was 7.43x104/cm3 and the count median diameter
was 90.9±6.1 nm (geometric standard deviation 1.5). Immediately
after exposure, brains were removed, cryopreserved, and sectioned
at 30 µm. Immunohistochemistry was performed to identify microglia
(Iba1) and amyloid-β plaques (Congo Red), a pathological feature
of the disease. Microglia morphology was assessed with Sholl analysis. The findings indicate that concentrated ambient UFP exposure
affected the morphology of microglia in the subiculum of the 3xTgAD
mice. Unexpectedly, microglia in the HUCAPS-exposed 3xTgAD mice
were more ramified and closer in morphology to the non-transgenic
microglia. This morphological change suggests that UFP may alter the
balance between inflammation and resolution in 3xTgAD mice and has
implications for plaque clearance and other measures of AD progression. (Funding: NIH R01ES020332, T32 ES07026, ES001247)

2446 Ultrafine Particulate Matter Air Pollution Effects
on Learning and Memory in an Alzheimer’s
Disease Mouse Model

K. R. Jew, D. Herr, A. Kennell, R. Gelein, D. A. Cory-Slechta, M. K.
O’Banion, and A. Elder. University of Rochester School of Medicine
and Dentistry, Rochester, NY.
Alzheimer’s Disease (AD) is a neurodegenerative disease with a complex
etiology. In the most common sporadic form, environmental factors
like air pollution may contribute to pathological development of the
disease. Of concern is the inhaled ultrafine (UFP, <0.1 µm in aerodynamic
diameter) fraction of particulate matter air pollution. These particles can
deposit in all regions of the respiratory tract, evade macrophage mediated clearance, undergo translocation to secondary target organs like
the brain, and induce inflammation. We hypothesize that exposure of a
triple transgenic AD mouse model (3xTgAD) to concentrated UFPs can
accelerate AD progression and cognitive decline in contrast to filtered
air-exposed controls. UFPs from ambient air were concentrated using
the Harvard Ultrafine Concentrated Ambient Particle System (HUCAPS).
Cohorts of male mice were exposed at 2.5-3 months of age for 2 weeks
(4 hours/day, 4 days/week) to filtered air or HUCAPS. The HUCAPS exposure characteristics were: number concentration 5.28E+04/cm3, count

2447 Induction of Proinflammatory Genes by

Fractionated Extracts of Combustion-Derived
Particulate Matter

B. C. Brinchmann1, J. A. Holme1, T. Skuland1, K. Ondrusová2, A.
Kubátová2, M. Låg1, M. Refsnes1, P. E. Schwarze1, and J. Øvrevik1.
1Norwegian Institute of Public Health, Oslo, Norway; and
2University of North Dakota, Grand Forks, ND. Sponsor: U. C.
Nygaard.
The toxicity of combustion particles such as diesel exhaust (DEP) and
wood smoke (WSP) has been attributed to the complex mixture of
adhered organic chemicals (OCs). However, the active substances
remain to be identified. OCs were extracted and fractionated according
to polarity from DEP (MAPCEL soot and NIST SRM 2975) and WSP by
sequential extraction with solvents (nonpolar → polar) or in pressurized water at increasing temperatures (polar → nonpolar). Total OC and
chemical composition was analyzed by Thermal Optical Analysis and
GC-FID-MS. Cytotoxic (LDH assay) and proinflammatory effects (gene
expression by qPCR and qPCR-array) was assessed in human lung epithelial cell lines (BEAS-2B and H292). MAPCEL extracts were also tested
in HMEC-1 microvasculature endothelial cells and primary human
endothelial cells (PHEC). The role of the Ah-receptor (AhR) and redox
responses was explored by inhibitor (CH223191) and antioxidant (NAC)
treatment. The majority of cytotoxicity from DEP and WSP appeared to
be due to mid- and high-lipophilic compounds, and the toxicity of the
extracts corresponded to amount of extractable OC from the particles
(MAPCEL>WSP>>SRM2975). The most lipophilic fractions also appeared
to contain the majority of PAHs. Only extracts of DEP induced proinflammatory genes in BEAS-2B cells. The most lipophilic fractions of MAPCEL
induced up-regulation of CXCL8 and several other proinflammatory
genes, accompanied by an increased expression of CYP1B1 and heme
oxygenase 1 (HO1). By contrast, the most hydrophilic fraction of SRM
stimulated CXCL8 in BEAS-2 B cells in absence of effects on CYP1B1
and HO1. In HMEC-1 the most lipophilic fractions of MAPCEL induced
expression of CXCL8 and other proinflammatory genes accompanied
by increased expression of CYP1A1/1B1 and HO1. The proinflammatory
responses were partially inhibited by CH223191 and NAC, indicating
a potential role of AhR and redox-dependent responses. In PHEC, the
same lipophilic fractions induced expression of proinflammatory genes
at low concentrations (corresponding to a particle concentration of 0.75
µg/cm2), in absence of HO1 expression. We are now examining to what
extent the mechanism regulating proinflammatory responses in PHEC
vary from those observed in cell lines.

mite (HDM)-sensitized female Balb/cJ mice (n= 8/group) were exposed
via oropharyngeal (OP) aspiration to 100 μg coarse fractions of one of
five source apportioned groups representative of distinct time periods
of 4-6 weeks (traffic, coal, steel 1, steel 2, or winter PM) and OP challenge with HDM conducted 2 hr following PM dosing. Two days later,
airway responsiveness to methacholine aerosol was assessed in anesthetized ventilated control and HDM mice. The HDM-allergic mice
demonstrated increased airway reactivity in comparison to control
mice. Bronchoalveolar lavage fluid (BALF) eosinophils in HDM-allergic
mice were significantly elevated when compared to non-allergic control
mice. Both CLM and GTC Coarse traffic PM significantly increased BALF
neutrophils in non-allergic mice in comparison to blank coarse filter
and saline controls. These samples also produced significant increases
in BALF lactate dehydrogenase (LDH). CLM coal PM exacerbated both
BALF LDH and protein levels within non-allergic mice. Further analyses
will be conducted to evaluate airway mechanics, pulmonary histological
changes and cytokine levels following exposure to the CMAPS coarse
PM samples. We conclude that the CMAPS coarse PM attributed to traffic
and coal sources causes pulmonary injury and inflammation in healthy
non-allergic mice. (This abstract does not represent US EPA policy).

2449 Indoor and Outdoor Ultra-Fine Particulates: A
Case Study

R. J. Jaeger, D. Xhillari, S. Choi, and D. J. Carluccio. CH Technologies
(USA) Inc., Westwood, NJ.
Evidence mounts that Ultrafine Particles (UFPs) are contributors in the
range of environmental pollutants that affect respiratory and cardiovascular health. While ambient particulate concentrations may be a
measure out of doors for exposure dose, many populations, in urban
and suburban areas, spend more time indoors where indoor UFP
sources add to exposure. Such exposures are not often monitored. Thus,
UPF indoor concentrations may be a good measure of personal exposure but it does not necessarily provide for a complete understanding
of a building’s air handling system. One indicator is the Indoor/Outdoor
(I/O) ratio calculated by simultaneous monitoring. New technology
ultrafine particulate monitoring devices were used to report Lung
Deposited Surface Area (LDSA), particle number concentration and PM
mass concentration. These were deployed to characterize the I/O ratio at
a local public library that is located near a major traffic pollution source,
namely the George Washington Bridge. The devices employed use a
diffusion charging method to accurately detect UFPs in the range of
10 nm - 800 nm. A Pegasor AQUrban (PE-14) was placed on the roof of
the Library at 60 feet height from the ground, near a PM2.5 FRM device
operated by the NJDEP. A Pegasor AQIndoor unit (PIAQ-119) was placed
in the Children’s Reading Room of the Library on the ground floor (west
side) within a short distance from the building entry doors. PE-14 and
PIAQ-119 measured concomitantly during the period March 28 to May
9, 2016. The PM concentrations provided by PE-14 also showed a very
good correlation (R2=0.82) with the gravimetric PM2.5 data of a co-located FRM device (gravimetric method). During the study period we calculated an average I/O value of 0.25 which is in line with the I/O values
reported by other similar studies and indicates an optimal removal of
the UFPs from outside air by the Library’s air handling system. We found
a correlation factor of 0.34 between the outdoor and indoor UFP concentrations, which further supports this conclusion. However, there are
episodes occurring almost daily in the early afternoon hours where the
calculated I/O ratio values, sometime exceeding 1, clearly indicate elevated levels of indoor generated UFPs. Also, subsets of the indoor and
outdoor concentration data seem to be more strongly associated than
the overall period correlation. A follow up study in the Library is planned
to identify the origin of the internal UFP source(s) and investigate their
periodic occurrence.

2448 Effects of Source-Apportioned Coarse Particulate
Matter (PM) on Allergic Responses in Mice

McGee1,

McGee2,

Gibbs1,

Kim2,

Snow2,

M. A.
J. K.
E. A.
Y. H.
S. J.
L.
B. Copeland2, J. E. Richards2, R. H. Jaskot2, J. A. Dye2, M. I. Gilmour2,
and S. H. Gavett2. 1ORISE, Durham, NC; and 2US EPA, Durham, NC.
The Cleveland Multiple Air Pollutant Study (CMAPS) is one of the first
comprehensive studies conducted to evaluate particulate matter (PM)
over local and regional scales. Cleveland and the nearby Ohio River
Valley impart significant regional sources of air pollution including coal
combustion and steel production. Size-fractionated PM (coarse, fine
and ultrafine) were collected from an urban site (G.T. Craig (GTC) and
a rural site (Chippewa Lake monitor (CLM) located 53 km southwest of
Cleveland) from July 2009 to June 2010. Following collection, resulting
speciated PM data were apportioned to identify local industrial emission sources for each size fraction and location, indicating these samples
were enriched with resident emission sources. This study was designed
to determine whether exposure of the CMAPS coarse PM contributes
to the exacerbation of allergic asthma. Non-sensitized and house dust

2450 Oxidative Potential of Particles: Measurements
at a Research House

S. S. Khurshid, S. Emmerich, and A. Persily. NIST, Gaithersburg, MD.
Sponsor: L. Scanlan
It is widely accepted that airborne particles have adverse effects on
human health, but the pathophysiological mechanisms for these effects
haven’t been established. Particulate matter (PM) are typically characterized by their physical properties and chemical composition, but there
may be more physiologically relevant properties of PM that are better
suited to characterize the ability of PM to induce cellular oxidative stress.
The ability of PM to dissociate hydrogen peroxide into hydroxyl radicals
(OH) through Fenton-type reactions has been suggested as one way
to assess the oxidative potential of PM. The ability of outdoor PM to
generate OH has been measured in a few European studies. The current
study is the first to make these measurements indoors. Total suspended
particle (TSP) samples were collected on PTFE filters over 4-day periods
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median diameter 89 nm, and geometric standard deviation 1.5. Onemonth after exposure, mice underwent radial arm maze (RAM) testing
for spatial learning and memory, novel object recognition (NOR) testing
for recognition memory, and locomotor function testing. After 43
trials of RAM testing, there was a significant session x treatment effect
(F(13,46) = 2.3732 P=0.0158) showing lower percent accuracy over time
in the HUCAPS exposed mice. NOR testing showed no effect of treatment or genotype on the recognition index, but was confounded by the
inability for either genotype to show preference for the novel object.
Locomotor activity testing showed a significant bin x genotype effect for
ambulatory distance (F(11,47)=4.0786 P=0.0003), suggesting different
basal activity levels between NTg and 3xTgAD. Specifically, the 3xTgAD
mice have higher locomotor activity levels compared to the NTg mice.
These results suggest that UFP exposure may induce minor decrements
in spatial learning and memory independent of genotypic background
and before overt pathology is present in 3xTgAD mice. (Funding Sources:
NIH R01ES020332, T32ES007026, P30ES001247)

using air sampling pumps inside and outside an unoccupied, 14-year
old research house in Gaithersburg, MD. Hydrogen peroxide and the
spin trap, 5,5-dimethyl-1-pyrroline-N-oxide (DMPO), were added to the
sampled particles. The spectrum of the resulting DMPO-OH adducts
was obtained with an electron paramagnetic resonance (EPR) spectrometer. The area under the characteristic pattern of four peaks in
the DMPO-OH spectrum was calculated to determine the quantity of
DMPO-OH adducts formed. Blank filters were processed in the same
way, and their results were subtracted from the sample results. The
oxidative potential of indoor particles measured with this EPR method
(OPEPR) was on average 65 % (± 19 % S.D.) of the OPEPR of outdoor particles on a sampling volume basis. Indoor particles can have different
oxidative potential than outdoor particles because a major fraction of
indoor particles come from indoor chemical reactions. A series of tests
was also conducted to study the effect of different indoor conditions on
OPEPR. These indoor conditions include high and low temperature, high
and low relative humidity, high and low outdoor air change rates, and
the presence and absence of cooking activities. Temperature, relative
humidity, and air change rate appear to impact OPEPR of indoor particles
whereas the presence of intermittent cooking activities does not appear
to have a significant effect on the OPEPR of indoor particles on a sampling
volume basis. This work highlights the importance of including exposure to indoor airborne particles in human exposure studies.

2451 Differential Activation of Human and Rodent
TRPM8 by Particulate Material and Chemical
Agonists

J. G. Lamb, Z. Lu, S. Marcus, C. E. Deering-Rice, and C. A. Reilly.
University of Utah, Salt Lake City, UT.
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Transient receptor potential melastatin-8 (TRPM8) is activated by particulate materials (PM) specifically by calcium rich nanoparticals found
within coal fly ash (CFA) and as commercial nanomaterials. CFA is mildly
pro-inflammatory in mouse lungs, partially via activation of TRPV1.
Studies comparing the effects of CFA on pro-inflammatory cytokine in
C57Bl/6 and TRPM8-/- mouse lungs have not supported a role for TRPM8
in mediating inflammatory signaling, contradicting results obtained
using primary human bronchial epithelial cells. Transient transfection
of human TRPM8, mouse TrpM8 and rat TrpM8 into GcAMP6 over-expressing HEK-293 cells (reporter cells for Ca2+ flux) demonstrated that
all three species of TRPM8 were responsive to the prototypical chemical
agonists icilin and menthol. However, both mouse and rat TrpM8 were
not activated by CFA. HEK-293 cell lines stably overexpressing human
TRPM8, mouse TrpM8 and rat TrpM8 were also compared. Similarly, all
three TRPM8 receptors responded to the chemical agonists, but failed to
respond to both CFA and calcium oxide nanoparticles. The mechanism
by which CFA and calcium oxide nanoparticles activate human TRPM8
is unknown. Alignment of human, mouse and rat TRPM8 amino acid
sequences demonstrated differences at several amino acids which are
being evaluated as potential particle sensitive sites which will further
our understanding of how TRPM8 is activated by particulate materials in
humans. (Support: ES017431)

2452 Strain-Dependent Inflammatory Responses in a

mice exposed to PM prior to HDM challenge also displayed increased
airway nuetrophilia. Conversely, BALB/c mice exposed to PM prior to
HDM challenge displayed increased eosinophilia, whereas, FA-HDMexposed mice showed a robust nuetrophilic response. Airway resistance
in response to methacholine challenge was significantly increased in
BALB/c offspring exposed to HDM (vs. PBS). Surprisingly, there was no
significant difference between PM-HDM and FA-HDM groups, following
the trend seen with airway inflammation. On the contrary, C57Bl/6
offspring treated with HDM, who exhibited increased airway inflammation, did not show increased airway resistance (vs. PBS). These two
phenotypes have been shown to be uncoupled in previous models of
HDM-induced asthma. Work is ongoing to confirm airway inflammation
through histological analysis and determine if immunosuppression is
maintained through 12 weeks of age.

2453 Characterization of Transient Receptor Potential
Vanilloid-1 (TRPV1) Variant Activation by Coal
Fly Ash Particles and Associations with Asthma

Z. Lu. University of Utah, Salt Lake City, UT.
Asthma is a common airway inflammatory disease. Allergens, air pollution, and various other environmental pollutants are associated with
the development and acute exacerbation of asthma. Transient receptor
potential vanilloid-1 (TRPV1) is activated by numerous environmental
particulate materials including a representative combustion-generated
particulate material, coal fly ash. Several studies have examined roles
for TRPV1 in asthma and have shown that TRPV1 can be expressed at
higher levels in epithelial cells and neurons in the bronchi of asthmatics
with both mild and refractory (steroid-insensitive) asthma, as well as
in neurons of individuals with chronic cough, and in peripheral blood
cells of children with asthma. We hypothesized that polymorphic variants of TRPV1 would be uniquely responsive to insoluble coal fly ash
compared to the prototypical soluble agonist capsaicin. Furthermore,
these changes would manifest as differences in lung cell responses to
these agonists and perhaps correlate with changes in asthma symptom
severity and control. The TRPV1 I315M and T469I variants were inherently more responsive to capsaicin and coal fly ash. The I585V variant
was less responsive to coal fly ash, due to reduced protein expression
and an apparent role for I585 in activation by insoluble particles. The
I315M and I585V variants (heterozygotes) were associated with worse
asthma symptom control. The effect of I585V on asthma was surprising
given that it was less responsive to a model environmental particle pollutant in functional assays and expressed at lower levels in lung cells.
However, in human lung epithelial cells from donors heterozygous for
TRPV1 I585V TRPA1 was expressed at higher levels. TRPA1 is typically
not expressed by lung epithelial cells and is activated by combustion-generated environmental particles that affect asthma, including
diesel exhaust particles, wood smoke, and cigarette smoke. This study
suggests I315, T469, and I585 are involved in TRPV1 activation by particles and changes in the expression of TRPA1 by epithelial cells due
to I585V expression could contribute to variations in asthma symptom
severity and control. (Support: ES017431, HD 060559, and the University Of
Utah Department of Pediatrics)

Mouse Model of Intrauterine Particulate Matter
Air Pollution Exposure

2454 TRPV3 Regulates Lung Epithelial Cell Responses

K. Rychlik1, J. Pulczinski1, A. Cardenas1, L. Myatt1, V. Roman-Cruz1,
J. Secrest1, M. Zamora1, R. Langley1, M. Raju1, D. You2, S. Cormier2,
R. Zhang1, and N. Johnson1. 1Texas A&M University, College
Station, TX; and 2University of Tennessee Health Science Center,
Memphis, TN.

C. E. Deering-Rice, Z. Lu, D. Shapiro, E. G. Romero, V. K. Mitchell, J.
M. Veranth, and C. A. Reilly. University of Utah, Salt Lake City, UT.

Intrauterine exposure to particulate matter (PM) air pollution has been
associated with offspring asthma susceptibility. To determine the mechanisms underlying allergic sensitization and asthma development, we
established a novel intrauterine exposure model. It is well established
that genetic factors impact asthmatic responses in adult exposure
models, thus we utilized BALB/c and C57Bl/6 strains to identify impacts
of genetic variation on offspring inflammatory responses. Mice were
time-mated and exposed to inhaled filtered air (FA) or aerosolized PM
for 6 h/day gestation day 0-18. PM composition included black carbon,
nitrate, and sulfate, key components of particulate air pollution, at a concentration of 101.94 µg/m3. After parturition, litters were treated with
house dust mite (HDM) or saline (PBS) 3x/wk for four weeks to examine
the impact on inflammatory responses induced by intrauterine PM
exposure. Total leukocyte counts in bronchoalveolar lavage fluid were
increased in both strains of HDM-treated offspring from FA-HDM and
PM-HDM groups (vs. PBS). However, the increase in total cells was attenuated in PM-HDM offspring compared to the FA-HDM group indicating
possible immunosuppression. In C57Bl/6 mice, eosinophilic inflammation was significantly increased in both HDM-treated groups (vs. PBS);

to Wood Smoke Particles

Wood and biomass smoke particles are pneumotoxic, but mechanisms
by which these materials affect lung cells are not fully understood.
Our group previously identified transient receptor potential Ankyrin
1 (TRPA1) as a target for these particulates, a screen of additional TRP
channels identified TRPV3 (Vanilloid 3) as an additional target. We
hypothesized that activation of TRPA1 and/or TRPV3 ion channels might
regulate certain responses elicited by wood smoke particles in lung
epithelial cells. Calcium flux and mRNA expression assays were used to
characterize TRPV3 and TRPA1 expression in the human lung epithelial cell types that were used to determine mechanistic consequences
of TRP channel activation by wood smoke. Treatment of BEAS-2B and
A549 cells with a TRPV3 selective agonist and wood smoke particles triggered the expression of genes involved in inflammation and pathological endoplasmic reticulum stress. However, in TRPV3-overexpressing
BEAS-2B cells, genes associated with adaptive endoplasmic reticulum
stress, cell proliferation, wound repair, and differentiation/cornification were preferentially induced. Proteomic analyses provided similar
mechanistic insights. Accordingly, low level (BEAS-2B) and attenuated
TRPV3 expression/function in A549 cells was associated with reduced
monolayer scratch wound repair in the presence of pine smoke particles, while TRPV3 over-expression in BEAS-2B cells promoted repair.
These data link TRPV3 expression and activation with wound healing

and cellular growth. In mice treated sub-acutely with pine particles,
structural changes to the bronchial epithelium and increased sensitivity
to methacholine were observed, and both outcomes were inhibited by a
TRPV3 antagonist. In summary, these data show that TRPV3 is expressed
in several lung epithelial cells, whereas TRPA1 is principally in A549 cells.
Further, activation of TRPV3 by wood smoke particles regulates several
important responses elicited by wood smoke particles which may contribute to airway epithelial remodeling; a reported effect of wood and
biomass smoke particles in humans and animals. Support: ES017431

tance of shaking the 96-well plate throughout the 5 day exposure was
established by comparison to plates not shaken or only overnight after
identical PM treatment. This work outlines exposure procedures for
future large scale studies of PM toxicity in zebrafish. The model provides
a unique opportunity to quickly and cost effectively screen an array of
PM collected from diverse locations. The use of a consistent, sensitive
and scalable platform has the potential to serve as a surrogate in vivo
system to compare the hazard potential of PM and provide a path to
better understand the mechanisms underlying PM-associated health
effects. (Supported by NIH Grants P30 ES000210, T32 ES007060 and P42
ES016465)

2455 Health Effects of Traveling Abroad: Integration

M. J. R. Vilcassim, L. C. Chen, G. D. Thurston, C. Lim, and T. Gordon.
New York University, Tuxedo, NY.
Large cities in the world are known to have many sources of air pollution
and thus elevated pollutant levels. To our knowledge, no studies thus
far have looked into the impact on the respiratory and cardiovascular
systems when individuals travel abroad to cities with air pollution levels
different from their home city. While previous studies have typically
used central monitor data to assign pollutant exposures, the development of low cost air pollution monitoring sensors has enabled better
estimation of individual exposures, and better understanding of the
relationship between health effects and pollutant exposure. This study’s
goal was to examine the impact on the respiratory and cardiovascular
systems due to a change in the environment when traveling to a city
in another country. The study recruited students traveling from NYC to
cities abroad with London, Beijing, Shanghai, Prague and Mexico City
selected as study sites. Participants were pre-trained to measure lung
function, blood pressure, and heart rate, for 1 week before departure,
during the stay, and after returning from the city abroad. Participants
also carried an ‘Airbeam’, a portable low cost PM2.5 monitoring instrument, to measure personal exposure levels. The Airbeams were tested
against a PDR DataRam 1500 monitor and the standard gravimetric filter
method for comparison and calibration. Results from the pilot study have
shown that in subjects who traveled to Beijing, Shanghai, and Mexico
City, lung function decreased significantly compared to pre-travel NYC
levels, whereas there was no significant difference in students who traveled to London and Prague (total n=10). The average reduction in FEV1
for subjects traveling to more polluted cities than NYC was 5-12% from
the NYC mean, which was statistically significant and correlated with
PM2.5 levels. PEF results showed a pattern similar to FEV1. Systolic blood
pressure levels were significantly increased in subjects who traveled to
cities where PM levels were significantly higher than NYC. The Airbeam
sensors showed inter-instrument variability and required calibration
of individual units for more accurate readings. The results of this pilot
study show that travel to cities with significantly higher pollution than
one’s home city can have acute impacts on the cardiopulmonary system
and support a concern for the potential for adverse health effects due to
air pollution while traveling abroad.

2456 Development of a High-Throughput Screening
Model for Particulate Matter Exposures

C. Roper, S. L. Massey Simonich, and R. L. Tanguay. Oregon State
University, Corvallis, OR.
Ubiquitous exposure to air pollution is a major environmental health risk
leading to increased morbidity and mortality. Importantly, health effects
related to the solid particulate matter (PM) portion of air pollution vary
based on size and composition. Current toxicology studies researching
the biological plausibility of PM-related effects lack the ability to address
the vast, variable samples that must be tested. Thus a high-throughput
screening (HTS) model is needed to assess the growing number of outcomes related to the mixtures. Zebrafish are an established HTS model;
however, limited studies have investigated PM-induced toxicity in
zebrafish, despite the multitude of advantages of this system. To establish standardized protocols for studying developmental toxicity following PM exposure, the standard reference material (SRM 1649b) was
used to systematically determine sample preparation methods, design
proper experimental controls, determine appropriate concentration
ranges, and evaluation procedures. Embryos (n=32/treatment) were
placed into 96-well plates containing embryo medium and exposed
to PM suspensions at 6 hours post fertilization (hpf). Developmental
toxicity was assessed at 24 and 120 hpf by evaluating morphological
changes, embryonic/larval photomotor behavioral changes, and mortality. Exposure to PM at a range of concentrations (0-200 µg/mL) produced significant increases in mortality and morphological responses
along with alterations to photomotor behavior compared to controls
(water, 1% DMSO, and particle control). Re-suspension of PM in water
and DMSO resulted in significant toxic responses. Finally, the impor-

2457 Zebrafish Locomotor Responses Predict Irritant

Potential of Smoke Particulate Matter from Five
Biomass Fuels

W. K. Martin1, S. Padilla2, Y. H. Kim2, M. D. Hays2, D. L. Hunter2, M.
S. Hazari2, M. I. Gilmour2, and A. K. Farraj2. 1Oak Ridge Institute
for Science and Education (ORISE), Oak Ridge, TN; and 2US EPA,
Research Triangle Park, NC.
Over the past few decades, the drying and warming trends of global
climate change have increased wildland fire (WF) season length, as
well as geographic area impacted. Consequently, exposures to WF fine
particulate matter (PM2.5; aerodynamic diameter <2.5 µm) are likely to
increase in frequency and duration, contributing to a growing public
health burden. Given the influence of fuel type and combustion conditions on WFPM2.5 composition, there is pressing need to identify
the biomass fuel sources and emission constituents that drive toxicity. Previously, we reported the utility of 6-day post-fertilization (dpf)
zebrafish larvae in evaluating diesel exhaust PM-induced irritation,
demonstrating responses analogous to those in mammals. In the
present study, combustions, separated by smoldering or flaming conditions, of pine needles, red oak, pine, eucalyptus, and peat were achieved
using an automated tube furnace paired with a cryo-trapping apparatus
to collect condensates of emissions. The condensates were extracted
and prepared for use in zebrafish assays. We hypothesized that 1) the
extractable organic fractions of biomass smoke PM will elicit dose-dependent irritant responses in 6-dpf zebrafish larvae, and 2) the relative
potencies will vary across biomass emissions, potentially driven by
varying chemical composition. Six-dpf zebrafish (n= 28-32/group) were
exposed acutely to PM extracts (5 concentrations; 0.3-30 µg/ml; half-log
intervals) and activity was assessed in the dark using video tracking software. Extracts collected from five smoldering emissions elicited dose-dependent increases (p<0.001) in locomotor activity. Preliminary analysis
of rank order potencies indicate that for smoldering conditions, the red
oak and pine are most potent. Evaluation of the impacts of flaming burn
conditions are in progress. In conclusion, the zebrafish assay is sensitive
across a wide PM extract dose range and allows for rapid determination
of relative potencies of multiple biomass PM sources. The differential
potencies of the biomass emissions may be, in part, a response to variability in chemical composition among the biomass PM samples. (This
abstract does not reflect US EPA policy).

2458 In Vitro Transformation of Human Bronchial

Epithelial Cells by Exposure to Diesel Exhaust
Particles

I. Rynning1, J. Neca3, J. A. Holme2, Y. J. Arnoldussen1, M. Machala3,
and S. Mollerup1. 1National Institute of Occupational Health, Oslo,
Norway; 2Norwegian Institute of Public Health, Oslo, Norway; and
3Veterinary Research Institute, Brno, Czech Republic.
Diesel exhaust particles (DEP) have recently been classified as carcinogenic to humans. Mechanisms may involve DNA damage and inflammatory responses. We studied the ability of NIST SRM2975 to transform
human bronchial epithelial cells (HBEC3) in vitro after long-term exposure. Further studies focused on characterization of early carcinogenic
changes. We investigated inflammatory responses due to DEP exposure
by measuring release of prostaglandins. HBEC3 cells were exposed to
DEP for 15 weeks before seeding in soft agar. Migration and invasion
was studied using a matrigel scratch wound assay and live imaging.
Gene expression was analyzed by RT-qPCR and protein release by ELISA.
Excretion of arachidonic acid (AA), prostaglandins and HETE metabolites
were measured by liquid chromatography tandem mass spectrometry
(LC/MS/MS). Colony growth in soft agar occurred for DEP exposed cells
and a stable transformed cell line was established (T2-HBEC3). T2-HBEC3
show little invasive capacity and reduced migratory potential compared
to HBEC3. CHD1 was downregulated in T2-HBEC3, whereas CDH2, VIM,
SNAI2, TWIST1 and ZEB1 were upregulated. In short-term toxicity experiments, release of prostaglandins and HETE metabolites were altered for
both cell lines after exposure to SRM2975. For HBEC3, a dose-dependent
reduction in AA release was observed, whereas for T2-HBEC3 a constitu-
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tive higher formation was found that was not dependent on DEP exposure. As a general observation, the major prostaglandin species were
released in highest concentrations from T2-HBEC3. Differently released
prostaglandins from T2-HBEC3 and HBEC3 included PGI2, PGD2 and
isoforms of PGF and PGE. HETE compounds, PGJ2 and LXA4 were only
released from HBEC3, whereas PGA2 was only released from T2-HBEC3.
This indicates different sensitivity to DEP exposure in T2-HBEC3 and
HBEC3. Gene expression analysis and ELISA revealed a dose dependent upregulation of IL-1β for the two cell lines. In conclusion, a DEPtransformed cell line was established which show several early carcinogenic changes. In addition, DEP-mediated induction of particularly PGE2
and PGF2α in HBEC3 may have implications for acute inflammation and
carcinogenesis.

2459 Impaired Spatial Learning and Memory in Mice

Exposed to Non-Concentrated Ambient Particles

Cheng2,

T.-J.
Y.-L. Wu2, H.-I. Hsieh1, T.-F. Chen3, and K.-Y. Wu2.
1Cathay General Hospital, Taipei, Taiwan; 2National Taiwan
University, Taipei, Taiwan; and 3National Taiwan University
Hospital, Taipei, Taiwan. Sponsor: L. C. Chen.
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Epidemiological and toxicological studies have shown that particulate
matter (PM) may have adverse effects on the central nervous system
(CNS). However, the exact underlying mechanisms remain unclear.
Therefore, we conducted an experiment to explore the CNS toxicity
induced by PM. C57BL/6J mice were exposed to non-concentrated
ambient PM2.5 by inhalation for 3 months during the wintertime in
Taipei. The control group was given HEPA-filtered air. Morris water maze
(MWM) test was conducted to evaluate spatial learning and memory.
Inflammatory cytokines including IL-1β, IL-6, TNF-α, oxidative stress
marker of 8-OHdG, and inflammatory marker of 8-NO2Gua were determined. Histopathological changes of brain and lung were also examined. The mean concentration for PM during exposure for behavior
test was 12 μg/m3. In the MWM test, the median escape latency for the
exposure group was significantly longer than the control group on the
third day. The 8-OHdG level was significantly increased in hippocampus
and cortex after exposure, while 8-NO2Gua level was only increased in
hippocampus. However, the cytokines levels of IL-1β, IL-6, TNF-α were
not increased. Pathological change for brain and lung was not different
between the exposed and control groups. Our results suggest that
ambient PM2.5 exposure may affect the special learning and memory at
levels close to current WHO guideline. The abnormality may be mediated through oxidative stress and inflammation. Because there is no
pathological changes observed in the brain, further studies are needed
to assess if this effect is reversible after the exposure is removed.

2460 Electrocardiogram Effects of Co-Exposure with
Concentrated PM2.5 and Ozone in ApoE-/- Mice

D. A. Herman, A. J. Keebaugh, L. Wingen, and M. T. Kleinman.
University of California Irvine, Irvine, CA.
Air pollution has been associated with increased incidences of cardiovascular disease leading to increased daily mortality and hospital admissions. Urban airborne particulate matter (PM) contains a rich mixture
of solid and vapor phase constituents in addition to a variety of oxidizing gases, including ozone, which may be responsible for some of
the observed exacerbation of PM-associated adverse cardiovascular
health effects. Therefore, we hypothesized that co-exposure of concentrated ambient particulate matter (CAPs) with ozone should influence
the progression of adverse electrocardiogram (ECG) waveform morphology and arrhythmias. Groups of genetically altered ApoE -/- mice
(prone to developing atherosclerosis) were exposed to either purified
air, the fine (PM2.5) fraction of CAPs (under 2.5 µm), ozone (200 ppb),
or to CAPs mixed with ozone (200 ppb). Mice were exposed 5 hours/
day, 4 days/week for 8 weeks at the University of California, Irvine, about
1600m southwest of a major freeway. Implanted cardiac transducers
continuously monitored ECGs from the mice. ECGs were analyzed at
specific post-exposure times to detect change from the baseline measurements at 7 waveform parameters. Mice exposed to either CAPs or
O3 alone exhibited a greater degree of chronic changes in the majority
of measured ECG parameters involving ST-interval. Co-exposure to both
CAPs and O3 resulted in a blunting of these ST-interval parameters to
levels seen in control cohort. Correlations were identified between both
the concentration of the larger particles and the concentration of acids
present in the PM2.5 size fraction and measured ECG endpoints of the
CAPs only and CAPs-ozone co-exposure cohorts. S-T segment changes
are common measures of myocardial dysfunction in humans that may
lead to life-threatening cardiac events. Further investigation into the
observed changes need be performed to explicate the mechanisms of
the changes resulting from CAPs exposures.

2461 The Effects of Inhaled Traffic-Generated

Pollutant Exposure on Oxidized Low Density
Lipoprotein Receptor Expression and Blood
Brain Barrier Integrity in Wildtype Mice on a
High or Low Fat Diet

U. Suwannasual2, J. Lucero2, J. D. McDonald1, and A. K. Lund2.
1Lovelace Respiratory Research Institute, Albuquerque, NM; and
2University of North Texas, Denton, TX.
Recent studies report traffic-generated air pollution is associated with
cerebrovascular disorders, including stroke, which may involve altered
blood brain barrier (BBB) integrity and permeability. We have previously
reported that mixed vehicle exhaust (MVE) exposure leads to BBB disruption, which is mediated in part via oxLDL signaling at the lectin-like
oxLDL receptor (LOX-1) in the brain microvasculature of atherosclerotic
Apolipoprotein KO (ApoE-/-) mice. However, whether MVE-exposure
mediates alterations in LOX-1-mediated BBB disruption in a “healthy”
wildtype model has not been well characterized, nor has the contribution of high fat vs. low fat diet during exposures. To investigate this
hypothesis, 3 mo male C57BL6 mice on either a high (HF: 21.2% fat) or
low fat (LF) diet were randomly assigned to an inhalation exposure of
either filtered-air (FA) or 100 µg PM/m3 MVE (30 µg PM/m3 diesel + 70
µg PM/m3 gasoline emissions) for 6 hr/d for 30 d. Plasma oxLDL was
elevated in MVE+HF (2.5-fold) and HF+FA (1.5-fold) mice, compared
to MVE+LF, FA+LF groups, which was associated with increased LOX-1
expression in the cerebral microvasculature. To assess BBB integrity,
mice were injected with sodium fluorescein (Na-F), which should not
readily cross an intact BBB. We observed a significant increase of Na-F
expression in the cerebrum of MVE+HF (69±7 ng/mg) and HF+FA (31±4
ng/mg) animals, compared to LF (ME: 20±5 ng/mg; FA: 18±23 ng/mg)
groups. Immunofluorescent analysis showed MVE-exposure significantly increased lipid peroxidation (4-HNE) in the HF and LF groups, and
decreased TJ proteins (occludin and claudin-5) in the cerebral microvasculature of the HF diet group. Such findings indicate that inhalation
exposure to traffic-generated pollutants in a healthy animal model
results in alteration of oxLDL, BBB LOX-1 expression, and BBB integrity,
when coupled with a high fat diet. Funded by NIEHS R00ES016586 and
UNT RIG GA9306 (AKL).

2462 Genome-Wide Transcriptional Analysis of

Cardiovascular-Related Genes and Pathways
Induced by PM2.5 in Human Myocardial Cells

Z. Sun, J. Duan, Y. Yu, J. Wang, P. Huang, and Z. Shi. Capital Medical
University, Beijing, China. Sponsor: C. Chunying.
Air pollution has been a major environment-related health threat.
However, most of the studies on PM2.5 toxicity have focused on the
cardiovascular system and endothelial cells. Researches on PM2.5induced myocardial-related toxicity are limited. This study aims to fully
understand the toxic effects of PM2.5 on human myocardial cell (AC16)
and explore its molecular mechanism based on microarray analysis and
bioinformatics analysis. Microarray data analysis demonstrated that
PM2.5-induced toxicity affected expression of 472 genes compared with
control group, including 166 up-regulated genes and 306 down-regulated genes in human myocardial (AC16) cells. GO analysis showed that
cellular processes such as immune response, cell maturation, embryonic heart tube morphogenesis, cellular response to electrical stimulus,
skeletal muscle tissue regeneration and negative regulation of signal
transduction were up-regulated, while regulation of transcription (DNAdependent), rhythmic process, protein destabilization apoptotic process
and innate immune response were down-regulated. The pathway
analysis indicates that cell signaling pathways such as cytokine-cytokine receptor interaction, NF-kappa B signaling pathway, chemokine
signaling pathway, endocrine and other factor-regulated calcium reabsorption, HTLV-I infection and cell adhesion molecules (CAMs) were
up-regulated, while TGF-beta signaling pathway was down-regulated.
In addition, Signal-net showed that TUBA4A, ADRBK2, BRIX1, SMC4,
EIF5B, PRMT1, ATG4B and NDC80 were significantly decreased, while
the expression of KRT6B was markedly increased compared to control.
All the genes were verified by qRT-PCR. This study provides new bioinformatics evidences in the PM2.5-induced myocardial tissue toxicity. It’s
necessary for further cardiovascular system toxicity studies.

Decreases Expiratory Time and Increases Left
Heart End Diastolic Volume

L. C. Thompson2, Y. H. Kim2, B. L. Martin1, A. D. Ledbetter2, M. S.
Hazari2, M. I. Gilmour2, and A. K. Farraj2. 1Oak Ridge Institute for
Science and Education, Oak Ridge, TN; and 2US EPA, Research
Triangle Park, NC.
Wildland fires, favored by prolonged drought and rising temperatures,
generate significant amounts of ambient particulate matter (PM), which
contributes to adverse health outcomes. The eastern North Carolina
peat fires of Pocosin Lake in 2008 and Pains Bay in 2011 were associated with increased cardiovascular hospitalizations, yet the biological
impacts of peat biomass fire emissions and the mechanisms driving
these responses are unclear. The purpose of this study was to investigate the cardiopulmonary responses of peat biomass smoke particle
exposure in rats. We hypothesized that PM exposure would dose-dependently alter cardiopulmonary function. Male Sprague-Dawley rats
(n = 8/group) were exposed to 30 µg (Lo PM) or 300 µg (Hi PM) of peat
biomass smoke PM extracts suspended in 200 µL of saline, or saline
vehicle alone by oropharyngeal aspiration (OA). Immediately following
OA, rats were placed in whole-body plethysmographs and ventilatory
data were recorded for 12 minutes. One day following OA, rats were
anesthetized with isoflurane for ultrasound assessment of cardiovascular function. Hi PM caused decreases in expiratory timing as early as
4-6 minutes after exposure relative to Lo PM (p = 0.02) and Vehicle (p=
0.06), which resolved shortly thereafter. One day after OA, ultrasounds
revealed that Hi PM exposure increased end diastolic volume (EDV) by
16% (p = 0.03) over Vehicle and 13% (p = 0.06) over Lo PM, including a
significant increasing linear trend across all three groups (p = 0.01). In
addition, end systolic volume (ESV) and pulmonary artery acceleration/
ejection time ratio demonstrated near significant linear trends (p = 0.07
for both) that increased with PM dose, both of which may have influenced EDV. Heart rate, isovolumic relaxation time (a lusitrophic factor
that could impact EDV), ejection fraction, fractional shortening, and
stroke volume were unaffected. These data suggest that exposure to
peat biomass modulates the regulation of ventricular filling and ejection
volumes and may alter vascular resistance and pressure gradients across
the pulmonary circulation. Moreover, the early pulmonary responses
are indicative of airway sensory responses, which may have precipitated
the later cardiovascular responses. (This abstract does not reflect US EPA
policy).

2464 Identifying Responders to Tetrabromobisphenol
A (TBBPA) Using Marker Genes following Repeat
Oral Administration in Wistar Han Rats

S. M. Hall, S. J. Coulter, G. A. Knudsen, and L. S. Birnbaum.
National Cancer Institute, Research Triangle Park, NC.
Tetrabromobisphenol A (TBBPA) is the most commonly used brominated
flame retardant by volume, and human and environmental exposure is
widespread. A 2-year cancer bioassay done by the National Toxicology
Program concluded that TBBPA induces dose-dependent increases in
uterine tumors in female Wistar Han rats. Previous unpublished RNA-Seq
data from our laboratory has indicated that the expression of two genes
(Dbp and Usp2) in liver may predict whether an individual animal will
respond to TBBPA exposure. Dbp is a transcription factor and binds to
promoters of several genes, such as albumin, CYP2A4, and CYP2A5. Usp2
is an ubiquitin specific peptidase that removes ubiquitin from covalent
attachments to itself or other proteins. TBBPA (0.1, 25, or 250 mg/kg/
day) or vehicle was orally administered to pregnant female Wistar Han
rats from gestational day 6 (GD6) to post-natal day 21 (PND21). Dams
were sacrificed at PND21, and liver (left lobe) was collected at necropsy
and processed for RNA. Droplet digital PCR was used to measure gene
expression for Dbp and Usp2 for 73 dams. Results indicated that at the
highest dose tested (250 mg/kg) there were more animals with high
Dbp and Usp2 expression than any other dose group; however, even
within this high dose group, there were a few animals that showed
control levels of Dbp and Usp2 expression. Work is ongoing to determine
whether gene expression was changed in dam uterus. Additionally,
pups from these dams were dosed with TBBPA until PND90 and have
been aged out up to one year. Future directions include comparing
gene expression in pups continually dosed with TBBPA from GD6 to
PND90 to 12-week adults dosed for 5 days at the same dose. (This work
was supported by the Intramural Research Program of the National Cancer
Institute at the National Institutes of Health [Project ZIA BC 011476]).

2465 Tetrabromobisphenol A Increases MMP-9

Expression though NF-κB/AP-1 and Akt/ MAPKsDependent Pathway in Breast Cancer Cell

G. H. Lee, S. W. Jin, and H. G. Jeong. Chungnam National
University, Daejeon, Korea, Republic of.
Matrix metalloproteinases (MMPs) acts an important role in tumor
invasion, angiogenesis, inflammatory tissue destruction, and cancer
cell metastasis. Invasive cancer cells use MMPs to degrade the extracellular matrix (ECM) and basement membrane during metastasis.
MMP-9 expression contribute to cancer invasion and metastasis.
Tetrabromobisphenol A (TBBPA) is a widely used brominated flame
retardant that is persistent in the environment and detected in human
serum and breast milk. In this study, we investigated the effect of TBBPA
on MMP-9 expression in breast cancer cells. Treatment with TBBPA
increased the expression and enzymatic activity of MMP-9 in breast
cancer cells. Transient transfection with MMP-9 deletion promoter constructs revealed that the NF-κB and AP-1 response element contributed
to the effects of TBBPA. Furthermore, TBBPA stimulated phosphorylation
of, Akt, and MAPKs, are upstream signaling molecules which regulates
MMP-9 expression. Moreover, each inhibitor of NF-κB, AP-1, Akt, and
MAPKs inhibit TBBPA-increased MMP-9 mRNA expression. Our results
indicate that TBBPA-increased MMP-9 expression is mediated by NF-κB
and AP-1 transcription activation as a result of the phosphorylation of
Akt, and MAPKs signal pathways in Breast cancer cells.

2466 Developmental Perflorooctane Sulfonate

Exposure Decreases Hippocampal Long-Term
Potentiation In Vivo of Rat by Regulating AMPA
Receptors

W. Liu, Q. Zhang, F. Luo, H. Qin, and J. Li. Dalian University of
Technology, Dalian, China.
Perfluorooctane sulfonate (PFOS) is a persistent environmental contaminant, animal experiments and epidemiological investigations have
reported that PFOS could pass through the blood-brain barrier, affect
the development of the nervous system, and inhibit the formation of
cognitive abilities, while the underlying mechanism of PFOS-induced
neurotoxicity associated with learning and memory ability has not been
clarified. In this study, cross-fostered animal model was employed for
evaluating the effects of developmental PFOS exposure on long-term
potentiation (LTP), and the expression of α-amino-3-hydroxy-5-methyl4-isoxazole propionic acid (AMPA) receptors subunits (GluR1, GluR2) and
its phosphorylated protein in the total and membrane protein were also
detected. To further clarify the potential mechanism of PFOS-induced
LTP impairment associated with AMPA receptors trafficking, the primary
hippocampal neurons combined with AMPA receptor antagonist (NBQX)
were used to detect the intracellular calcium dynamic change and
the genes expression related to AMPA receptors edition and location.
Developmental PFOS exposure induced dose-dependent suppression
of LTP, inhibited input/output curve (I/O) and paired-pulse facilitation
(PPF), which suggested that developmental PFOS exposure affected the
synaptic transmission and plasticity in both pre- and post-synaptic cells.
Furthermore, developmental PFOS exposure decrease the mRNA and
protein expression of GluR1 and GluR2, along with the decrease of phosphorylated protein GluR1-s831 and protein kinase CaMKII-α expression.
The results indicated that PFOS affected the dynamic distribution of
AMPA receptor by changing the expression of AMPA receptors subunits,
enhanced the permeability of calcium ion and impaired the synaptic
plasticity. Moreover, PFOS exposure also decreased the expression of
GluR1 and GluR2 in the primary hippocampal neurons, induced calcium
overload, while NBQX inhibited the changes of PFOS on cellular calcium
homeostasis and the related genes expression. The present study preliminarily revealed the critical mechanism of AMPA receptors trafficking
in PFOS-induced impairment on learning and memory abilities and provided the electrophysiological evidence for the developmental neurotoxicity of PFOS.

2467 The Comparison of Cytotoxicity and hL-FABP

Binding Capacity between PFASs Legacies and
Fluorinated Alternatives

N. Sheng, J. Wang, R. Cui, and J. Dai. Institute of Zoology, Chinese
Academy of Sciences, Beijing, China.
With the abolishment of producing and using long-chain perfluoroalkyl
acids and related substances in industry, using shorter-chain homologues or other types of (non)fluorinated chemicals as alternatives has
become a trend. Although some of them have been used for years, safety
information, especially toxicity, of these alternatives remained unclear,
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2463 Peat Biomass Smoke Particle Exposure in Rats

imperfect, and urgently needed. In the present study, the cytotoxicity of
five fluorinated alternatives (6:2 Cl-PFAES, 6:2 FTCA, 6:2FTSA, HFPO-DA
and HFPO-TA) were measured and compared with two legacies (PFOA
and PFOS) as well as their binding affinity and mode to hL-FABP protein,
which has been found to play a role in hepatotoxicity for legacies. After
exposure with different concentration of alternatives and legacies for
24 h, cell viabilities and IC50 of each compound were measured by MTT
assay and Neutral Red assay, showing similar toxicity to cell viabilities
for 6:2 Cl-PFAES, 6:2 FTSA and HFPO-TA, and much weak toxicity for 6:2
FTCA compared with PFOA and PFOS. Flow cytometry results implied a
similar mode for alternatives to affect cell cycle: inhibiting S phase and
simulating G0/G1 phase, which was the opposite of PFOA/PFOS effect
mode obtained in our previous studies. By using fluorescence displacement assay, we analyzed the binding affinity of alternatives as well as
PFOA and PFOS to hL-FABP. Results showed that the binding affinity to
protein was decreased in the order of 6:2 FTCA < 6:2 FTSA < HFPO-DA
< PFOA <PFOS/6:2 Cl-PFAES/HFPO-TA, suggesting the possible weak
toxicity for 6:2 FTCA, 6:2 FTSA and HFPO-DA compared with PFOA/PFOS.
In addition, molecular docking was used to reveal the binding mode
between hL-FABP protein and these compounds. Compared with PFOA
and PFOS, which can bind with both two binding sites (one inner and
one outer) of protein, alternatives showed different binding modes: for
6:2 Cl-PFAES, 6:2 FTCA and 6:2FTSA, the inner site was the major; while
for HFPO-DA and HFPO-TA, the binding site was the outer one. Taken
together, 6:2 FTCA and HFPO-DA has weak cytotoxicity as well as protein
binding capacity, 6:2 Cl-PFAES and HFPO-TA has the similar cytotoxicity and binding capacity with PFOA and PFOS through different action
mode. Our studies here will contribute to the supplement of toxicity
information for these alternatives.

2468 Relationship between Peroxisome ProliferatorActivated Receptor Alpha Activity and Cellular
Uptake of 14 Perfluoroalkyl Substances in
HepG2 Cells

A. K. Rosenmai, T. le Godec, L. Ahrens, J. Lundqvist, and A.
Oskarsson. Swedish University of Agricultural Sciences, Uppsala,
Sweden.
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Perfluoroalkyl substances (PFASs) are a group of emerging contaminants
with high persistence in the environment, long half-lives in humans, toxicity in various organ systems and routinely detected in human blood
worldwide. One target organ for toxicity is the liver and the effects
are partially mediated through the peroxisome proliferator-activated
receptor alpha (PPARα). In recent years there has been a change to PFASs
with short chain-lengths, however less is known about their toxicity.
We examined the ability of 14 PFASs to activate PPARα and their cellular uptake in human hepatocarcinoma HepG2 cells. Test compounds
included perfluoroalkyl carboxylates (PFCAs), perfluoroalkyl sulfonates
(PFSAs), and perfluorooctane sulfonamide (FOSA) representing perfluorocarbon chain-lengths from 3 to 13. PFASs were tested at non-cytotoxic
concentrations of 0, 10, 30 and 100 µM. PPARα activity was tested in cells
transiently transfected with the human PPARα and a luciferase plasmid
responsive to ligand-activated human PPARα. Cellular uptake of PFASs
was analyzed by liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS). The PFASs induced the activity of the PPARα with a few
exceptions. Increased activity was observed with increasing PFCA perfluorocarbon chain-lengths up to and including C7 (up to 4-fold increase
in activity). PFCAs generally had higher activity than PFSAs. The cellular
PFAS uptake was low (0.04-4.1%) with the highest uptake observed
for PFCAs with long chain-lengths. The uptake was higher for PFCAs
than for PFSAs. A significant positive relationship between the PPARα
activity and the cellular uptake was observed for all PFASs, with a few
exceptions. Noteworthy, short-chain PFASs exhibited activity at low cellular concentrations. The results demonstrate that the perfluorocarbon
chain-length and functional head group affect both PPARα activity and
cellular uptake. Despite the relatively low cellular uptake most of the
tested PFASs, including the short-chain PFCAs, exhibited PPARα activity,
suggesting that short-chain PFASs may be of toxicological concern
regarding their PPARα activity.

2469 Perfluorooctanoic Acid (PFOA) Stimulates

Inflammatory Cytokine Secretion: Implications
for PFOA-Mediated Tumor Promotion

L. M. Kamendulis, J. M. Hocevar, and B. A. Hocevar. Indiana
University, Bloomington, IN.
Perfluorooctanoic acid (PFOA) is a chemical that is widely used in consumer and industrial applications and has been shown to induce liver,
Leydig and pancreatic acinar cell tumors in rodents. We have previously
shown that 7 day exposure of C57BL/6 mice to PFOA led to an increase
in oxidative stress in both the pancreas and the liver; however the

source of the oxidative stress was not determined. One potential source
of oxidative stress is activation of immune cells, such as T cells, neutrophils and macrophages, which can directly produce reactive oxygen
species as well as inflammatory cytokines, both of which contribute to
cancer progression. Tissue resident macrophages and bone marrow-derived macrophages contribute to production of cytokines following an
inflammatory insult. Exposure of macrophages to inflammatory cytokines can trigger changes indicative of either M1 or M2 polarization,
both of which have been implicated in cancer progression. In pancreatic cancer, the presence of M2 macrophages in the tumor stroma has
been associated with decreased patient survival and advanced tumor
progression. As both the liver and pancreas are target organs for the
effects of PFOA in vivo, we hypothesized that immune cells such as the
resident liver macrophage, the Kupffer cell, and peripheral monocytes,
recruited from the bone marrow, contribute to the inflammatory reaction observed following PFOA treatment, and thus tumor promotion in
the liver and pancreas. To test this hypothesis, the mouse Kupffer cell
line, ImKC, and RAW 264.7 mouse macrophages were treated with PFOA,
in the presence or absence of stimuli that would trigger M1 (LPS, IFNγ) or
M2 (IL4, IL13) macrophage polarization. We found that PFOA stimulated
mRNA induction and/or secretion of multiple inflammatory cytokines,
including IL1α, TNFα, CCL5 and CXCL10 in both cell lines. Co-treatment
with IL4/IL13 and PFOA led to enhanced expression of M2-specific
genes, such as Arg1 and Mgl1, in ImKC and RAW 264.7 cells. In addition,
we found that exposure of C57BL/6 mice to drinking water containing
5ppm PFOA for 7 days increased serum levels of IL1α and increased infiltration of macrophages in the pancreas. Together, these results suggest
that one mechanism through which PFOA may contribute to tumor progression is through its effects on macrophage phenotype and induction
of inflammatory cytokine expression and secretion.

2470 Comparison of Liver Homogenization

Techniques for the LC-MS/MS Analysis of PFHxS,
Pfoa, and Pfos

J. D. Zitzow, J. A. Hart, R. M. Krisko, and S. Chang. 3M Company, St.
Paul, MN.
Perfluorohexanesulfonate (PFHxS), perfluorooctanoate (PFOA), and
perfluorooctanesulfonate (PFOS) are environmentally persistent compounds. In laboratory animal studies, because they are primarily distributed to blood and liver, these two matrices are routinely analyzed
for the concentrations of these compounds. For the analytical determination in the liver samples, tissue homogenization becomes a critical step in the process. The purpose of this study was to compare the
results of three tissue preparation techniques using rat liver samples.
Male Sprague Dawley rats (n = 4 / group) received a single oral dose (5
mg/kg) of either potassium PFHxS (in 0.5% Tween 20), ammonium PFOA
(in distilled water), or potassium PFOS (in 0.5% Tween 20). At 24 hours
post-dose, livers were harvested and each liver sample was sub-divided
into 15 individual sections. Liver samples were further processed with
either a hand-held probe-based batch mixer (followed by solid phase
extraction), a bead-based automatic homogenizer (followed by solid
phase extraction), or total digestion with 3N KOH (followed by neutralization). Five liver sections per rat were evaluated for each process
and all the samples were subjected LC-MS/MS for the determination
of PFHxS, PFOA, or PFOS concentrations. Compared to the liver probebased batch mixer, our data demonstrated that liver concentrations for
these compounds were 10 - 20% higher when processed using either
base digestion or bead-based automatic homogenizer.

2471 Evaluation of Low Dose Perfluorooctane

Sulfonate (PFOS) in Diet-Induced Non-Alcoholic
Fatty Liver Disease (NAFLD)

M. Pfohl, M. Aubustan, C. Picard, E. Martell, H. Ma, M. MacArthur, N.
Seeram, and A. Slitt. University of Rhode Island, Kingston, RI.
Obesity, diabetes, and insulin resistance are all risk factors associated
with the development of hepatic steatosis and non-alcoholic fatty liver
disease (NAFLD). It is estimated that 20-30% of the population present
with NAFLD in the United States alone. The contribution of environmental exposures as risk factors for fatty liver disease is not well known.
Perfluorooctane sulfonate (PFOS) is a widespread environmental toxicant that persists in over 98% of the general population, according to
a study conducted by the CDC. The aim of this study was to evaluate
whether PFOS exposure in combination with a moderately high-fat
diet, augmented hepatic lipid content and biomarkers associated with
NAFLD. 6-week-old male C57BL/6 mice were fed either a 10% kCal low
fat diet (LFD) or 45% Kcal high fat diet (HFD), with or without 0.0003%
PFOS (LFD-PFOS and HFD-PFOS, respectively) for 12 weeks. The HFD
increased liver weight by about 30% and body weight by 50% compared
to the LFD controls. HFD-PFOS administration increased liver weight by

2472 Dietary Omega-3 Polyunsaturated Fatty

Acids Prevent Vascular Dysfunction and
Attenuate Cytochrome P4501A1 Expression by
2,3,7,8-Tetrachlorodibenzo-p-dioxin

Walker3,

Wiest3,

Rothe1,

Schunck2.

M. K.
E. F.
M.
and W.-. H.
1Lipidomix GmbH, Berlin, Germany; 2Max Delbrück Center for
Molecular Medicine, Berlin, Germany; and 3University of New
Mexico, Albuquerque, NM.
Omega-3 polyunsaturated fatty acids (n-3 PUFAs) found in fish protect
against cardiovascular morbidity and mortality; however, many individuals avoid fish consumption due to concerns about pollutants. We
tested the hypothesis that n-3 PUFAs would prevent vascular dysfunction induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). C57Bl/6
male mice were fed a chow or n-3 PUFA diet for 10 weeks and were
exposed to vehicle or 300 ng/kg/d TCDD during the final 2 weeks on
each diet. Aortic vasoconstriction mediated by arachidonic acid (AA)
± SKF525 (P450 inhibitor) or SQ29548 (thromboxane/prostanoid (TP)
receptor antagonist) was assessed. RBC fatty acids and expression of
n-3 and n-6 PUFA metabolites were analyzed. Cytochrome P4501A1
(CYP1A1), CYP1B1, and aryl hydrocarbon receptor (AHR) expression was
measured. TCDD significantly increased AA-mediated vasoconstriction
on a chow diet by increasing the contribution of P450s and TP receptor
to the constriction response. In contrast, the n-3 PUFA diet prevented
the TCDD-induced increase in AA vasoconstriction and normalized the
contribution of P450s and TP receptor. While TCDD increased the levels
of AA vasoconstrictors on the chow diet, this increase was prevented by
the n-3 PUFA diet. Additionally, the n-3 PUFA diet significantly increased
the levels of n-3 PUFA-derived vasodilators and TCDD increased these
levels further. Interestingly, the n-3 PUFA diet significantly attenuatedCYP1A1 induction by TCDD without a significant effect on AHR expression. These data suggest that n-3 PUFAs can prevent TCDD-induced
vascular dysfunction by decreasing vasoconstrictors, increasing vasodilators, and attenuating CYP1A1 induction, which has been shown previously to contribute to TCDD-induced vascular dysfunction.

and muscle. Radioactivity accumulated in the skin reaching a peak at
100 min post-exposure, after which it slowly declined. [14C]PCB28 concentration steadily accumulated in adipose tissue across all time points.
From 200 min to 720 min post-exposure there was a slight rise in [14C]
PCB28 concentration in digestive matter of the stomach, feces, and
urine. Data indicate that absorption of PCB28 by the lung is nearly complete, and PCB28 is distributed rapidly to all tissues of the body within
minutes following inhalation exposure. The time course and tissue distribution is comparable to [14C]PCB11, while elimination of [14C]PCB28 is
considerably slower. (Funded by: NIH P42ES013661 and NIH P30ES005605)

2474 Rapid High-Throughput Screening of Dioxin-Like
Aryl Hydrocarbon Receptor (AhR) Agonists Using
an Autobioluminescent Yeast Assay

A. Young2, T. Xu2,1,, E. Marr2, S. Ripp1, and D. Close1. 1490 BioTech
Inc., Knoxville, TN; and 2University of Tennessee, Knoxville, TN.
The aryl hydrocarbon receptor (AhR) and AhR nuclear translocator
(ARNT) complex is a crucial signaling component that regulates the
expression of a diverse set of genes involved in the response to exposure to environmental xenobiotics including dioxin and dioxin-like compounds (DLCs). Perturbations of the AhR/ARNT signaling pathway upon
DLC exposure have been linked to a variety of adverse health effects,
including deficiencies in reproduction and development, disruption of
the endocrine system, neurotoxicity, immunotoxicity, cancer, and metabolic diseases. Due to their extreme stability, ability to bioaccumulate,
and substantial toxicological effects, it is critical to monitor and quickly
detect DLCs and provide a rapid tier 1 toxicity evaluation for environmental security and public health risk assessment. Here we report the
development of a high-throughput autobioluminescent yeast assay for
rapid, cost-effective, and quantitative detection of DLCs and other AhR
agonists. We have engineered an autobioluminescent Saccharomyces
cerevisiae reporter strain expressing AhR, ARNT, and an autobioluminescent lux reporter cassette under the control of xenobiotic response elements (XREs). This bioreporter is capable of self-initiating its autobioluminescent signal output upon exposure to AhR agonists without cellular
lysis or exogenous addition of a light-activating agent, thus allowing
for continuous, real-time monitoring of test compounds throughout
the full exposure period. We have validated this bioreporter against the
potent AhR ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in a highthroughput 96-well plate assay format, showing a sigmoidal dose-response relationship with a half maximal effective concentration (EC50)
of approximately 1.1 × 10-9 M within 6 hours of exposure. The effect
of alternative dioxin-like AhR agonists benzo-a-pyrene and polychlorinated biphenyl (PCB) congener 126 have also been tested using the
autobioluminescent yeast assay, resulting in EC50 values of 5.4 × 10-7
M and 5.9 × 10-9 M, respectively. These results demonstrate that the
autobioluminescent yeast assay provides a rapid and cost-effective
means for toxicological profiling of dioxin-like AhR agonists in a highthroughput fashion.

2473 Absorption, Distribution, Metabolism, and

2475 Comparative QSAR Analysis of Mono-

N. Brandon, A. Adamcakova-Dodd, and P. S. Thorne. University of
Iowa, Iowa City, IA.

P. Ruiz1, M. Mumtaz1, O. Faroon1, and K. Ingale2. 1ATSDR/CDC,
Atlanta, GA; and 2VLife Sciences Tech. Pvt. Ltd., Pune., India.

Although the production of polychlorinated biphenyl (PCB) technical
mixtures has been banned in the US since the 70’s, they remain ubiquitous in the environment. Due to the persistence of PCB’s in air, inhalation is a significant route of exposure. PCBs released from various
building materials have been shown to contaminate the indoor air in
homes and schools. In the AESOP Study, an epidemiologic study of PCB
exposures among school children and their mothers, PCB28 was found
in the serum of over 20% of participants. Data are lacking on the absorption, distribution, metabolism, and excretion (ADME) of inhaled PCBs
and on the biological fate and dose-specific toxicological endpoints. In
order to inform toxicokinetic modeling for risk-assessment, we are conducting ADME toxicological studies with lung exposure to radiolabeled
PCBs and evaluating uptake from the lung and the distribution, metabolism, and excretion of di-, tri- and tetra-chlorinated biphenyls. Male
Sprague-Dawley rats were exposed to >99% pure [14C]PCB28 via intratracheal instillation at a dose of 40 µg/rat. 37 tissue types and digestive
matter from five separate compartments of the gastrointestinal tract
were excised and measured by scintillation counting. Exhaled air and
excreta were also collected and analyzed. Measurements were made at
12.5, 25, 50, 100, 200, 400, 720, and 1440 min post-exposure. Data show
that pulmonary uptake exceeded 99%. [14C]PCB28 entered the blood
stream and distributed quickly to tissues 12.5 min post-exposure. The
muscle, skin, and liver held the majority of the radiation for this time
point. [14C]PCB28 concentration followed a first-order decay in the liver

Mono-hydroxylated polychlorinated biphenyls (OH-PCBs) are found in
human biological samples and lack of data on their potential estrogenic
activity has been a source of concern. We have extended our previous
in silico 2D QSAR study through the application of advance techniques
such as docking and 3D QSAR to gain insights into their estrogen
receptor (ERα) binding. The individual interactions of the compounds
along with the docking scores provided a justification for their activity.
The k-nearest neighbor (kNN) approach based 3D QSAR model could
correctly classify the biological activity of >80% molecules in both the
training and test sets. The results support our earlier findings that the
hydroxyl group is the most important feature on the compounds; its
position, orientation and surroundings in the structure are influential
for the binding of OH-PCBs to ERα. This study has also revealed the
following additional interactions that influence estrogenicity of these
chemicals: (a) the aromatic interactions of the biphenyl moieties with
the receptor, (b) hydrogen bonding interactions of the p-hydroxyl group
with key amino acids ARG394 and GLU353, (c) low or no electronegative
substitution at para-positions of the p-hydroxyl group, (d) enhanced
electrostatic interactions at the meta position on the B ring, and (e)
co-planarity of the hydroxyl group on the A ring. In combination the
2D and 3D QSAR approaches support the conclusion that the hydroxyl

Excretion of Intratracheally Instilled 14C-labeled
PCB28

Hydroxylated Polychlorinated Biphenyls as
Potential Estrogen Receptor Binders
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50% and body weight by almost 40% when compared to the LFD group.
LFD and LFD-PFOS groups had similar body weights and liver weights,
with LFD-PFOS trending toward increased liver weight (p<0.06). The
HFD increased liver lipids by 72% and HFD-PFOS by 153% compared to
LFD controls. HFD-PFOS administration increased total liver lipids significantly compared to the HFD controls (p<.001). Triglycerides increased
50% with HFD and 25% with HFD-PFOS compared to LFD alone. LFDPFOS decreased triglycerides by 35%. Both HFD-PFOS and LFD-PFOS
administration trended toward decreased non-esterified free fatty acids
(NEFA) compared to the LFD controls, while HFD increased NEFA by
35%. The data suggests that PFOS exposure at an environmentally relevant dose (0.0003%) may have an adverse effect on total hepatic lipid
accumulation when combined with a HFD, but more work needs to be
performed to understand which lipid moieties are dysregulated.

group is the most important feature on the OH-PCB influencing the
binding to estrogen receptors. These studies have enhanced our understanding of the mechanistic details of estrogenicity of this class of chemicals. Such consensus in silico approaches could serve as useful tools in
risk assessment of these chemicals and other classes of chemicals.

2476 Toxicokinetic Model for Estimating Childhood
Body Burdens of Polychlorinated Biphenyls

Leung1,

Kerger3. 1Consultant,

H.-W.
A. E.
and B. D.
Philadelphia, PA; 2Exponent, Alexandria, VA; and 3Exponent, Irvine,
CA.
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The intrinsic half-life of dioxin-like polychlorinated dibenzofuran
(PCDFs) has been shown to follow age-dependent patterns reflecting
more rapid body burden reduction in infants and young children, but
similar trends have not been demonstrated for polychlorinated biphenyls (PCBs) largely due to confounding influences of continuing background exposures. A one-compartment toxicokinetic model was developed to examine the range of childhood (ages 0-7 years) body burdens
of selected PCB congeners including 4 non-dioxin-like congeners (PCB
138, 153, 170, 180) and the 12 dioxin-like PCB congeners. The model
assumes distribution of PCBs solely into adipose volume. It allows for
examination of varied assumptions on childhood half-life for each congener and incorporates recent data on background body burden at
birth and dietary intake (e.g., from 3 months of breastfeeding/formula,
foods, etc.). A default assumption that children have congener-specific
half-life values similar to adults was compared to two sets of plausible
age-dependent values based on: (A) similarly chlorinated PCDF data
or (B) PCDF data augmented with specific PCB congener data reported
for Faroe Island children exposed via whale blubber diet. Peak TEQ and
summed PCB concentrations occurred after 3 months of breastfeeding
for all half-life assumptions; use of adult half-lives resulted in a sharper
rise to peak concentration. Applying adult half-lives resulted in peak
concentrations ~3-fold higher than when age-dependent half-lives were
assumed; time-weighted average (TWA) concentrations from 0-7 years
were 7- (B) to 15-fold (A) higher. Predicted TEQ and summed PCB concentrations using adult half-lives decreased more slowly and remained
higher than those predicted using child half-lives; age 7 concentrations
were 6- (B) to 18-fold (A) higher. Sensitivity analyses indicated that PCB
congeners 114, 156, and 157 contributed most to TEQ and summed PCB
concentrations in children. Comparisons of the model predictions to
published serum lipid PCB data for children affirm the importance of
considering age-dependent changes in PCB congener intrinsic half-life
when evaluating exposures and dose-response relationships for young
children. Additional data are needed to determine whether or not PCB
congener intrinsic half-lives in children exceed those reported for similarly chlorinated PCDFs.

2477 Polychlorinated Biphenyls and Relative

Telomere Length in the Anniston Community
Health Survey

Callahan2,

Pavuk1,

Ren4,

Birnbaum3,

Olson4,

C. L.
M.
X.
L. S.
J. R.
and M. R. Bonner4. 1CDC, Atlanta, GA; 2National Cancer Institute,
Bethesda, MD; 3NIEHS, Research Triangle Park, NC; and 4University
at Buffalo, Buffalo, NY.
Exposure to PCBs has been associated with increased risk of melanoma
and non-Hodgkin lymphoma in most, but not all, epidemiologic studies.
Although the carcinogenic mechanisms of PCBs remain to be elucidated, PCBs have been demonstrated to upregulate the proto-oncongene c-myc in vitro, which could contribute to telomere lengthening.
Furthermore, long relative telomere length (RTL) in DNA from peripheral
blood has been associated with increased risk of developing melanoma
and non-Hodgkin lymphoma. The objective of the current study was to
assess the association between serum PCBs and RTL among residents
of Anniston, Alabama where PCBs were manufactured from 19291971. RTL of DNA extracted from stored blood clots was measured in
a subset of 227 African-American and 329 white Anniston Community
Health Survey (ACHS) participants. We used multiple linear regression
to estimate the association between 27 individual PCB congeners, PCBs
grouped by enzyme induction activity, and sum PCBs, adjusting for age
in years, age in years squared, total lipids, plate, smoking status, diabetes, education, alcohol use in the past 30 days, and body mass index
while stratifying by race. ACHS participants had serum levels of PCBs
1.5 to 3.5 times greater than NHANES participants of similar race and
age. Among white ACHS participants, those in the third quartile of sum
PCBs had 8.20% longer relative TL (95% CI: 1.93; 14.85) and those in the
fourth had 7.08% longer relative TL (95%CI: -0.67; 15.44) than those in
the first quartile (p-quadratic = 0.05). The individual PCBs 105, 118, 167,
99, 153, 183, 187,196, and 199 were significantly associated with longer
RTL among whites. PCB 118 was associated with longer RTL among

African American participants; we did not observe any other significant
associations among African American participants. The positive association we observed among whites is in accord with previous reports and
may provide insight into the cancers associated with exposure to PCBs.
(Funded in part by the intramural program of NCI/NIH and R25CA113951)

2478 Assessment of Polychlorinated Biphenyls (PCBs)

Levels in Serum from Iowa Construction Workers

Flor2,

S.
S. H. Enayah2, R. F. Marek2, K. C. Hornbuckle2, D. L.
Simmons1, B. R. Wels1, K. M. Kelly2, L. J. Fuortes2, and G. Ludewig2.
1Iowa State Hygienic Laboratory, Iowa City, IA; and 2University of
Iowa, Iowa City, IA.
PCBs are man-made synthetic organic compounds which were used in
industrial and commercial applications like oils in transformers, dielectrics in capacitors, hydraulic fluids, caulk, sealants and are current inadvertent byproducts in paints. Heavy metals like lead are also found in
paint and other old building materials. Our hypothesis is that construction workers are occupationally co-exposed to PCBs and lead from old
building materials and this co-exposure has adverse health effects. After
completing an interviewer-administered questionnaire addressing
demographics, work history, and other possible sources of lead and
PCBs exposure, blood was collected from more than 80 construction
workers in eastern Iowa. Oxidative DNA damage was assessed by measuring 8-oxo-dG in plasma. DNA damage in lymphocytes was assessed
using the comet assay which measures recent induction of DNA strand
breaks. Paraoxonase (PON1) activity in serum was determined spectrophotometrically using two substrates. Plasma lead, cadmium and
mercury levels were measured with inductively coupled plasma mass
spectrometry (ICP-MS). Using a highly selective method all 209 PCB
congeners were analyzed as 174 chromatographically-resolved peaks
with a GC/MS/MS triple quad. A full suite of quality control measures,
including NIST Standard Reference Materials, was applied to optimize
and assess the analytical method for our target compounds. Preliminary
data suggest the sum of PCBs in serum range from 0.25ng/g to 4ng/g
serum. Lead, cadmium, and mercury levels vary between 0.11-1.59,
0.09-4.37, 0-4.37 ug/l serum, respectively. Correlation analysis of PCB
exposure, metals and DNA damage are ongoing. This project will add to
our knowledge base of occupational PCB and metal exposure and will
provide essential data to facilitate the protection of workers. (Support by
the Heartland Center and Iowa Superfund Research Program P42 ES01366)

2479 Serum microRNA Biomarker Identification
in a Residential Cohort with Elevated
Polychlorinated Biphenyl Exposures

B. Chorley3, G. Carswell3, G. M. Nelson3, M. M. Angrish3, H. Clair2,
C. M. Pinkston2, M. Pavuk1, and M. C. Cave2. 1ATSDR, Atlanta, GA;
2University of Louisville, Louisville, KY; and 3US EPA, Durham, NC.
Exposure to liver toxicants can result in or exacerbate fatty liver disease.
Recent evidence suggests that serum-derived microRNAs (miRs) may
improve identification of chemical-induced fatty liver disease relative
to traditional protein-based biomarkers alone. Historical serum samples
from the Anniston Community Health Survey (ACHS) - a residential
cohort exposed to polychlorinated biphenyls (PCBs) levels approximately 2-3 fold higher than the average U.S. population - were used
to identify miR biomarkers of PCB exposure. Cytokeratin 18 M65 fragments (CK18 M65), a biomarker of necrotic hepatocytes and an indirect
indicator of toxicant-induced steatohepatitis, was measured to select a
subset of 152 samples from the 738 sample cohort. We designated 76
samples with levels greater than 300 U/L as the high CK18 M65 group
and 76 samples with levels less than 300 U/L were designated as the low
CK18 M65 group. To determine whether miR profiling could be used
to further stratify cohort samples, a suite of 68 miRs were assessed for
differential gene expression patterns. While miR-21-5p expression was
decreased and miR-320a was increased in the high CK18 M65 cohort,
correlation of miR-21-5p or miR-320a expression to the continuous
range of CK18 M65 measurements was not significant. Interestingly,
miR-122-5p, a well-established indicator of hepatocyte toxicity, was
markedly differentially expressed across samples. Study samples were
therefore stratified based on miR-122-5p expression. In samples with
miR-122-5p levels elevated twice the standard deviation of the mean,
79% also exhibited CK18 M65 measurements > 300 U/L. This suggests
that elevated miR-122-5p might serve as an indicator of more extensive
liver injury. Taken together, while selected serum miRs did not correlate
with the toxicant-induced steatohepatitis biomarker CK18 M65, they
may indicate other facets of fatty liver disease and severity. The abstract
does not necessarily reflect the views and the policies of the Agency.

Excretion and Pharmacokinetics in the SpragueDawley Rat

M. W. Himmelstein. DuPont Haskell Global Centers, Newark, DE.
The excretion and pharmacokinetics (PK) of 1,3-[U-14C]propanediol were
studied in male and female Sprague-Dawley rats to support regulatory
product registration for food and flavor application. Experiments were
conducted to understand excretion rates in exhaled breath, urine and
feces and PK of 14C residues in plasma. The doses were 30 mg/kg in
water for oral and 3 mg/kg in saline for intravenous (IV) dose administration, respectively. Dose preparation specific activities were 160 or
400 μCi/kg bw for the excretion or PK experiments, respectively. Two
sets of rats (1/sex) were used for the excretion experiment at the 30
mg/kg bw dose level. Overall 14C recovery ranged from 82.4-94.0% with
the majority of the dose recovered as exhaled CO2 (68.3-80.2%) > urine
(7.7-8.6%) > carcass+blood (4.3-6.4%) > feces (1.0-1.4%) > cage wash
(<LOQ - 0.04%). Exhalation as 14CO2 was rapid, the majority (65.6 ± 4.7%,
n=4 rats) of which occurred 0-6 hours after dose administration. The
remaining 5.5% of the dose was eliminated at a slower rate (exhalation
t1/2 = 31 hours). Two sets of rats (1/sex) were dosed for the PK experiment, one by oral gavage (30 mg/kg bw) and one intravenously (3 mg/
kg bw). Oral uptake was 100%. The plasma concentrations time course
data were biphasic with an initial rapid distribution phase that occurred
through 24 hours after dose administration followed by transition to a
slower terminal elimination phase from 48 to 168 hours. The terminal
elimination half-life values were consistent across sex and dose route:
mean (±SD) t1/2 = 55.5 (±0.4) hours (n=4 rats). RBC-to-plasma concentration ratios ranged from 4:1 to 8:1 by 168 hours, indicating some retention of 14C residues by cellular components. The excretion and PK data
were consistent with the known metabolism of 1,3-propanediol and its
intermediate metabolites.

2481 Consideration of Inhalational Studies for

Quantitative Risk Assessment of Oral Exposure

S. V. Kabadi, P. A. Rice, A. Neal Kluever, and K. Jacobs. US FDA,
College Park, MD.
The occurrence of distal site tumors in rodent inhalation bioassays, or
in humans upon occupational inhalational exposure in epidemiology
studies can be informative when assessing the potential carcinogenic
risk of oral exposure to a test substance. However, the toxicokinetic
profile of a compound may be dependent on the exposure route and
physicochemical properties, which may, in turn, affect the systemic
effects. Therefore, the relevance of results from inhalation studies to
quantitative oral risk assessment needs to be explored. This project
compares the effect of the exposure route on the toxicokinetic profiles of compounds, using solvents and metals as examples, to determine whether extrapolation from inhalation studies to oral exposure
is a valid approach for each class of compounds. Solvents such as N,Ndimethylformamide, styrene and cumene have similar pharmacokinetic profiles irrespective of the exposure route. Physiologically-Based
Pharmacokinetic (PBPK) Modeling can be used to calculate an equivalent oral exposure from inhalation exposure that would result in the
same tissue concentrations allowing for a target tissue dose comparison
between the two routes. Therefore, in such cases data from inhalation
studies can provide a quantitative comparison for the oral dose that
is adequately conservative. In contrast, bioassay data from inhalation
studies for metals, such as cobalt and nickel salts, cannot be extrapolated to oral exposure due to route-dependent differences in pharmacokinetic profiles. Studies suggest that the gastrointestinal absorption
of metals from inorganic metal salts in different species, including
humans, is incomplete and varies from 1 to 97% depending on their
chemical form and solubility. Furthermore, a majority of the absorbed
dose is cleared in the urine and a significant concentration of the metals
is retained in the liver and kidneys for several days. On the other hand,
inhaled metals are cleared slowly from the lungs, resulting in longer lung
retention times, extended biological half-lives, and increased potential
toxicity. In conclusion, the use of inhalational studies for quantitative
risk assessment for oral exposures depends on several factors, including
pharmacokinetics, and should be performed on a case-by-case basis.

2482 A Population-Wide Study of Metabolism and

Toxicodynamics of Trichloroethylene Using
Collaborative Cross (CC) Mouse Panel Provides
Critical Insights into the Mechanisms of InterIndividual Variability

A. Venkatratnam. University of North Carolina at Chapel Hill,
Chapel Hill, NC.
Metabolism of trichloroethylene (TCE) is critical for the adverse effects
in the liver and other tissues and previous studies in multistrain panels
of mice demonstrated inter-strain differences in TCE metabolism and
toxicity. While the inter-strain variability in effects of TCE have been
characterized, suggesting that genetics is a driver of variability, previous studies were not powered to enable investigation of susceptibility loci and their contribution to the mechanisms of susceptibility.
We tested a hypothesis that genetically diverse CC mice will enable the
discovery of candidate genes associated with inter-strain differences in
TCE metabolism and toxicodynamics (TD). 50 CC strains were exposed
to a single oral dose of TCE (0, 24, 80, 240 or 800 mg/kg) and tissues
were collected. In liver, levels of trichloroacetic acid (TCA) and PPARαresponsive transcripts were more than 10-fold variable across strains
and positively correlated with each other. No correlation in activity of
ADH and ALDH, CYP1A1, or protein levels of CYP2E1 in liver with TCA
levels was observed, despite these were highly variable among strains.
Genome-wide association mapping identified several loci on chromosome 2 as significantly associated with variability in TCE metabolism and
TD. To narrow the loci, we examined expression of several candidate
genes and identified two PPAR-controlled genes - Acot8 and Fitm2 as
the likely candidates for association with TCA levels in liver. Similarly,
PPARγ-responsive gene Lrp1b was also identified as a candidate driver
of variability in TCE TD. These data demonstrate the key role of PPARmodulated pathways in variability of response to TCE and provide additional evidence that PPAR-mediated molecular events may modulate
TCE metabolism, an observation which establishes important novel
feed-back mechanism in the adverse outcome pathway elicited by TCE
and other chlorinated solvents.

2483 Toxicokinetics of Sulfolane in Male and Female

Harlan Sprague Dawley Rats and B6C3F1/N Mice
following Oral Gavage Administration

T. R. Fennell2, S. Black2, P. Patel2, T. Uenoyama2, B. L. Fletcher2,
S. D. Cooper2, M. A. Rehder Silinski2, R. A. Fernando2, V. Godfrey
Robinson1, C. R. Blystone2, and S. Waidyanatha2. 1National
Toxicology Program/NIEHS, Research Triangle Park, NC; and 2RTI
International, Research Triangle Park, NC.
Sulfolane is used in oil and gas refining, and has been found as a ground
water contaminant in Alaska. As a component of the toxicity testing
of sulfolane, toxicokinetic studies were conducted following gavage
administration (10, 30 or 100 mg/kg) of sulfolane to male and female
Harlan Sprague Dawley rats and B6C3F1/N mice. Blood was collected
from 5 min up to 24 h after dosing and plasma was prepared for analysis by GC-MS. Sulfolane concentrations vs. time were analyzed using
a one-compartment model in WinNonlin. In rats, half-life and AUC
increased non-linearly with increasing dose, implying a saturation of
metabolism/elimination. Elimination half-lives ranged from 2.2 (male) to
1.6 h (female) at the lowest dose to 5.1 h (males) and 6.8 h (females) at
the highest dose. AUC values for rats ranged from about 33,500 h*ng/mL
at 10 mg/kg to about 1,070,000 h*ng/mL at 100 mg/kg. In mice, elimination half-lives were shorter (0.34 h in females and 0.29 h in males) than
rats after a 10 mg/kg oral dose. As with rats, half-life and AUC in mice
increased non-linearly with increasing dose. AUC values in mice ranged
from about 5,000 h*ng/mL at 10 mg/kg to about 300,000 h*ng/mL at
100 mg/kg. Apparent volume of distribution following oral administration was approximately 0.3-0.8 L/kg in rats and mice. Tmax for rats was
generally about 1-1.5 h while that for mice was about 0.3 - 1.2 h, with
longer Tmax for both species at the highest dose. Clearance decreased
in both rat and mouse as the dose increased and mouse clearance rates
were 4-6 times higher than rat. Bioavailability (10 mg/kg) was 82% in
both male and female rats, and was lower in mice (67% in females and
61 % in males) than in rats. This study demonstrated rapid uptake and
elimination, substantially faster uptake and elimination in mice compared with rats, a higher bioavailability in rats compared with mice, and
little difference between males and females. In both rats and mice, a
sub-linear relationship was observed between dose and plasma AUC,
suggesting a saturation of metabolism/elimination.
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2480 Screening Evaluation of 1,3-Propanediol

2484 Ketoconazole Inhibition of Midazolam

Metabolism to 1’OH-Midazolam in the Chimeric
Mouse with Humanized Liver and the SCID
Mouse

I. A. de Lannoy1, M. Kakuni2, S. Pan1, J. Izhakova1, A. Kitayev3, and
Y. Morikawa3. 1InterVivo Solutions Inc, Toronto, ON, Canada;
2PhoenixBio Co. Ltd., Higashi-Hiroshima, Japan; and 3PhoenixBio
USA Corporation, New York City, NY. Sponsor: R. Kemper.
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The PXB-Mouse®, a chimeric mouse with a humanized liver, can be
used as a predictor of human hepatic elimination and of the potential
for drug-drug interactions (DDI). Midazolam (MDZ) and ketoconazole
(KCZ) are a widely used probe and inhibitor, respectively, for evaluating
the metabolism of CYP3A4. We determined the in vivo pharmacokinetics (PK) of MDZ, administered as a single 12.5 mg/kg p.o. dose, and
its primary metabolite, 1’OH-MDZ, alone and when co-administered
with KCZ (100 and 250 mg/kg) in the PXB-Mouse® and SCID mouse as
a control. Concentrations of KCZ, MDZ and 1’OH-MDZ in serially collected plasma samples were quantified by a qualified 3-in-1 LC-MS/MS
method. PK parameters were estimated for each mouse using non-compartmental analysis. The area under the plasma concentration versus
time curve (AUC) of MDZ was 12.5-fold higher in the PXB-Mouse® than
in the SCID mouse and the 1’OH-MDZ/MDZ AUC ratio was 1.85 and 22.6
in PXB and SCID mice, respectively, confirming the lower metabolic rate
of human hepatocytes relative to mouse hepatocytes. The AUC ratio
for the chimeric mouse is also more comparable to that in humans
(0.5-0.8 [1]). In the PXB-Mouse®, 100 and 250 mg/kg KCZ significantly
increased the AUC of MDZ 17- and 19-fold, respectively, from 1170 ±
122 h*ng/mL (n=3) to 20300 ± 6120 (n=4) and 22600 ± 7260 (n=4) h*ng/
mL, and the 1’OH-MDZ/MDZ AUC ratio decreased to 0.0591 and 0.0783,
respectively, consistent with inhibition of MDZ metabolism by KCZ. In
the SCID mouse, 100 and 250 mg/kg KCZ also significantly increased
the AUC of MDZ 9.1- and 24-fold, respectively, from 94.2 ± 22.8 h*ng/
mL (n=3) to 853 ± 41.5 (n=4) and 2230 ± 1100 (n=4) h*ng/mL, and the
1’OH-MDZ/MDZ AUC ratio decreased to 5.45 and 5.25, respectively. The
dose-normalized AUC of KCZ was 3970 and 3340 h*kg*ng/mL/mg in the
PXB-Mouse® (i.e. dose-proportional for the 100 and 250 mg/kg doses),
whereas in the SCID mouse it was 2230 and 10900 h*kg*ng/mL/mg,
respectively, and did not appear to be proportional to dose. The results
indicate that the PXB-Mouse® is a suitable model for the preclinical evaluation of human metabolism and DDI potential for compounds that are
metabolized by CYP3A4. 1. Samuelson, K., Pickup, K., Sarda, S., Swales,
J.G., Morikawa, Y., Schulz-Utermoehl, T., Hutchinson, M. and Wilson, I.D.
Xenobiotica (2012) 42:1128.

2485 Unexpected Interaction of Nonalcoholic

Steatohepatitis and Bcrp Deletion on SN-38 and
SN-38-Glucuronide Disposition in Rat

E. L. Toth, H. Li, A. L. Dzierlenga, J. D. Clarke, and N. J.
Cherrington. University of Arizona, Tucson, AZ.
Nonalcoholic steatohepatitis (NASH) is the severe form of the most
prevalent hepatic disorder. The progression to NASH has profound
effects on the expression and function of drug metabolizing enzymes
and transporters which provide a mechanistic basis for variable drug
response. Breast cancer resistance protein (BCRP), an efflux drug transporter located on the bile canaliculus, shows increased hepatic mRNA
expression in NASH patients and preclinical NASH models, but its function, however, has not been assessed in NASH. Previous studies have
also shown that biliary efflux function of multidrug resistance protein 2
(MRP2), is decreased by up to 60% in NASH. SN-38, the active product of
the prodrug irinotecan, is reported to be a substrate for Bcrp, whereas
SN-38 Glucuronide, the main metabolite of SN-38, is an Mrp2 substrate.
The purpose of this study was to determine the alterations in BCRP
function in NASH using SN-38 and SN-38 Glucuronide as probes in a
combination of Bcrp knockout (KO) and methionine-choline deficient
models of NASH. Sprague Dawley wild-type (WT) rats and knockout rats
were fed either a methionine and choline sufficient (control) or deficient
diet (MCD) for 8 weeks to induce NASH. SN-38 was administered IV, and
blood and bile samples were collected over 90 minutes. The concentrations of SN-38 and SN-38 Glucuronide in the blood and bile samples were
quantitated using liquid chromatography-tandem mass spectrometry
(LC-MS/MS). In KO rats, NASH led to a statistically significant decrease
in biliary efflux of SN-38 when compared to control, but unexpectedly,
no difference between WT and KO was observed. Similarly, NASH led to
a decrease in plasma concentrations of SN-38 in both WT and KO rats.
No disease or genotype effect was seen for SN-38 Glucuronide. These
data indicate that Bcrp is not solely responsible for SN-38 biliary efflux,
but rather implicates a combined role for Bcrp and Mrp2. Although Bcrp
and Mrp2 may not be the only transporters involved in SN-38 and SN-38
Glucuronide elimination, the disposition of SN-38 is altered by NASH
in a gene-by-environment interaction and may result in variable drug
response to irinotecan therapy.

2486 Mammalian Cells Derived Inside-Out Vesicles: An
Advanced Model to Study Transporter-Involved
Drug-Induced Hepatotoxicity

N. Li, J. Wang, K. Cooper, and J. Bourgea. Corning Life Sciences,
Bedford, MA. Sponsor: C. Crespi.
Multidrug resistance protein (MRP2) and the bile salt export pump
(BSEP) expressed on the canalicular membrane of hepatocytes are critical for hepatobiliary disposition of bilirubin and bile acid/salts, and their
Inhibition is directly implicated in hepatic toxicities. Regulatory agencies
have published guidance to address transporter-mediated DDI with the
goal of ensuring drug safety in the clinic and on the market, including
two ABC transporters, P-gp and BCRP and several uptake transporters.
In light of the evidence showing that MRP2 and BSEP are involved in
drug-induced hepatotoxicity, regulatory agencies intend to expand the
recommendation to evaluating the potential interaction of NMEs (new
molecular entities) with MRP2 and BSEP. Inside-out vesicles are the gold
standard to study drug interactions with ABC transporters due to their
physical localization on the plasma membrane and the physicochemical
properties of the substrates. The most commonly used membrane vesicles are made from insect cells infected by baculovirus encoding ABC
transporter genes. However, this conventional model has the disadvantages of 1) different membrane composition in comparison to mammalian or human cells; 2) different protein post-translational modifications;
and 3) lack of consistency. In this study, a new ABC transporter vesicle
model was developed using a mammalian expression system, and was
validated for in vitro evaluation of drug interaction with the clinical relevant ABC transporters. Our data demonstrate that the dynamic range
of the mammalian cells derived vesicles is dramatically higher than
those made from insect cells, and especially with significantly lower
background. Time dependent and concentration dependent uptake
of selective probe substrates was characterized for MRP2, BSEP, P-gp
and BCRP. Inhibition studies were performed using multiple inhibitors
recommended by the regulatory guidance or white papers published
by the International Transporter Consortium (ITC). Together, the data
suggest that mammalian cells based ABC transporter vesicles are a
better system to insect cells based system as the membrane vesicles
made from HEK293 cells are less permeable and have higher functionality. This model with more human-like recombinant ABC transporter
proteins and membrane composition could improve the accuracy of in
vitro to in vivo correlation.

2487 Placental Transfer of the Immunosuppressive
Drug Tacrolimus and Its Effects on Placental
Function: Relevance for Renal Transplant
Recipients

J. J. Freriksen, D. Feyaerts, P. H. van den Broek, O. W. van der
Heijden, J. van Drongelen, F. G. Russel, R. G. van der Molen, and
R. Greupink. Radboud University Medical Center, Nijmegen,
Netherlands.
The number of pregnancies in the kidney transplant patient population is high. During gestation these women continue using immunosuppressant drugs, but knowledge about their placental disposition
and toxicity is scarce. We now investigated placental transfer of the
immunosuppressive drug tacrolimus (TAC) as well as the potential
effects on trophoblast cell viability and barrier function. Isolated dual
side perfusions of human placental cotyledons were performed to study
disposition of TAC. Additionally, clinical data on TAC concentrations in
placental tissue of kidney transplant recipients, as well as associated
umbilical cord plasma samples and maternal whole blood concentrations were gathered. BeWo choriocarcinoma cells were used to evaluate effects on trophoblast cell viability, while interaction with placental
ATP-binding cassette transporters was studied in membrane vesicles
derived from HEK293 cells recombinantly overexpressing human Breast
Cancer Resistance Protein (BCRP) or P-glycoprotein (P-gp). We found
that maternal perfusate levels decreased from 5.8 ± 1.0 nM at t=10
min to 2.4 ± 0.5 nM at t=180 min (n=4). However, TAC did not enter
the fetal circulation. At t=180 min a concentration of 220 ± 50 nM was
measured in placental tissue, which is almost 100-fold higher than the
maternal perfusate concentration. Analysis of placental tissue of renal
transplant recipients revealed a 13-fold higher tacrolimus concentration
compared to the maternal blood concentration (88 ± 7 nM and 6.8 ± 1.1
nM, respectively). No TAC could be detected in umbilical cord plasma.
TAC did not affect BeWo cell viability up to the maximum concentration of 1 µM tested. In transporter studies we did find stimulation of
P-gp-mediated transport and inhibition of BCRP-mediated transport, at
1 and 10 µM, respectively. In conclusion, TAC demonstrates strong accumulation in placental tissue, yet placental transfer was not detectable.
The tissue concentrations reached are unlikely to affect trophoblast cell
viability or BCRP and P-gp transport function.

of Fetal Exposure

S. Schalkwijk, A. O. Buaben, A. P. Colbers, D. M. Burger, R. Greupink,
and F. G. Russel. Radboud University Medical Center, Nijmegen,
Netherlands.
Fetal exposure to antiretroviral agents is usually derived from the cordto-maternal (ctm) concentration ratio. This static parameter does not
provide information on the pharmacokinetics in utero, limiting the
assessment of a fetal exposure-effect relationship. Pregnancy physiologically-based pharmacokinetic (p-PBPK) modeling could provide a
solution, although incorporation of placental antiretroviral transfer
remains challenging. Here, we aimed to incorporate placental transfer
into a p-PBPK model to simulate fetal darunavir exposure at term. To
this end, an existing and validated p-PBPK model of maternal darunavir/
ritonavir exposure was extended with a feto-placental unit to include
bidirectional placental transport of darunavir at term. Maternal-to-fetal
(mtf) and fetal-to-maternal (ftm) darunavir/ritonavir placental clearances were determined with an ex vivo human cotyledon perfusion
model. Next, population fetal PK profiles were simulated for different
darunavir/ritonavir dosing regimens and compared with cord blood
concentrations in vivo. We found average (±SD) mtf and ftm cotyledon
clearances of 0.91±0.11 mL/min and 1.6±0.3 mL/min, respectively (n=6
perfusions). Scaled placental transfer was included into a feto-placental
unit and integrated into the p-PBPK model. For darunavir 600/100mg
twice daily, the simulated fetal plasma Cmax, Ctrough, Tmax and T1/2
at steady state were; 1.1 mg/L, 0.57 mg/L, 3 hours, and 21 hours, respectively. This indicates that the fetal population Ctrough is above the protein-adjusted EC90 for inhibiting the replication of wild type virus (0.20
mg/L) and around the inhibitory EC90 for resistant virus (0.55 mg/L).
The simulated ftm plasma concentration ratio (range) over a dosing
interval was 0.30 (0.16 - 0.37), compared to a median (range) ratio for
the observed darunavir ctm plasma ratio of 0.18 (0 - 0.82). In conclusion,
a p-PBPK model for maternal darunavir exposure was extended with a
feto-placental unit. The simulated fetal darunavir plasma concentrations
were in the range of observed cord blood concentrations. This advanced
model provides a valuable tool in assessing and optimizing the fetal
safety of maternal pharmacotherapy, and optimizing fetal antiretroviral
treatment.

2489 Maternal Pharmacokinetic and Fetal Disposition
of Bisphenol Analogues in the CD-1 Mouse

D. K. Tucker2, F. Lih1, and S. E. Fenton1. 1NIEHS, Research Triangle
Park, NC; and 2University of North Carolina at Chapel Hill, Cary, NC.
Growing concern over the use of Bisphenol A in plastic consumables
has resulted in the implementation of replacement analogues including
the fluorinated and sulfonated derivatives, BPAF and BPS. Both chemicals have estrogenic activity that is comparable/enhanced vs BPA,
which may cause detrimental changes to developing offspring, often
manifesting later in life. Current disposition data for these chemicals are
either nonexistent or fail to address the uniqueness of maternal-fetal
exposures. This study assesses the pharmacokinetic and disposition
properties of BPA, BPAF and BPS in the maternal-fetal unit. Timed
pregnant CD-1 mice were given a single gavage dose of BPA (50 mg/
kg), BPAF or BPS (5 mg/kg), or sesame oil at gestational day 16. At 2,
4, 8, 12, 18, 24 and 48 hr later, urine, feces, amniotic fluid, and serum
were collected from dams. Similarly, on postnatal days (PND) 3, 4 and 5,
serum and feces were collected from dams and pooled serum from offspring. Total concentrations (free plus conjugated species) of BPA, BPS,
and BPAF in serum, urine, and amniotic fluid were quantified by online
solid phase extraction coupled to HPLC-isotope dilution-tandem MS.
Concentrations of the reagent blanks suggested that external contamination did not occur during sample analysis. Maximal maternal (Cmax)
serum and urinary concentrations were achieved within 2 hr for BPA
and 4 hr for BPAF and BPS. Serum and urinary half-lives were similar
between compartments and were shortest following BPAF exposure.
BPAF fecal recovery was ~30-50% greater than BPS, but fecal half-life
was like serum and urine. Each analogue was recovered from the amniotic fluid as early as 2 hr post exposure but Cmax was not reached for any
chemical until 18 hr. Between PND 3 and 5, maternal serum concentrations decreased by 90-1000 fold or were below the limit of detection,
suggesting that pup urine does not significantly contribute to chemical
recirculation. Fetal serum concentrations were similar between both
males and females. The differences in the analogous disposition are
likely due to their chemical properties and confirm placental transfer of
BPAF and BPS. Recovery of each analog in the amniotic fluid regardless
of dose amount suggests the potential for fetal exposure and warrants
additional studies to determine how early life exposure to these chemicals may impact early and long term development.

2490 Tetrabromobisphenol A Disposition and Kinetics
in Pregnant and Nursing Wistar Han Rats

G. A. Knudsen, S. M. Hall, A. C. Richards, and L. S. Birnbaum. NCI,
Research Triangle Park, NC.
Tetrabromobisphenol A (TBBPA) is a brominated flame retardant (BFR)
commonly used in electronics to meet fire safety standards and consequently has the largest production volume of any BFR worldwide. TBBPA
has been detected in the environment and in breast milk and maternal/
cord serum, indicating exposure to mothers, fetuses, and breastfeeding
newborns. The primary routes of exposure to TBBPA for adults are
through ingestion of contaminated dust but exposure to fetuses and
newborns is poorly understood. TBBPA is a rodent carcinogen and a suspected carcinogen in humans. Pregnant (GD20) or nursing rats (PND12
or PND20) were administered a single dose (25 mg/kg, 2.5 µCi/kg, 4 mL/
kg) of [14C]-labeled TBBPA and euthanized at 0.5, 1, 2, 4, or 8 h post dose
to determine disposition in pregnant and nursing Wistar Han rats and
their pups. Systemic exposure was largely unchanged between 1 and 8
h post-dose in pregnant rats; [14C]-radioactivity concentrations in blood
varied only slightly over the time course (2.6±0.6→2.6±0.8 nmol-eq/mL).
Cmax was observed at 30 min in lactating rats and concentrations fell
steadily through 8 h. HPLC analyses of [14C]-radioactivity in dam plasma
found a mixture of TBBPA and TBBPA-conjugate was detected in the 30
minute time-point sample from pregnant rats while all other samples
contained only conjugated TBBPA in the plasma. Parent TBBPA was not
detected in lactating dam plasma. Placental concentrations increased
through 8 h while whole-fetus Cmax occurred at 2 h post dose. In lactating animals, liver, uterus, and mammary time-concentration curves
lagged slightly behind blood-concentration curves. (This research was
supported in part by the Intramural Research Program of NIH/NCI)

2491 Effect of Age on Tokicokinetics of PBDE-47 in
Male Sprague-Dawley Rats

A. K. Bansal2, S. Arora2, and P. Sethi1. 1Ammon Analytical
Laboratory, Linden, NJ; and 2Chitkara College of Pharmacy,
Rajpura, India.
Polybrominated diphenyl ethers (PBDEs) have been widely used flame
retardants in industrial, commercial and residential setting during the
last decade and have become ubiquitous environmental contaminants.
PBDE-47 (2,2’,4,4’- tetrabromodiphenyl ether) is the predominant congener that has been found in environment and human tissues. There
is limited toxicokinetics (TK) data to understand the susceptibility of
children to PBDE-47 toxicity as compared to adults . The purpose of
this study was to characterize age-dependent PBDE-47 time-course in
plasma and selected tissues. Adult male Sprague-Dawley (SD) rats and
immature (postnatal day (PND) 10 and 21) were gavaged 63.6 mg of
PBDE-47 dissolved in toluene (1 ml). Serial plasma, brain, fat and liver
samples were taken 48 h post dosing and analyzed for their PBDE-47
content by GC-MS. In adult rats approximately 80 % of PBDE-47 was
absorbed and significant portion reached the brain and fat. The main
metabolites detected during elimination in the urine were glucuronide
and a sulfate conjugate of 2,4-dibromophenol. Significant age-dependent differences in biological samples of PBDE-47 content were
observed. Plasma and brain levels, like the magnitude of acute toxicity, were inversely related to age. PND 10 and PND 15 plasma AUC∞
values were 7.2 and 4.6 fold higher respectively than corresponding
adult values. Cmax values exhibited similar patterns for brain and liver.
Diminished detoxifying mechanism (capacity to metabolize), immature
blood brain barrier and lack of fat in pre-weanling and weanling may be
an important contributor to age-dependent differences seen in PBDE-47
TK. This data may form better basis for a reasonable risk assessment in
children.

2492 Using Physiologically-Based Pharmacokinetic
Modeling to Address Potentially Sensitive
Subpopulations Exposed to Hexavalent
Chromium

C. R. Kirman1, D. Proctor4, M. Suh4, L. Haws2, M. Harris3, C.
Thompson3, and S. Hays1. 1Summit Toxicology, LLP, Bozeman,
MT; 2ToxStrategies, Austin, TX; 3ToxStrategies, Katy, TX; and
4ToxStrategies, Mission Viejo, CA.
An updated reduction model and physiologically based pharmacokinetic model for hexavalent chromium (CrVI) was used to address potentially sensitive subpopulations. Extracellular reduction of CrVI to CrIII
in the stomach lumen is considered to be protective since it reduces
the amount of the toxic form of the chemical reaching the key target
tissue identified in NTP’s cancer bioassay conducted in mice (i.e., small
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intestines). Because the reduction of hexavalent chromium is pH-dependent, subpopulations with elevated gastric pH may experience higher
doses of CrVI delivered to the small intestines. Three populations with
elevated gastric pH were identified: (1) neonates; (2) proton pump inhibitor (PPI) users; and (3) people with hypochlorhydria. The updated PBPK
model was used to simulate exposures to all three subpopulations to
determine the delivered doses of CrVI across a broad range of doses
(0.0001-100 mg/kg-day). The results are compared to delivered doses
experienced by an average adult across the same dose range. Nonlinear
toxicokinetics due to the depletion of one or more reducing agent pools
are predicted above doses of approximately 0.01 mg/kg-day, and for
this reason quantitative differences between populations are dose-dependent. The results are discussed within the context of supporting the
derivation of a data-derived uncertainty factor to address variation in
toxicokinetic factors for CrVI human health risk assessment.

2493 Predicting Dermal Penetration for Expocast

Chemicals Using In Silico Approaches: Should
Dermal Metabolism Be Considered?

M. V. Evans2, P. N. Bozarth1, M. C. Hollister1, A. Kinney1, K. Lewis1,
and A. Nikas1. 1North Carolina State University, Raleigh, NC; and
2US EPA, Research Triangle Park, NC.
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There are thousands of consumer product chemicals to which humans
may be exposed via direct (e.g. product use) or indirect (e.g. contact
with contaminated media) pathways. The US EPA has developed a
research program known as ExpoCast to predict exposures and provide
real-world context for chemicals being screened using Toxcast highthroughput assays. The mechanistic human exposure and pharmacokinetic models being developed under ExpoCast require prediction of
dermal absorption for large numbers of chemicals with sparse kinetic
data. Dermal metabolism may contribute to clearing chemicals from
the skin and therefore can prevent them from entering the general circulation. A three compartment model was derived using mass balance
combining Fick’s Diffusion Law and Michaelis-Menten metabolism. A literature search for a compound with dermal metabolism data identified
the phthalate MEHP, a by-product of the plasticizer DEHP. Both parent
compound (MEHP) and metabolite (5-OH-MEHP) time course data were
needed to calibrate our model. An optimization algorithm was written
in Matlab© and used to solve for parent chemical coefficients and
metabolism constants for the metabolite. The numerical code written
used central and forward differences to solve for diffusion. This code was
used to estimate metabolic maximum velocity (Vmax) and affinity (Km)
constants using the 5-OH-MEHP data. The simulations were found to be
more sensitive to Vmax changes. Our literature search showed a serious
data gap for dermal metabolism, with this one study showing large
variability between individuals. Additional phthalate metabolism data
would increase our confidence with final predictions. In summary, this
effort indicates the importance of including metabolism data in dermal
modeling and points to a current data gap in dermal absorption kinetics.
(This abstract does not reflect US EPA policy)

2494 Plasminogen Activator Inhibitor-1 Antiprotease
Activity Inhibits Tissue Plasminogen
Activator (tPA)-Dependent Exacerbation of
Acetaminophen-Induced Liver Injury

A. Pant1, A. K. Kopec1, H. Cline-Fedewa1, D. A. Lawrence2, and J.
P. Luyendyk1. 1Michigan State University, East Lansing, MI; and
2University of Michigan, Ann Arbor, MI.
Acetaminophen (APAP)-induced hepatotoxicity in mice is associated
with activation of coagulation cascade and deposition of fibrin(ogen)
in liver. Plasminogen activator inhibitor-1 (PAI-1) is a multi-functional
protein and important physiological inhibitor of tissue type- and urokinase-plasminogen activators (PA), which play a central role in fibrinolysis. Previous studies have shown that PAI-1 deficiency increases
APAP-induced liver injury and inhibits liver repair, but the precise mechanisms underlying this effect are not known. We tested the hypothesis
that the antiprotease function of PAI-1 is central to its hepatoprotective
effects in APAP overdose. In agreement with previous studies, APAPinduced hepatotoxicity was increased in PAI-1-/- mice compared to wildtype mice. Treatment with recombinant stable wild-type human PAI-1
(100 μg/mouse, i.p., bid) rescued PAI-1-/- mice from exaggerated APAPinduced liver injury. In contrast, administration of a mutant PAI-1 (PAI1RR) that lacks antiprotease function had little effect on exaggerated liver
injury in PAI-1-/- mice, indicating that hepatoprotective effect of PAI-1
involves inhibition of plasminogen activation. Previous studies found
that recombinant tPA administration exaggerates APAP hepatotoxicity;
thus, we examined the impact of tPA deficiency on exaggerated APAP
hepatotoxicity in PAI-1-/- mice. Interestingly, recapitulating the effect
of recombinant wild-type PAI-1, APAP-induced liver injury was signifi-

cantly reduced in APAP-treated double tPA-/-/PAI-1-/- mice compared to
APAP-treated PAI-1-/- mice, with gross liver histology resembling that
of wild-type mice. Overall, the results indicate that PAI-1 antiprotease
function inhibits tPA-driven exacerbation of APAP-induced liver injury
in mice.

2495 Analysis of the Bile Acid Synthetic Pathway in

the Absence of Enzymes, CYP7A1 and CYP27A1

Stofan1,

M. F.
K. Buckley2, D. Rizzolo2, L. Zhan2, B. Kong2, J. Shen2,
2
H. Yang , L. Aleksunes2, G. Guo2, and B. Buckley2. 1New Mexico
State University, Las Cruces, NM; and 2Rutgers University, New
Brunswick, NJ.
Bile acids are amphipathic derivatives of cholesterol that are synthesized
in the liver. In the digestion process, bile acids help emulsify and adsorb
lipids. The two primary bile acids found in humans are cholic acid (CA)
and chenodeoxycholic acid (CDCA), while in mice CA and muricholic
acid (MCA) are the primary bile acids. They are synthesized from either
the “classic” pathway that is catalyzed by the CYP7A1 enzyme or the
“acidic” pathway that is catalyzed by the enzyme CYP27A1. The bile acid
synthetic pathway in the absence of both CYP7A1 and CYP27A1 has not
been examined thoroughly. We have generated the wild type, Cyp7a1
single knockout, Cyp27a1 single knockout, and Cyp7a1/Cyp27a1 double
knockout mice. In order to analyze effects of Cyp7a1 and Cyp27a1 deficiency on bile acid synthesis, tissue from wild type, single, and double
knockout mice was used. Bile acid profiles were characterized by liquid
phase extraction and quantified through LC-MS. We expected the levels
of both CA and CDCA to decrease in correlation to the wild type or
single knockout mice. Our results showed expected levels of bile acids
in the gallbladder samples. However, the plasma samples showed an
unexpected elevation of bile acid concentrations specifically 798 ng/mL
β-MCA, 1738 ng/mL TCA, 2847 ng/mL ω-MCA, 4386 ng/mL T-β-MCA, for
the Cyp7a1 knockout versus 739 ng/mL β-MCA, 449 ng/mL TCA, 2060
ng/mL ω-MCA, and 168 ng/mL T-β-MCA, for the wild type mice; suggesting a secondary mechanism for the excess CAs in the plasma.

2496 Untargeted Lipidomic Evaluation of Aryl

Hydrocarbon Receptor (AhR)-Mediated Hepatic
Steatosis in Male and Female Mice

R. Nault, K. A. Fader, and T. R. Zacharewski. Michigan State
University, East Lansing, MI.
To further characterize hepatic lipid composition following AhR activation, male and female mice were gavaged with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) every 4 days for 28 days. Livers were examined
using an untargeted lipidomic approach with confirmation by targeted
high-resolution MS/MS, and integrated with complementary RNA-Seq
and microRNA-Seq data to elucidate AhR-mediated steatosis pathways.
A total of 936 lipid species were detected, of which 379 were confirmed,
with similar qualitative changes (lipid species) in both sexes while
males exhibited greater sensitivity and quantitative changes. Overall,
there was a shift to higher mass lipid species indicative of increased
free fatty acid packaging. For example, among 13 lipid classes identified, triglycerides (TGs) increased ~3-fold from 47% of total lipids in
vehicle treated mice to 83% in TCDD treated animals. Cholesterol esters
(CEs) exhibited an 11-fold increase in males with moieties consisting
largely of essential dietary fatty acids (i.e., linolenate [18:3], palmititate
[16:0] and oleate [18:1]), the predominant fatty acids in rodent diet.
Phosphatidylserines, phosphatidylethanolamines, phosphatidic acids,
and cardiolipins also decreased 4-, 5-, 5- and 7-fold, respectively, while
phosphatidylinositol, ceramides, and phosphatidylcholines increased
2-, 7-, and 2-fold, respectively. Accordingly, differential expression of
lipid metabolism genes suggest an increase in the hepatic uptake and
packaging of dietary and peripheral lipids, compounded by impaired
very low density lipoprotein (VLDL) secretion. Moreover, RNA-Seq and
microRNA-Seq suggest the disruption of LXR, FXR, SREBP, PPAR, and
ChREBP signaling networks. Collectively, these changes are consistent with the progression of AhR-mediated steatosis to steatohepatitis
with fibrosis. Funded by Superfund Research Program P42ES04911 (TZ),
Integrative Training in Pharmacological Sciences Grant 5T32GM092715
(RN) and Canadian Institutes of Health Research Doctoral Foreign Study
Award DFS-140386 (KAF).

Co-Activator 1α Signaling Protects against
Acetaminophen Hepatotoxicity

K. Du2, A. Ramachandran2, M. R. McGill2, A. Mansouri1, B. L.
Woolbright2, and H. Jaeschke2. 1Centre de Recherche Biomedicale,
Bichat Beaujon CRB3, Paris, France; and 2Kansas University
Medical Center, Kansas CIty, KS.
Mitochondrial biogenesis (MB) is an adaptive response to maintain metabolic homeostasis after mitochondrial dysfunction. Although compromised mitochondrial function is a critical step in the pathophysiology
of acetaminophen (APAP) hepatotoxicity in both mice and humans,
induction of MB during APAP hepatotoxicity has not been studied. To
investigate this, mice were treated with toxic doses of APAP and euthanized between 0 and 96h. At early time points, APAP caused both mitochondrial dysfunction and reduction of mitochondrial mass, indicated
by reduced activity of electron transport chain (ETC) complexes I and
IV and depletion of mitochondrial DNA (mtDNA), respectively. Both
ETC activity and mtDNA gradually recovered after 12 h, suggesting that
MB occurs at late time points after APAP overdose. Immunofluorescent
staining of mitochondria with mitochondrial outer membrane protein
Tom 20 further demonstrated that MB occurs selectively in hepatocytes
surrounding necrotic areas. MB signaling mediators including PPARγ
co-activator 1-α (Pgc-1α), nuclear respiratory factor-1 (Nrf-1) and mitochondrial fission protein dynamin-related protein-1 (Drp-1) were also
induced. Interestingly, Pgc-1α was also selectively increased in hepatocytes surrounding necrotic areas. We also found that the time course of
MB induction coincides with increased liver regeneration in mice, indicating that MB could be important for recovery after APAP. Consistent
with the latter, post-treatment with the known MB inducer SRT1720
increased Pgc-1α expression and liver regeneration, resulting in protection against late liver injury after APAP overdose. Together, these
data suggest that induction of MB is an important feature during APAP
hepatotoxicity and it plays a role in liver regeneration.

2498 Evaluation of PFNA Effects in a Mouse Model of
Diet-Induced Obesity and Hepatic Steatosis

M. Abustan, H. Ma, M. Pfohl, C. Picard, J. Cocozza, N. DaSilva, M.
MacArthur, N. Seeram, E. Martell, and A. Slitt. University of Rhode
Island, Kingston, RI.
Perfluoroalkyl chemicals (PFASs) are a class of man-made compounds
that are highly stable and are of significant toxicological concern.
Perfluorononanoic Acid (PFNA) is a synthetic perfluorinated carboxylic
acid with a nine-carbon backbone that has been shown to exert adverse
liver and insulin-signaling effects in rodents, with little known about
PFNA effects on human liver. The purpose of this study was to evaluate
the impact of PFNA exposure on the effects of feeding a moderately
high-fat diet on aspects of adiposity, serum lipid changes, and hepatic
steatosis. 5-week-old male mice were fed a 10% kCal (LFD) or 45% Kcal
high fat (HFD) alone or in combination with PFNA (0.0003%) (LFD-PFNA
and HFD-PFNA, respectively) in chow for 12 weeks. The HFD increased
body, white adipose tissue (WAT), liver weight (30%, 100%, and 30%,
respective). PFNA administration slightly decreased body weight in
both the LFD and HFD fed groups (85 and 82%, respectively), but nearly
doubled liver weights in both groups. WAT tissue mass was significantly
decreased in LFD and HFD mice administered PFNA. The HFD feeding
increased hepatic total lipids and triglycerides, but not cholesterol or
NEFA. Hepatic total lipid content, NEFA, cholesterol content was similar
between controls and PFNA treated groups (both LFD and HFD). PFNA
significantly decreased hepatic triglyceride content in HFD fed mice.
Histopathology pointed to increased lipid accumulation in the HFD mice
and there were no significant differences in pathology between controls
and PNFA-treated mice. Overall, while PFNA did appear to significantly
increase liver weight and have an interaction with the HFD, many other
parameters were similar between HFD and HFD-PFNA treated mice.

2499 Berberine-Induced Ntcp/ntcp Expression via

Inactivation of Stat5 Signaling in Mouse Liver
and Cultured Hepatoma Cells

Y. Le, P. Bu, and X. Cheng. St. John’s University, Queens, NY.
Berberine (BBR), a traditional herbal medicine, has a broad spectrum of
pharmacological effects, such as anti-inflammatory, anti-oxidative, and
hepatoprotective effects. It was previously reported that BBR-containing
goldenseal promoted bile flow. However, the underlying mechanism
is not known. Sodium-taurocholate cotransporting polypeptide (Ntcp/
NTCP) is the major liver bile acid uptake transporter and plays important
roles in bile flow. This study was designed to determine whether BBR

increased mouse and human Ntcp/NTCP expression; and if so, the
underlying mechanism. Our data showed that BBR dose/concentration
dependently induced mRNA and protein expression of Ntcp/NTCP in
mouse liver as well as in cultured mouse and human hepatoma cells.
Immunocytochemistry staining showed that BBR concentration-dependently reduced the nuclear levels of phospho- signal transducer
and activator of transcription (Stat) 5/phospho-STAT5 protein in cultured mouse and human hepatoma cells. Promoter partial truncation
assays revealed that BBR increased luciferase reporter activity, which
was driven by the mouse and human Ntcp/NTCP gene promoters. ChIP
assays further demonstrated that in human NTCP gene promoter, BBR
decreased the binding of phospho-STAT5 protein to two putative STAT5
response elements that are located at -2,164bp and -691bp upstream of
transcription start site, respectively. In conclusion, BBR inactivated Stat5/
STAT5 signaling and consequently induced mouse and human Ntcp/
NTCP expression.

2500 Role of Neutrophil Elastase in Acetaminophen
Hepatotoxicity

M. L. Bajt2, B. L. Woolbright2, L. Duan2, A. Farhood1, and H.
Jaeschke2. 1St. David’s North Austin Medical Center, Austin, TX;
and 2University of Kansas Medical Center, Kansas City, KS.
Acetaminophen (APAP) overdose is the most frequent cause of drug-induced liver injury and acute liver failure in many western countries. The
intracellular mechanisms of APAP-induced necrosis and the release of
damage-associated molecular patterns (DAMPs) are well studied. DAMP
release causes cytokine and chemokine formation and recruitment of
inflammatory cells, e.g. neutrophils, into the liver. However, the relevance of neutrophils as mediators of APAP-induced injury is controversial. Neutrophil elastase, which hydrolyzes proteins within neutrophil
lysosomes (azurophil granules) and proteins of the extracellular matrix
such as collagen-IV and elastin, has been implicated in inflammatory liver
diseases, e.g. hepatic ischemia-reperfusion injury. In order to assess the
potential role of elastase in APAP hepatotoxicity, fasted C57BL/6J wild
type and elastase knockout (EKO) mice were treated with 200 mg/kg or
300 mg/kg APAP for 24 h. APAP treatment caused severe liver injury in
wild type animals as indicated by the substantial increase of plasma ALT
activities after 200 mg/kg (1,702±404 U/L) or 300 mg/kg (8,230±1057
U/L) compared to controls (31±2 U/L). However, plasma ALT activities
of EKO mice were not significantly different (1,635±228; 10993±2221,
55±16). Focusing on the lower dose, a time course of recovery was evaluated up to 96h after APAP treatment. Based on plasma ALT values and
the area of necrosis, the liver injury was mostly repaired by 96h with no
significant differences between wild type and EKO mice. Neutrophils
accumulated initially in sinusoids and around the necrotic areas but by
24-48h were located only within the areas of necrosis. Again, there was
no significant difference in neutrophil accumulation between wild type
and EKO mice. Thus, consistent with our previous findings using mice
deficient in gp91phox (Tox Appl Pharmacol 275:122-33, 2014), which
cannot generate reactive oxygen through NADPH oxidase, another
intervention that impairs neutrophil function, i.e. elastase deficiency,
did not protect against liver injury or affect the recovery suggesting that
neutrophils are not relevant mediators of APAP hepatotoxicity.

2501 Use of a Knowledge-Based RT2 PCR Array
to Study the Mechanistic Background of
Idiosyncratic Drug-Induced Liver Injury

A. Granitzny1, M. Niehof1, J. W. Knebel1, A. Braun1, P. Steinberg2, C.
Dasenbrock1, and T. Hansen1. 1Fraunhofer Institute for Toxicology
and Experimental Medicine, Hannover, Germany; and 2University
of Veterinary Medicine Hannover (TiHo), Hannover, Germany.
The underlying mechanisms of idiosyncratic drug-induced liver injury
(iDILI), a rare but particular severe form of drug-induced liver injury
(DILI), are not yet fully understood. Consequently, until now, there are
no predictive preclinical liver models and specific biomarkers available.
A deeper understanding of the cellular and molecular mechanisms of
iDILI would help to identify biomarkers and improve the development
of models that can predict a possible iDILI outcome. By exposing an
in vitro co-culture system based on human hepatoma (HepG2) and
human monocytic (THP-1) cells to the known iDILI-drug Troglitazone
(TGZ), we confirmed the frequently discussed hypothesis that inflammatory immune cells can increase the sensitivity of liver cells towards iDILI
compounds. In the presence of THP-1 cells, TGZ showed an increased
cytotoxicity in HepG2 cells when compared to the HepG2 monoculture.
This effect was not observed with the corresponding non-iDILI partner
compound Rosiglitazone (RGZ) from the same substance class. This
synergy served as a reference iDILI reaction, on the basis of which we
performed a knowledge-based RT2 PCR Array study involving 178 genes,
which were selected by means of an extensive literature research on
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gene expression studies that provide data regarding iDILI drugs and
reactions. HepG2 cells were harvested after 24h exposure to the iDILI
or non-iDILI drug in the presence or absence of the immune cells. Fifty
four out of 178 genes were significantly regulated by the sole treatment
with TGZ, while only 10 were regulated by RGZ. Importantly, 17 genes
were differentially regulated by TGZ in HepG2 cells co-cultured with the
immune cells. The identified genes were primarily involved in the mechanistic pathways of inflammation, endoplasmic reticulum (ER) stress and
oxidative stress. In summary, we identified key pathways involved in the
development of inflammation-associated iDILI and provide a data set,
on the basis of which possible biomarkers can be derived.

2502 Acetaminophen-Induced Liver Injury in Mice Is
Reduced by a Novel Allosteric Activator of the
Leukocyte Integrin αMβ2

A. K. Kopec2, N. Joshi2, A. Pant2, H. Cline-Fedewa2, M. J. Flick1, and
J. P. Luyendyk2. 1Cincinnati Children’s Hospital, Cincinnati, OH;
and 2Michigan State University, East Lansing, MI.
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Acetaminophen (APAP) overdose is a leading cause of acute liver failure
in the United States. APAP-elicited hepatotoxicity is linked to activation
of the blood coagulation system and deposition of fibrin(ogen) in the
liver. We previously demonstrated that fibrin(ogen) engagement of the
leukocyte integrin αMβ2 inhibits liver injury and promotes liver repair
after APAP overdose, in part by supporting induction of matrix metalloproteinase-12 (MMP-12). Studies in genetically-modified mice have
shown that the αMβ2 binding function of fibrin(ogen) can be eliminated
without compromising hemostasis. Thus, in proof-of-principle studies
we examined the effect of the novel αMβ2 allosteric activator leukadherin-1 (LA-1) on the progression of established APAP hepatotoxicity in
mice. Wild-type C57BL/6J mice were given a hepatotoxic dose of APAP
(300 mg/kg, i.p.) or vehicle (saline). The mice were then treated with
LA-1 (0.4 mg/kg, ip) or vehicle (0.4% DMSO in saline) at 6 and 12 hours
after APAP administration, and biomarkers of liver injury and repair were
examined 24 hours after APAP administration. APAP challenge caused
significant liver injury, indicated by elevation in serum alanine aminotransferase (ALT) activity and marked centrilobular necrosis. Notably,
the extent of APAP-induced liver injury was unaffected by administration of DMSO vehicle. Interestingly, LA-1 administration significantly
reduced APAP-induced liver injury, indicated by reduction in both ALT
levels and necrosis. Consistent with less severe injury, hepatocyte proliferation was also decreased in APAP-treated mice given LA-1. Affirming
the mechanistic importance of fibrin(ogen)-αMβ2 binding in MMP-12
induction, LA-1 treatment dramatically enhanced hepatic expression of
MMP-12 mRNA in APAP-treated mice. Collectively, the results indicate
that LA-1 treatment attenuates APAP-induced liver injury in mice, in part
by inducing MMP-12 expression. The results suggest that pharmacologic targeting of fibrin(ogen)-αMβ2 binding may be a novel opportunity
to treat established APAP hepatotoxicity.

2503 Differential Expression of Novel lncRNAs after
Genotoxicant Exposure

B. A.
D. P. Phadke2, and R. R. Shah2. 1NIEHS, Research
Triangle Park, NC; and 2Sciome, LLC, Research Triangle Park, NC.
Merrick1,

The transcriptome can reveal insights into biological processes of tumor
formation from chemical and genotoxicant exposure. We recently conducted RNA-Seq analysis on rat liver RNA from male, F344 rats exposed
to 1ppm aflatoxin B1 (AFB1) in feed for 90 days prior to tumor onset.
Among the >1,000 differentially expressed transcripts, 29 were novel
Cufflinks-assembled transcripts without RefSeq or Ensembl annotation
requiring additional investigation. We hypothesized that PCR-cloning
and 5’- and 3’-RACE (rapid amplification of cDNA ends) could further
their identification. PCR and Cufflinks transcript assemblies provided
clarifying sequence to make RACE (Rapid Amplification of cDNA Ends)
primers. Sequencing data was obtained from 7 transcripts by PCR and
18 transcripts by 5’- and 3’-RACE. BLAST alignment of sequences showed
that 25 of these transcripts were lncRNAs (long non-coding), and were
>200nt long without apparent open reading frames. Three transcripts
were increased >100-fold and three were induced by >50-fold compared
to control rats. Nine transcripts were novel and still lack annotation, not
aligning with any known or predicted transcripts. Sequence alignment
of the 25 rat lncRNAs with mouse and human genomes showed each
rat lncRNA had a homologous locus in the mouse genome and over half
had homologous loci in the human genome. lncRNAs were often found
in proximity and sometimes overlapping with known coding genes, in
sense or antisense orientation. For example, a homolog to Pvt-1 was
found altered nearby known cell proliferation control genes. PCR and
RACE based Sanger sequencing showed many alternative splice variants
and refinements in exon sequences compared to the originally assembled Cufflinks transcripts or gene prediction algorithms. In summary,

Sanger sequencing of PCR or RACE products confirmed novel and newly
discovered lncRNAs that were differentially expressed by exposure to
the genotoxicant, AFB1 prior to appearance of histopathologic lesions.
Complete sequencing of such transcripts could pave the way for a new
set of early prediction biomarkers for chemical hepatocarcinogens prior
to tumor formation.

2504 An Agonistic Antibody against TNF-Related

Apoptosis-Inducing Ligand Receptor 2
(TRAIL-R2) Causes Hepatotoxicity in Chimeric
Mice with Humanized Liver

K. Nihira1,3,, K.-i. Nan-ya1, M. Kakuni2, Y. Ono1, Y. Yoshikawa1, T.
Ota1, M. Hiura1, and K. Yoshinari3. 1Kyowa Hakko Kirin Co., Ltd.,
Shizuoka, Japan; 2PhoenixBio Co., Ltd., Hiroshima, Japan; and
3University of Shizuoka, Shizuoka, Japan.
The activation of tumor necrosis factor (TNF)-related apoptosis-inducing
ligand receptor 2 (TRAIL-R2) has been reported to induce apoptosis in
various tumor cells but not in normal cells in preclinical studies. Some
therapeutic antibodies targeting TRAIL-R2 have experienced severe
hepatotoxicity in clinical trials, but the association of TRAIL-R2 signaling
with the toxicity still has not been fully elucidated. In this study, we investigated whether hepatotoxicity could be caused by KMTR2, a previously
generated anti-human TRAIL-R2 monoclonal antibody possessing the
ability to induce apoptosis, using chimeric mice with humanized liver
(PXB-Mouse®). PXB-mice were exposed to KMTR2 by single or repeated
(weekly for 4 weeks) intravenous injections, and blood and liver tissues
were collected for the analyses of blood chemistry, liver histopathology,
hepatic gene expression, and toxicokinetics. After treatment with 1 or 10
mg/kg of KMTR2, serum aspartate transaminase (AST) and alanine transaminase (ALT) activities were elevated, and serum human ALT1 concentration was increased. Histopathological analysis revealed that cell
death and degeneration with/without the infiltration of inflammatory
cells in human but not murine hepatocytes were increased in a time-dependent manner after KMTR2 injection. Furthermore, TUNEL assays and
cleaved caspase-3 staining revealed that KMTR2 induced apoptosis of
human hepatocytes. Hepatotoxicity was not observed in SCID mice,
used as a control, that were treated with the single intravenous injection of KMTR2 (1 mg/kg). Taken together, these results indicate that
the KMTR2-mediated TRAIL-R2 activation induces apoptosis of human
hepatocytes and hepatotoxicity in PXB-mice, suggesting that the chimeric mice with humanized liver can be novel tools for the evaluation of
in vivo human specific hepatotoxicity.

2505 No Involvement of β-Catenin Mutation in
Early Stage in Protox Inhibitors-Related
Hepatocarcinogenesis in Mice

K. Kuwata3,2,4, K. Inoue3,1,, R. Ichimura3, M. Takahashi3, Y. Kodama3,
and M. Yoshida1. 1Food Safety Commission of Japan, Tokyo,
Japan; 2Mitsubishi Tanabe Pharma Corporation, Saitama, Japan;
3National Institute Health Sciences, Tokyo, Japan; and 4Tokyo
University of Agriculture and Technology, Tokyo, Japan.
We previously reported the contribution of constitutive androstane
receptor (CAR) in cytotoxicity-related hepatocarcinogenesis induced
by oxadiazon (OX) or acifluorfen (ACI), two pesticides categorized as
PROTOX inhibitors. To clarify the roles of CAR in the hepatocarcinogenesis process, the molecular characteristics of hepatocellular foci/
adenomas, preneoplastic lesions, and neoplastic lesions induced by
OX and ACI were immunohistochemically compared to those by phenobarbital (PB), a typical CAR activator, in wild-type (WT) and CARknockout (CARKO) mice after diethylnitrosamine initiation. We focused
on changes in β-catenin, its transcriptional product glutamine synthetase (GS), and phospho-extracellular signal-regulated kinase (p-ERK). In
PB-promoted foci/adenomas, nuclear accumulation of mutated β-catenin was increased with high frequency. PB treatment also increased
the multiplicity and area of GS-positive foci/adenomas in WT mice. All
foci/adenomas were negative for GS in CARKO mice, similar to both
genotypes of mice treated with OX and ACI. Compared with the corresponding control, the multiplicity and area of p-ERK-positive foci/adenomas were increased in WT mice treated with OX or ACI, but not in
CARKO mice or in both genotypes of mice treated with PB. Interestingly,
hepatocellular carcinoma induced in ACI-treated WT mice was positive
for GS and showed nuclear accumulation of β-catenin, but was mostly
negative for p-ERK. Our results indicated that β-catenin mutations were
not involved in early-stage hepatocarcinogenesis induced by PROTOX
inhibitors in mice, although activation of β-catenin and CAR is important
in PB-induced tumorigenesis. The significant differences in molecular
profiles suggested that CAR may have multiple roles in rodent hepatocarcinogenesis.

Synthesis Leading to Disruption of TNFMediated RelA Translocation In Vivo and In Vitro

G. Giustarini3, S. Huppelschoten2, A. Oppelt1, U. Klingmüller1, B. Van
de Water2, and R. Pieters3. 1DKFZ, Heidelberg, Germany; 2Leiden
University, Leiden, Netherlands; and 3Utrecht University, Utrecht,
Netherlands.
Idiosyncratic drug-induced liver injury (IDILI) is associated with high
mortality and morbidity among patients. After a high incidence of
severe hepatic adverse events, the fluoroquinolone trovafloxacin (TVX)
was withdrawn from market. Further investigations revealed that TVX
synergistically interacts with tumor necrosis factor (TNF) in vivo and in
vitro, respectively causing severe liver damage and hepatocyte apoptosis. It has been shown that TVX/TNF combination induced hepatocyte apoptosis via DNA damage response (DDR) on HepG2 cells. It is
well known that both DDR and TNF receptor activation initiate the cascades of two intracellular pathways: nuclear factor kappa-light-chainenhancer of activated B cells (NF-kB) and c-Jun N-terminal kinases (JNK)
pathway. Induction of the latter is responsible for apoptosis induced by
TVX/TNF. In this study, we wanted to clarify the mechanisms involved
in the TVX/TNF-induced apoptosis focusing on the kinetic of NF-kB
and JNK pathway activation. We used TVX, the pharmacological analogue levofloxacin (LVX) (lower DILI incidence) or vehicle alone, both
in vivo and in vitro. Liver tissue of mice exposed to TVX only showed
double-strand DNA breaks, increased transcription of NF-kB inhibitors
IKBα and A20. These effects were not observed in liver tissue of mice
treated with LVX. HepG2 cells exposed to TVX for 2 hrs showed similar
findings on transcription of NF-kB-related genes. Furthermore, RelA
(p65)-GFP HepG2 reporter cells showed increased nuclear fluorescence
immediately after incubation with TVX. No effects on RelA-GFP fluorescence were observed in response to LVX exposure. Unlike LVX, TVX prolonged the initial nuclear TNF-mediated RelA translocation but blocked
the typical further accumulations of RelA in the nuclei in presence of
increased levels of IKBα and A20 in HepG2 cells. Distribution of nuclear/
cytoplasmic RelA fluorescence ratio in mouse liver slices showed that
TVX increased the number of hepatocytes with a high NF-kB subunit
ratio 2 hrs after TNF injection. Since it has been demonstrated by others
that inhibition of NF-kB translocation contribute to JNK sustained activation and cell death, we speculate that TVX/TNF-induced apoptosis is due
to accumulation of early transcribed NF-kB inhibitors.

2507 Examining the Role of MRP3, MRP4, and BSEP

Inhibition Individually and Synergistically, and
Their Relationship with DILI

R. Chan, and L. Benet. University of California San Francisco, San
Francisco, CA.
Drug-induced liver injury (DILI) encompasses a spectrum from mild biochemical abnormalities to acute liver failure. Although, the underlying
pathophysiological mechanism of DILI is still poorly understood, there is
increasing evidence that cholestatic forms of drug-induced liver damage
result from a drug- or metabolite-mediated inhibition of hepatobiliary
transporter systems. Here, we sought to evaluate individual and synergistic effects of in vitro inhibition of BSEP, multidrug resistance protein 4
(MRP4), and multidrug resistance protein 3 (MRP3) and their relationship
with type of liver damage, US FDA drug labels, and the Biopharmaceutics
Drug Disposition Classification System (BDDCS). US FDA drug labels for
73 registered drugs were assessed and the proportions of each of these
transporter’s inhibitory individual and synergistic effects were tabulated
and statistically analyzed. Amongst all of the US FDA hepatic liabilities,
the “Warning and Precautions” label section displayed the majority of
drugs exhibiting BSEP, MRP3 and MRP4 inhibition, with MPR4 and BSEP
inhibition showing a synergetic effect. When correlated with BDDCS, the
overwhelming majority of inhibitors are BDDCS Class 1 and 2. In terms
of the type of injury presented, BSEP, MRP3 and MRP4 inhibition were
best associated with cholestatic injury, with MRP4 inhibition exhibiting
the greatest effect. MRP3 and BSEP inhibition displayed synergy with
hepatocellular injury. It appears that BSEP, MRP3 and MRP4 inhibition
increase the risk of DILI. The field currently believes that DILI association is strongest with BSEP. Our analysis shows that drugs that tend to
be BDDCS Class 2 extensively metabolized compounds are potentially
BSEP, MRP3, and MRP4 inhibitors. However, BDDCS Class and inhibition
may be confounded as causing cholestatic and hepatocellular injury.

2508 Mitochondrial Fission Inhibitor MDIVI-1 Protects
against Acetaminophen Hepatotoxicity

J. Akakpo, A. Ramachandran, K. Du, J. L. Weemhoff, and H.
Jaeschke. University of Kansas Medical Center, Kansas City, KS.
Acetaminophen (APAP) overdose related liver injury is the major cause
of acute liver failure in the USA. At toxic doses, APAP metabolism results
in the generation of a reactive intermediate, N-acetyl-p-benzoquinone
imine (NAPQI), which forms APAP-cysteine adducts, especially on mitochondrial proteins. This results in oxidative stress in the organelle, ultimately activating the mitochondrial permeability transition pore, with
release of inter-membrane proteins, such as AIF and endonuclease G,
which move to the nucleus and induce DNA fragmentation and necrosis.
Mitochondria are dynamic organelles that undergo continuous fusion
and fission. These opposing processes are regulated by specific proteins
such as the outer membrane dynamin-like GTPases mitofusin 1 and 2,
which regulate fusion and DRP1, which controls fission. Mitochondrial
fission has been suggested to be activated during programmed necrosis
and our earlier data showed an increase in DRP1 levels and fragmented
mitochondria after APAP overdose (Ramachandran et al., Hepatology
58:2099-108, 2013). Based on the hypothesis that DRP1-mediated mitochondrial fission is a critical step in APAP induced programmed necrosis
and inhibition of DRP1 could attenuate APAP mediated liver injury,
we evaluated the effectiveness of a pharmaceutical inhibitor of DRP1
(Mdivi). Male C57BL6J mice were administered Mdivi at 50mg/kg, sacrificed 6 hours after APAP and blood as well as liver tissue were collected.
Measurements of plasma ALT levels indicate that Mdivi significantly
reduces liver injury, a finding corroborated by histological data showing
decreased centrilobular necrosis in Mdivi treated mice. This was accompanied by attenuated JNK activation as well as mitochondrial translocation of Bax and release of AIF and Smac. These effects are independent
of APAP metabolism, since Mdivi had no effect on early GSH depletion,
but reduced APAP-cysteine adducts at the later 6 hour time point. In
conclusion, Mdivi has an upstream effect during APAP metabolism that
provides protection. The reduction of APAP-cysteine adducts at the later
6 hour time point hints at the influence of other pathways that could be
removing protein adducts and/or damaged mitochondria.

2509 Reliable Screening for Drug Repositioning

Study against Liver Disease and Toxicology by
Gene Expression Analysis of a Model Mouse
Transplanted with Human Liver

K. Ohyama1, H. Soki1, H. Miyamoto1, H. Enomoto4, H. Tachiki4, S.
Nagatsuka2, M. N. Nakashima3, and M. Nakashima1. 1Nagasaki
University, Nagasaki, Japan; 2Sekisui Medical Co. Ltd, Ibaraki,
Japan; 3Sojo University, Kumamoto, Japan; and 4Towa
Pharmaceutical Co., Ltd., Kyoto, Japan.
Searching new beneficial effects for existing drugs has become a major
alternative strategy for the pharmaceutical industry. This is defined as
drug repositioning (DR) and has been attracting attention in recent
years. Here, we propose the gene expression of PXB-mice which is transplanted with human liver as a reliable tool for DR screening against liver
disease and toxicity. Each of drug-treated groups (n=6) were administered by five drugs. Hepatic total RNA was extracted and subjected
to gene expression analyses using microarray with GeneChip Human
Genome U133 plus 2.0 Array. Among 15125 genes examined, we
extracted the genes whose expression significantly changed more than
500% or less than 20% compared with control. As a result, 38 genes were
totally found in the drug-treated groups. Among them, 31 genes (82%)
have been reported to be associated with liver functions and toxicity.
Interestingly, 23 genes (74%) of the 31 genes were significantly changed
in Drug X group. Therefore, we focused on the analytical result in Drug
X group, and further considered if the 23 genes are related to liver diseases and toxicity.

2510 Protective Effect of Tripterygium Wilfordii

Glycosides-Induced Hepatoxicity by Water
Extract of Veratrilla Baillonii in Mice

X. Huang, Z.-H. Zhang, Z.-Y. Liu, N. Huang, Y. Yu, and X.-J. Yi. South
Central of University for Nationalities, Wuhan, China.
Tripterygium wilfordii glycosides (TG) tablet, a patented traditional
Chinese medicine derived from Tripterygium wilfordii extracts, is limited
by its narrow therapeutic window and severe toxicity including liver and
kidney. Current principal strategies for treating different liver hepatic
diseases contain pharmacotherapy, surgery, and liver transplantation.
However, all the treatments mentioned above exhibit limited therapeutic benefits and are even associated with serious complications
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or toxicities, which is therefore prompt us to search for novel, alternative and effective treatments against liver failures. Veratrilla baillonii
Franch (V. baillonii), which contains plenty of iridoids, has been used
as a traditional herbal medicine in China. Our previous phytochemical
studies revealed that a number of iridoids have been isolated from V.
baillonii. We hypothesize that it may possess hepatoprotective potential on drug induced liver injury based on our previous studies. Here,
we analyzed the effect of water extract of V. baillonii (WVBF) on the
TG-induced hepatotoxicity in mice. The treatment of TG extract at 270
mg/kg decreased body weight, increased mean organ weight ratio of
liver and induced histological changes of liver compared with the treatment of water in both male and female mice. Moreover, the TG-induced
hepatic damage was demonstrated by the increased levels of marker
enzymes ALT, AST, ALP and LDH in the serum as well as MicroRNA-122
in the liver. Additionally, TG treatment induced hepatic oxidative stress
as evident from the increase of MDA level and decreases of GSH level
and SOD activity. Pre-treatment of WVBF for 7 days attenuated all aforementioned TG-induced toxic effects including oxidative stress in the
liver. Our data indicated that the WVBF protected the liver from toxicity
induced by TG and therefore, it could serve as a safe medicinal supplement during TG-based chemotherapy. Overall, our study shows the
WVBF pre-treatment protected the liver from toxicity induced by TG
treatment and therefore, it could serve as a safe medicinal supplement
during TG chemotherapy.

and euthanized 1-36 hours following exposure. Concentration-time
profiles were generated for PERC and its major hepatotoxic metabolite trichloroacetate (TCA). Toxicodynamic phenotyping, including RNA
sequencing, was performed after five consecutive days of PERC (300 mg/
kg/d) or vehicle exposure. HFD- and MCD-fed mice had 6- and 8-fold,
respectively, greater PERC deposit into the liver compared to BD-fed
mice. Ex vivo studies showed an increased affinity of PERC for liver tissue
from mice with fatty livers compared to BD-fed mice. Maximum concentration of hepatic TCA was 25% lower in MCD-fed mice compared
to BD-fed mice. However, HFD- and MCD-fed mice exhibited decreased
elimination of TCA, leading to its hepatic accumulation in the liver. HFDor MCD-fed mice had an enhanced response to PERC as compared to
healthy mice, as evidenced by liver transcriptomic responses and other
toxicodynamic phenotyping. Genes involved in liver lipid homeostasis
were induced by PERC exposure, and this response was enhanced
by underlying NAFLD. In conclusion, underlying NAFLD significantly
increases hepatic exposure to PERC and TCA, which may explain the
disease state-specific toxicodynamic profiles. Incorporation of disease
state into human health assessments of environmental chemicals may
serve to better protect potentially at-risk sub-populations, such as individuals with NAFLD.

2513 Nrf2 Influences the Regulation of PparαDependent Genes in Mouse Liver

2511 Optimization of Methods to Enrich Hepatocyte-

Derived Exosomes for the Identification of Novel
DILI Biomarkers

S. E. Thacker2, M. Nautiyal2, N. S. Holman2, M. Otieno1, P. B.
Watkins2, and M. Mosedale2. 1Janssen Research and Development,
LLC, Spring House, PA; and 2University of North Carolina Institute
for Drug Safety Sciences, Research Triangle Park, NC.
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We have recently demonstrated that hepatotoxicants induce alterations
in hepatocyte-derived exosomes (HDE) prior to and in the absence of
overt necrosis, supporting a role for HDE in the pathogenesis of drug-induced liver injury (DILI). Because HDE contain liver-specific mRNAs,
miRNAs, and proteins, they may have value as more sensitive, specific,
and mechanistic biomarkers of DILI. The objective of this study was to
identify the best method for enriching HDEs in order to explore their
biomarker potential using cultured human hepatocytes. We analyzed
three widely used methods for exosome enrichment: ultracentrifugation (UC), OptiPrep density gradient ultracentrifugation (ODG), and
ExoQuick (EQ) - a commercially available exosome precipitation reagent.
Exosomes were enriched from the conditioned medium of cultured
HepG2 cells, collected over a 24-hour period. Nanoparticle tracking
analysis demonstrated that EQ resulted in a significantly higher number
of exosome-sized particles than UC (p<0.001) or ODG (p<0.0001).
Particle size and variation using UC and EQ were similar (~100 ± 10 nm),
however ODG enriched for particles significantly larger in size (p<0.05).
Quantification of exosomal albumin and GAPDH mRNA by qPCR showed
that UC- and EQ-enriched exosomes had comparable levels of both transcripts and significantly more than ODG-enriched exosomes (p<0.001).
Western blotting demonstrated a significantly higher expression of the
exosomal marker CD63 in UC-enriched exosomes when compared to
EQ or ODG (p<0.05). Taken together, these data suggest that both UC
and EQ enrichment result in significantly more HDEs than ODG, but UC
produces a more pure population of HDEs. We conclude that UC-based
enrichment provides the optimal combination of HDE quantity and
purity to identify novel exosome-based biomarkers of DILI using cultured human hepatocytes.

2512 Non-Alcoholic Fatty Liver Disease as a Modifier
of Perchloroethylene-Induced Toxicity

J. A. Cichocki1, S. Furuya1, I. Pogribny2, W. Chiu1, D. Threadgill1,
and I. Rusyn1. 1Texas A&M University, College Station, TX; and 2US
FDA/NCTR, Jefferson, AR.
Evaluation of inter-individual variability is a challenging step in chemical
risk assessment. For most environmental toxicants, including ubiquitous contaminants such as perchloroethylene (PERC), multiple genetic
and life-style factors, especially diet, may be important determinants
of variability. One potential contributor to inter-individual variability in
toxicokinetics and toxicodynamics of PERC is non-alcoholic fatty liver
disease (NAFLD), which affects nearly 25% of the U.S. population. We
hypothesized that sensitivity to PERC toxicity would be enhanced in
individuals with preexisting NAFLD. Male mice were fed either a base
(4% fat; BD), high-fat (31% fat; HFD), or methionine/choline/folate-deficient (MCD) diet for 8 weeks to emulate a healthy liver, simple steatosis,
or advanced NAFLD, respectively. After 8 weeks, mice were orally administered a single dose of PERC (300 mg/kg) or vehicle (Alkamuls-EL620)

F. V. Carvalho, K. M. Flores, G. J. Smith, and J. E. Manautou.
University of Connecticut, Storrs, CT.
The peroxisome-proliferator activator receptors (PPARs) are a family of
ligand-dependent nuclear receptors, which promote transcriptional
activation of target genes. The PPARα isotype regulates genes involved
in hepatic fatty acid transport, uptake and metabolism. Several of these
target genes are upregulated by hypolipidemic fibrate-type drugs.
Clofibrate (CFB) is a prototype for this class, and a well-known PPARα
activator. CFB treatment also prevents liver injury by acetaminophen
(APAP) in a PPARα-dependent manner. Similarly, nuclear factor erythroid 2-related factor 2 (Nrf2) is an important genetic determinant of
susceptibility to APAP hepatotoxicity. The purpose of this study was to
analyze the potential interaction between PPARα and Nrf2 signaling.
Analysis of mRNA expression of PPARα-related genes in wild-type (WT)
and Nrf2 knockout mice treated for 10 days with 250mg/kg CFB suggests that Nrf2 regulates PPARα function. Although no differences in
basal gene expression of PPARα were detected between WT and Nrf2-/mice, mRNA levels of several PPARα-dependent genes were significantly
lower in CFB-treated Nrf2-/- mice, compared to WT mice. This suggests
that inducibility of PPARα target genes is compromised in the absence
of Nrf2. Furthermore, the heterodimer partner for PPARα, retinoid X
receptor (RXRα), was also shown to have decreased mRNA expression in
Nrf2-/- mice. Decreased RXRα expression in the absence of Nrf2 is suggestive of decreased PPARα heterodimerization, which can contribute
to lower transcriptional regulation of PPARα-target genes. Altogether,
these results are indicative of potential regulatory link between Nrf2 and
PPARα signaling.

2514 Metabolimic Profiling Distinction of Human NonAlcoholic Fatty Liver Disease Progression from a
Common Rat Model

H. Li4, J. Han4,3,, A. L. Dzierlenga4, Z. Lu4, A. Lake4, P. Novak2,
P. Shipkova1, N. Aranibar1, D. Robertson1, M. D. Reilly1, L. D.
Lehman-McKeeman1, and N. J. Cherrington4. 1Bristol-Myers
Squibb Co., Princeton, NJ; 2Institute of Plant Molecular Biology,
Ceske Budejovice, Czech Republic; 3Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences, Beijing, China; and
4University of Arizona, Tucson, AZ.
Characteristic pathologic changes define the progression of steatosis
to nonalcoholic steatohepatitis (NASH), and are correlated to metabolic
pathways. A common rodent model of NASH is the methionine and
choline deficient (MCD) diet. The objective of this study was to perform
full metabolomic analyses on liver samples to determine which pathways are altered most pronouncedly in the human condition, and to
compare these changes to rodent models of nonalcoholic fatty liver
disease (NAFLD). A principal components analysis for all 91 metabolites
measured indicates that metabolome perturbation is greater and less
varied for humans than for rodents. Metabolome changes in human and
rat NAFLD were greatest for the fatty acid and bile acid metabolite families (e.g. arachidonoyl-lyso-PC, choline, GDCA); although, in many cases,
the trends were reversed when compared between species (butyryl carnitine, arachidonic acid). Overall, these results indicate that metabolites
of specific pathways may be useful biomarkers for NASH progression,

2515 Alteration of Bile Acid Profile by

Perfluorononanoic Acid (PFNA) in Mice

Y.
Y. Le1, Y. Zhang2, and X. Cheng1. 1St. John’s University,
Queens, NY; and 2Tianjin University, Tianjin, China.
Zhang1,

Perfluorononanoic acid (PFNA), one of Teflon perfluorochemicals, is
continuously detected in human blood. The hepatotoxicity of PFNA
has been previously reported. Our previous studies and others demonstrated that perfluorochemicals activated peroxisome proliferator-activated receptor alpha (PPARα) and constitutive androstane receptor
(CAR) nuclear receptors in mouse liver. Bile acids play important roles
in liver function. Currently, it remains largely unknown whether PFNA
alters metabolism and transport of bile acids in the liver. This study was
designed to determine the regulation of bile acid metabolism and transport by PFNA in mouse liver, as well as the underlying mechanism. Adult
male C57BL/6 mice, as well as age-matched male PPARα-null mice and
male CAR-null mice (n=6/treatment) were given a single intraperitoneal
administration of PFNA (0.1 mmole/kg). Four days later, mouse serum
and liver were collected. Liver histology showed that in wild-type mice,
PFNA induced cholestasis. Chemical analysis revealed that in wild-type
mice, PFNA increased serum levels of alanine aminotransferase and
conjugated bilirubin. In addition, in both wild-type and CAR-null mice,
PFNA increased total bile acid concentration in serum, but decreased it
in the liver. In contrast, in PPARα-null mice, PFNA did not alter total bile
acid concentrations in either serum or liver, indicating that PFNA altered
total bile acid concentration in mouse liver and serum in a PPARαdependent manner. Moreover, PFNA decreased mRNA expressions of
some bile acid transporters (Ntcp, Bsep, and Oatp1b2) and some bile
acid biosynthetic enzymes (Cyp7a1, 7b1, 8b1, and 27a1), but increased
mRNA expressions of some efflux transporters (Bcrp, Mdr2, Mrp2, 3, and
4). In conclusion, PFNA induced cholestasis in mice via PPARα activation.

2516 Defining the Landscape of MicroRNAs/mRNAs

and Their Association in Hepatocarcinogenesis:
A Study of Thioacetamide with Multiple Doses
and Timepoints of Rats

Dweep2,

Morikawa1,

Liu2,

Gong2,

Yan2,

Chen2,

H.
Y.
Z.
B.
J.
T.
T.
Uehara1, W. Tong2, and Y. Wang2. 1Shionogi & Co. Ltd, Toyonaka,
Osaka, Japan; and 2US FDA/NCTR, Jefferson, AR.
Environmental chemicals exposure is one of the primary factors for liver
toxicity and hepatocarcinoma. Thioacetamide (TAA) is a well-known
hepatotoxicant and could be a liver carcinogen in humans. The discovery of early and sensitive biomarkers in liver injury and tumor progression could improve cancer diagnosis, prognosis, and management.
We therefore studied the dynamic changes in microRNAs (miRNAs) and
mRNAs expression and explored their potential mechanistic roles in
rat liver treated with TAA at multiple doses and time points. SpragueDawley rats were administrated with TAA at three doses (low, middle
and high) and four repeated treatment durations (3-, 7-, 14- and 28-days).
Expressions of miRNAs and mRNAs in livers were profiled using next
generation sequencing and microarrays. Overall, 330 and 2,210 unique
differentially expressed miRNAs (DEMs) and genes (DEGs) were identified in the entire TAA-treatment course. Many potential interactions
and target-, and miRNA-hubs were observed within DEMs and DEGs in
studied conditions. Pathway analysis further revealed a strong overlap of
functional patterns (liver cancer, p53-, Wnt-, Mapk- and PPAR-signaling,
and metabolism, cell cycle and cytochrome P450) between DEMs and
DEGs. Notably, two DEMs (miR-34a-5p and miR-455-3p) were identified
to be early and sensitive biomarkers for TAA-induced hepatocarcinogenicity and were significantly enriched for their binding sites within DEGs.
These two DEMs were predicted to regulate overlapping and most relevant signaling. Upregulation of miR-34a-5p was further confirmed by
qPCR. These findings reveal the expression of several genes involved in
the regulation of mechanisms underlying hepatocarcinogenesis may
be under the control of miRNAs and propose a potential application for
human risk assessment. We have shown significant regulatory associations between two DEMs expression and their possible impacts on TAAinduced liver carcinogenesis at an earlier stage than histopathological
features. Most importantly, miR-34a-5p is the most suitable early and
sensitive biomarker for TAA-induced hepatocarcinogenesis due to its
consistent elevation during the entire treatment course.

2517 Diminished Phosphorylation of CREB Is a Key

Event in the Dysregulation of Gluconeogenesis,
Glycogenolysis, and Fatty Acid Oxidation in
PCB126 Hepatotoxicity

G. S. Gadupudi2, W. D. Klaren2, A. K. Olivier1, A. J. Klingelhutz2, and
L. W. Robertson2. 1Mississippi State University, Mississippi State,
MS; and 2University of Iowa, Iowa City, IA.
3,3’,4,4’,5-pentachlorobiphenyl (PCB126), a aryl hydrocarbon receptor
(AhR) agonist, is strongly associated with metabolic disorders such
as diabetes and nonalcoholic fatty liver disease (NAFLD) in humans.
However the underlying mechanisms are not clear. We hypothesized
that PCB126 disrupts carbohydrate and lipid metabolism in the liver,
leading to altered energy homeostasis. Separate animal studies were
performed using a rat model to characterize the time- and dose-dependent metabolic disruption after PCB126 administration. The chronology
of PCB126 toxicity showed early decreases in serum glucose levels at 9
h, that worsened in a time-dependent way until the end of the study at
12 d. Lipid accumulation increased, between 3 d and 12 d of exposure
to PCB126, worsening the hepatic steatosis. The observed fatty liver was
also found to be dose-dependently aggravated at 1 and 5 µmol/Kg of
PCB126 exposure. The decrease in serum glucose results from decreases
in the transcript levels of various gluconeogenic and glycogenolytic
enzymes, necessary for hepatic glucose production during glucose
deprivation. The protein levels of phosphoenolpyruvate carboxykinase
(PEPCK-C), the rate limiting enzyme of gluconeogenesis, were significantly decreased upon exposure to PCB126. The transcript levels of
peroxisome proliferator-activated receptor alpha (Pparα) and several of
its targets involved in fatty acid oxidation were also found to be time
and dose-dependently decreased upon exposure to PCB126. As a novel
finding, we show that PCB126 significantly decreases the phosphorylation of the nuclear transcription factor cAMP response element-binding
protein (CREB), necessary for transcription of enzymes involved in
hepatic glucose production. The decreased transcriptional activation
of CREB, thus explain the integrative effects of PCB126 on both gluconeogenesis and fatty acid oxidation in causing the hepatotoxicity and
impaired energy homeostasis. (Supported by P42 ES013661)

2518 Transient Changes in Hepatic Physiology Alter

Bilirubin and Bile Acid Transport and May
Explain Elevations in Liver Chemistries Observed
in Clinical Trials of GGF2 (Cimaglermin Alfa)

M. Mosedale3, J. P. Jackson2, K. R. Brouwer2, D. Button1, A.
Caggiano1, A. Eisen1, J. Iaci1, R. Stanulis1, T. Parry1, and P. B.
Watkins3. 1Acorda Therapeutics, Ardsley, NY; 2Qualyst Transporter
Solutions, Durham, NC; and 3University of North Carolina
Eshelman School of Pharmacy, Research Triangle Park, NC.
GGF2 is a full-length, recombinant human neuregulin-1β3 in development for chronic heart failure. In Phase 1 clinical studies, transient elevations in serum aminotransferases and total bilirubin, meeting Hy’s Law
criteria, were observed without sequelae in 2 of 54 subjects receiving
GGF2. DILIsym® modeling suggested that factors other than hepatocyte
death underlie the rise in serum bilirubin observed. Several translational
approaches were used to understand the liver response associated
with GGF2. 1) A single 15 mg/kg dose of GGF2 in Cynomolgus monkeys
resulted in elevated liver chemistries similar to humans, with serum bile
acid increases approximately 48-72 h post-dose. All values returned to
normal within 1 week of dosing. Liver biopsies taken at the peak of elevations demonstrated only hyperplasia and hypertrophy of bile duct
epithelium which had resolved by Day 14. 2) No morphological changes
or cytotoxicity were observed in sandwich-cultured human hepatocytes
treated with GGF2 (0-2850 pM) for up to 72 h. Global gene expression
profiling identified ~50% reductions in bilirubin transporters and bile
acid conjugating enzymes as well as transient and reversible changes
in several hundred other genes representing signal transduction, xenobiotic metabolizing, and acute phase response pathways. 3) GGF2
treatment of Transporter Certified human hepatocytes using B-CLEAR®
technology demonstrated a dose-dependent but reversible decrease
in hepatocyte bile acid content and biliary clearance of taurocholate
without affecting biliary taurocholate efflux. Taken together, these data
suggest that exogenous GGF2 transiently modifies hepatic handling of
bilirubin and bile acids and this may account for the transient elevations
in liver chemistries observed in 2 clinical trial subjects.
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although these markers may not correspond to rodent NASH models.
The MCD model may be useful when studying certain endpoints of
NASH such as xenobiotic transporter mediated disposition, however,
the metabolomics results indicate important differences between
humans and rodents in the biochemical pathogenesis of the disease.

2519 Hepatoprotective Role of Macrophage-Derived
Hypoxia Inducible F
 actor (HIF)-2α during
Acetaminophen Induced Liver Injury

Y. Gao1, M. Wang1, H. K. Eltzschig2, and C. Ju1. 1University of
Colorado, Aurora, CO; and 2University of Texas Health Science
Center, Houston, TX. Sponsor: C. Ju.
Background and Objective: As the leading cause of acute liver failure in
America, acetaminophen-induced liver injury (AILI) induces hypoxia in
the liver with a high influx of macrophages (MΦs) at the site of injury.
Our lab previously revealed the hepatoprotective role of both resident
Kupffer cells (KCs) and infiltrating MΦs (IMs) post injury. During AILI, the
low oxygen environment activates hypoxia inducible factor (HIF) which
has been reported to regulate both MΦ phenotype and function. This
led us to investigate the hypothesis that APAP causes HIF stabilization
specifically in hepatic MΦs and HIF is critical in mediating the protective
effects of hepatic MΦs during AILI. Experimental Methods: Mice were
injected with 210 mg/kg of APAP to induce AILI. HIF reporter (ODD-Luc)
mice were used to determine HIF stabilization in liver MΦs after APAP
challenge. Myeloid-specific HIF-2α knockout mice (HIF-2αmye-/-) were
generated by crossing HIF-2αflox/flox with LysMCre mice. Dimethyloxallyl
glycine (DMOG), a prolyl hydroxylase (PHD) inhibitor, is used to experimentally stabilize HIF. Results: Both MΦs and liver tissue from ODD-Luc
mice showed significant HIF stabilization in APAP-treated mice compared to control mice. Western blot analyses showed HIF-2α protein
expression was significantly upregulated in isolated WT liver MΦs after
APAP treatment. Compared to WT mice, HIF-2αmye-/- mice exhibited
more severe AILI, evident by liver histology and ALT elevation. In contrast, stabilizing HIF with DMOG, either 3 hours prior to APAP injection
or 2 hours post injection, resulted in a significant decrease in liver injury.
Our data show that serum levels of interleukin-6 (IL-6), a target gene
of HIF-2α, were significantly lower in HIF-2αmye/- compared to WT after
APAP injection. Moreover, treatment with exogenous IL-6 attenuated
AILI in HIF-2αmye/- mice. Conclusion: HIF-2α is an important transcription
factor mediating MΦs protective effects against AILI. A possible mechanism is HIF-2α upregulating its downstream target, IL-6, which is a major
proregenerative factor during liver injury. Our study is the first to show
that hepatic MΦ-derived HIF-2α promotes IL-6 production, thereby
mediating the hepato-protective function of MΦs during AILI.
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2520 Von Willebrand Factor Deficiency Attenuates
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Chronic Hepatic Fibrosis but Not Acute Liver
Injury Induced by the Hepatotoxicant Carbon
Tetrachloride in Mice

N. Joshi1, A. K. Kopec1, J. L. Ray1, H. Cline-Fedewa1, D. Groeneveld2,
T. Lisman2, and J. P. Luyendyk1. 1Michigan State University,
East Lansing, MI; and 2University of Groningen, Groningen,
Netherlands.
Chronic liver disease is associated with complex changes in the hemostatic system and elevated levels of the platelet-adhesive protein Von
Willebrand factor (VWF) are reported in patients with cirrhosis. Although
elevated levels of VWF are associated with fibrosis in the general population, the role of VWF in acute and chronic liver injury has not been examined in depth in experimental settings. We tested the hypothesis that
VWF deficiency inhibits liver injury and fibrosis induced by the hepatotoxicant carbon tetrachloride (CCl4) in mice. Acute CCl4 administration (1
ml/kg) caused significant liver necrosis in wild-type (WT) mice. However,
VWF deficiency did not affect the severity of hepatocellular necrosis
or compensatory hepatocyte proliferation 48 or 72 hours after CCl4
administration. Chronic exposure of WT mice to CCl4, twice weekly for
6 weeks, significantly increased hepatic stellate cell activation and collagen deposition in liver. VWF deficiency had no effect on CCl4-induced
hepatic platelet accumulation or plasma serotonin, a measure of platelet
activation. Interestingly, hepatic induction of several profibrogenic and
stellate cell activation genes was attenuated in VWF-deficient mice.
Moreover, birefringent sirius red staining (indicating type I and III collagens) and type I collagen immunofluorescence indicated a reduction
in hepatic collagen deposition in CCl4-exposed VWF-deficient mice
compared to CCl4-exposed WT mice. The results indicate that VWF deficiency attenuates chronic CCl4-induced liver fibrosis without affecting
acute hepatocellular necrosis induced by this classic hepatotoxicant.
Moreover, the results constitute experimental evidence to suggest that
elevated plasma VWF levels in patients with cirrhosis are mechanistically
linked to the progression of liver fibrosis.

2521 Bile Acid Stimulation of Tissue Factor

Procoagulant Activity in Hepatocytes
Requires Non-Apoptotic Phosphatidylserine
Externalization

K. S. Baker, A. K. Kopec, N. Joshi, H. Cline-Fedewa, and J. P.
Luyendyk. Michigan State University, East Lansing, MI.
Hepatocytes express a tissue factor (TF):FVIIa complex shown to trigger
intrahepatic coagulation in experimental cholestatic liver disease, and
coagulation cascade activation is evident in patients with obstructive cholestasis. However, the timing and mechanism of decryption
of hepatocyte TF procoagulant activity has not been described. We
hypothesized that rapid exposure of hepatocytes to high levels of bile
acids increases TF procoagulant activity. Surgical obstruction, in the
form of bile duct clamp (BDC) in mice, caused rapid cholestasis in the
absence of liver injury, indicated by increased plasma bile acid levels
without a concurrent increase in serum biomarkers of liver injury.
Increased plasma thrombin-antithrombin levels and hepatic fibrin(ogen)
deposits indicated intrahepatic coagulation within 15 minutes of BDC.
Treatment of primary mouse hepatocytes with pathologically relevant concentrations of the bile acid taurocholic acid (TCA) increased
hepatocyte TF-dependent procoagulant activity in as little as 5 minutes.
TCA-triggered TF procoagulant activity in vitro was not associated with
either necrosis or apoptosis, nor were de novo TF mRNA transcription or
the bile acid nuclear receptor farnesoid X receptor required. Moreover,
inhibitors of PI3K, ERK1/2, and p38 failed to inhibit TCA-triggered TF procoagulant activity. Interestingly, TCA treatment increased phosphatidylserine (PS) externalization on the extracellular membrane of hepatocytes, and the TCA-mediated increase in TF activity was blocked by the
high affinity PS-binding protein lactadherin. The results indicate that
TCA causes rapid decryption of hepatocyte TF activity independent of
cell death and de novo synthesis, likely through a mechanism involving
non-apoptotic PS externalization. The results suggest a mechanism
whereby nontoxic bile acids play a key role in triggering intrahepatic
coagulation in disease settings associated with cholestasis.

2522 Acetaminophen Hepatotoxicity: Switch from
Necrotic to Apoptotic Cell Death

J. L. Weemhoff, K. Du, A. Ramachandran, B. L. Woolbright, and H.
Jaeschke. University of Kansas Medical Center, Kansas City, KS.
Acetaminophen toxicity is a major cause of acute liver failure in the
United States and involves metabolic activation, glutathione depletion,
mitochondrial injury, and cell death. It is generally accepted that the
vast majority of cell death (>99%) occurs via oncotic necrosis, rather
than apoptosis, in both mice and humans. Recent studies, however,
demonstrate an elevation of apoptosis specific biomarkers in the plasma
of human patients following acetaminophen hepatotoxicity, namely
caspase-cleaved cytokeratin-18. A possible explanation for these findings could be the administration of the antioxidant N-acetylcysteine in
these patients. Since mitochondrial injury is the major source of oxidative stress following acetaminophen toxicity, we hypothesized that
mitochondrial stress could act as a ‘switch’ between apoptosis and
necrosis. To study this, C57Bl/6J mice were treated with acetaminophen
(300mg/kg) followed by the mitochondria-targeted antioxidant mitotempo (20mg/kg) 1.5 hours later. We found that mice treated with mitotempo were dramatically protected against hepatotoxicity at 24 hours,
as measured by ALT, compared to vehicle treated mice (671±171 vs.
5610±1464 U/L, respectively). Surprisingly, histopathologic analysis of
liver tissue demonstrated a significant increase in cells exhibiting apoptotic morphology while in vehicle treated mice, the necrotic phenotype
was observed almost exclusively. Consistent with this finding, there was
a significant increase in caspase activity in mito-tempo treated mice
(62.1±21.4 RFU/min/mg protein vs. 12.1±4.3 RFU/min/mg protein) as
well as increased levels of cleaved caspase-3 in the liver of mito-tempo
treated mice. Concurrently, mito-tempo treated mice had decreased
expression of RIP3 protein, a critical mediator or necrosis. Furthermore,
treatment with the pan-caspase inhibitor z-VAD-fmk (10mg/kg) 2 hours
after APAP administration neutralized the caspase activation caused by
mito-tempo and provided additional protection against APAP hepatotoxicity (273±90 U/L vs. 671±171 U/L). This data suggests that while
necrosis is the primary cause of cell death after APAP hepatotoxicity,
treatment with the antioxidant mito-tempo, or possibly NAC, may
switch the mode of cell death to apoptosis in some cells. Modulation
of mitochondrial oxidative stress may play a critical role in this switch.

2523 The Role of Aryl Hydrocarbon Receptor in PCBInduced Fatty Liver Disease in Mice

H. Shi, H. B. Clair, J. E. Hardesty, J. Jin, K. C. Falkner, R. A. Prough, M.
Song, and M. C. Cave. University of Louisville, Louisville, KY.
In epidemiology studies, exposure to the pollutants polychlorinated
biphenyls (PCBs) have been associated with steatohepatitis. We hypothesized that AhR plays a critical role in fatty liver disease of mice treated
with an environmentally relevant PCB (DL/NDL) mixtures. Male C57BL6/J
mice (8-10 weeks) on TekLab TD06416 diet were treated by one-time
gavage with Aroclor 1260 (20 mg/kg), PCB126 (20 µg/kg), and Aroclor
1260 with 0.1% PCB 126 added in corn oil for 2 weeks. Real-time PCR
and H&E staining was performed to observe gene expression and histological changes. PCB exposure exhibited a trend toward increased
liver weight and decreased epididymal adipose tissue weight. Mice
treated with Ar1260 increased hepatic constitutive androstane receptor
(CAR) target genes, cytochrome Cyp2b10 expression, and increased
hepatic Pnpla3, a gene expression previously shown to act against
NASH. Scavenger receptor CD36 was upregulated by either Ar1260 or
PCB126, but downregulated by Ar1260/PCB126 treatment. Mice treated
with PCB126 and Ar1260/PCB126 exhibited increased AhR target gene
Cyp1a2, but not by Ar1260 alone. Pnpla3 expression was decreased
under condition involving PCB126. PCB126-treated mice demonstrated
increased hepatic triglycerides and free fatty acid content associated
with hepatic steatosis. The SCD1 gene was downregulated in all groups.
The insulin-like growth factor 1(IGF1) was increased, and fibroblast
growth factor 21 (FGF21) was decreased after treatment with either
Ar1260 or PCB126, while Ar1260/PCB126 exposure attenuated expression of both IGF1 and FGF21 expression. The hepatic fatty acid oxidation genes, including Cpt1 and Cyp4a10 were upregulated by PCB126
administration. The fasting blood glucose was decreased by PCB126,
but this condition resulted in increased levels of gluconeogenic enzyme
Pck1.The DL PCB and NDL PCB exhibits differential effects on fatty liver
disease due to activation of several different transcriptional factors.
There is a complex interaction between DL PCB and NDL PCB in the
mixture when compared to each alone. Therefore, AhR is essential for
environmentally relevant PCB mixture-induced fatty liver disease.

2525 Dietary Copper-Fructose Interactions Alter

Gut Microbial Activity Concurrent with the
Development of Hepatic Steatosis in Male Rats

M. Song3, X. Zhang3, M. Vos1, R. Prough3, M. Cave3,2,, and C.
McClain3,2,. 1Emory University, Atlanta, GA; 2Robley Rex VAMC,
Louisville, KY; and 3University of Louisville, Louisville, KY.
Dietary copper-fructose interactions play critical roles in the pathogenesis of nonalcoholic fatty liver disease (NAFLD). This study was to determine the effect of different dietary doses of copper and their interactions with high fructose on gut microbial activity and the development
of steatosis. Male Sprague-Dawley rats were fed diets with adequate
copper (6 ppm, CuA), marginal copper (1.5 ppm, CuM) (low-copper)
or copper supplementation (20 ppm, CuS) (high-copper) for 4 weeks.
Deionized water containing 30% fructose (w/v) was given ad lib. Copper
status, liver enzymes, gut barrier function and gut microbial activity
were evaluated. Copper levels were significantly lower in rats fed with
a marginal copper diet than in those fed with an adequate copper diet.
However, high-copper diet did not lead to excessive copper accumulation in the liver. Both low- and high-copper diets led to liver injury
and fat accumulation in high fructose fed rats, and this accumulation
was associated with gut barrier dysfunction. Low-copper (but not highcopper) and high-fructose-induced steatosis was associated with endotoxemia. Fecal metabolomics study and 16S rRNA gene expression analysis revealed distinct gut microbial metabolic characteristics in response
to dietary low- and high-copper high-fructose feeding, respectively. Our
data demonstrated that dietary copper-fructose interaction regulates
gut microbial metabolic activity, which might contribute to the development of hepatic steatosis. Distinct alterations of gut microbial activity
which were associated with the different doses of copper/fructose imply
that separate mechanism(s) might be involved.

2526 Enhanced Hepatic Steatosis following Valproic
Acid Administration in Mrp4-Deficient Mice

Labows1,

Experimental Fatty Liver Disease in Mice

A. L. Lang, L. Chen, and J. I. Beier. University of Louisville, Louisville,
KY.
Background: Vinyl chloride (VC) directly causes hepatic angiosarcoma and toxicant-associated steatohepatitis at high exposure levels.
However, the impact of lower concentrations of VC on the progression of underlying liver diseases (e.g. NAFLD) is unclear. Given that it
is estimated that about 70% of the US populace has NAFLD, this is an
important concern. Recent studies by this group with VC metabolites
suggest a potential interaction between VC exposure and liver disease
to cause enhanced damage. In the current study it is hypothesized that
low levels of VC (sub OSHA-limit) will increase liver damage and alter
lipid and carbohydrate metabolism in mice fed a high fat diet (HFD).
Methods: C57Bl/6J mice were exposed to VC via inhalation at concentrations below the current OSHA limit (i.e. <1ppm), or room air for 6
hours per day, 5 days per week for 12 weeks. Mice were fed diets rich
in saturated fatty acids (HFD: 42% fat), or a low-fat control diets (LFD:
13% fat). Oral glucose tolerance tests were performed and plasma and
liver samples were collected for histology, determination of inflammation, metabolic changes, and liver damage. Results: Mice fed a LFD ± VC
exposure showed no changes in body weight or altered glucose tolerance. However, plasma transaminases were elevated after VC inhalation, even in the LFD group. Mice fed a HFD had significantly increased
body weights, decreased insulin sensitivity, and elevated transaminases.
These effects were significantly enhanced by VC inhalation. Indeed
these mice had significantly higher body weights, a further decrease
in glucose tolerance, altered expression of key metabolic genes, and an
enhanced elevation of liver transaminases. Conclusions: Taken together,
these results support the hypothesis that low level (sub OSHA-limit)
chronic exposure to VC via inhalation enhances liver injury caused by
a diet high in saturated fatty acids. Importantly, these data raise concerns about potential for overlap between diets high in fatty acids (i.e.
Western diet) and exposure to VC and the health implications of this
co-exposure for humans. It also emphasizes that current safety restriction may be insufficient as other factors may contribute to an enhanced
disease progression.

The multidrug resistance transporter Mrp4 is an active organic anion
efflux protein located in plasma membranes of tissues such as brain,
kidney, and liver. Basal Mrp4 expression is relatively low in liver, but is
induced by hepatotoxicant exposure. Naïve knockout mice lacking functional Mrp4 protein (Mrp4-/-) gain weight more rapidly than wild type
(WT) mice, accumulate visceral fat, and exhibit marginal liver steatosis.
These observations suggest that in addition to its role in drug transport,
Mrp4 may also play a role in hepatic lipid homeostasis. Valproic acid
(VPA) is an antiepileptic agent known to alter the expression of genes
involved in lipid transport, synthesis, and fatty acid oxidation. Here we
compare the effects of VPA on liver lipid accumulation in WT and Mrp4-/mice. Following 24-hr VPA treatment (500 mg/kg), serum ALT activity
was analyzed, and histological evidence of damage and hepatic lipid
accumulation was also assessed by H&E and Oil Red O staining. This
assessment revealed higher microvesicular steatosis in Mrp4-/- mice
compared to WT after VPA with no evidence of liver injury (normal
ALT values) in either genotype group. qPCR showed a clear trend of
increased expression of oxidative stress-related genes in WT VPA-treated
animals, but not in Mrp4-/- animals despite the presence of greater steatosis. Disruption of secretion, uptake, β-oxidation or synthesis of lipids
may be contributing to the more pronounced steatosis phenotype in
Mrp4-/- mice. Additional qPCR analyses revealed higher levels of PPARγ
and ApoB mRNA in Mrp4-/- mice. Collectively, these studies demonstrate
that Mrp4 function influences hepatic lipid homeostasis in response to a
well-characterized steatotic drug by mechanisms yet to be determined.

2527 Aryl Hydrocarbon Receptor (AhR)-Mediated

Dysregulation of Arachidonic Acid Metabolism
and Leukotriene Synthesis in Female SpragueDawley Rats

C. M. Doskey, R. Nault, K. A. Fader, A. D. Jones, and T.
Zacharewski. Michigan State University, East Lansing, MI.
To further investigate pathways involved in aryl hydrocarbon receptor
(AhR)-elicited hepatotoxic responses, female Sprague-Dawley rats were
gavaged with sesame oil-vehicle or 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD; 0.01-10 μg/kg) every 4 days for 28 days. RNA-Seq analysis identified 4,042 differentially expressed hepatic genes (DEGs) (|fold-change|≥
1.5, P1(t) ≥ 0.8) across 1 or more doses. Untargeted metabolomics
(UPLC/MS/MS) identified a total of 941 metabolites with 487 increased
and 454 decreased. RNA-Seq integration with untargeted metabolo-
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2524 Vinyl Chloride Inhalation Exacerbates

C.
K. M. Flores2, J. L. Renfro2, G. J. Smith2, F. Carvalho2,
and J. E. Manautou2. 1Swarthmore College, Swarthmore, PA; and
2University of Connecticut, Storrs, CT.

mics identified dose-dependent changes in linoleic acid (LA) metabolism and arachidonic acid (AA) metabolism. AA and LA are metabolized
via cyclooxygenase, lipoxygenase, and cytochrome P450 epoxidation/
hydroxylation pathways. TCDD treatment caused dose-dependent
hepatic gene expression involved in all three eicosanoid biosynthetic
pathways, with lipoxygenase pathway induction in rats compared to
mice. Targeted identification and quantification of hepatic eicosanoids
showed decreased AA (2-fold), but slightly increased LA (1.3-fold) with
concomitant increases in leukotriene (LT) B4 (3-fold), LTB3 (5-fold), LTC4
(1.3-fold) and decreases in the cysteinyl LTs, LTD4 (13-fold) and LTF4
(2-fold), at 10 μg/kg TCDD. Accordingly, RNA-Seq analysis showed
increased hepatic AA biosynthesis through induction of phospholipase
A2 (Pla2g12a; 6-fold), as well as increased utilization of AA by lipoxygenases Alox5 (2-fold), Alox12 (2-fold), and Alox15 (10-fold) for the synthesis of LTs, important inflammatory mediators that use lipid signaling
to regulate immune response. Repression of DEGs involved in glutamate
metabolism observed could be responsible for the decrease in LTD4 and
LTF4. LTB3 and B4 recruit neutrophils to areas of tissue damage. These
results are consistent with the observed immune cell infiltration, and the
integral role of inflammation in the response to TCDD-elicited hepatotoxicity. Funded by Superfund Research Program P42ES04911 (TZ), NIEHS
Training Grant in Environmental Toxicology 5T32ES007255-27 (CMD),
Integrative Training in Pharmacological Sciences Grant (RN) and Canadian
Institutes of Health Research Doctoral Foreign Study Award DFS-140386
(KAF).

2528 Temporal Dynamics of Hepatic CD4+FoxP3+ Tregs
following Chronic CCl4-Induced Liver Fibrosis

R. L. McCullough, M. R. McMullen, and L. E. Nagy. Cleveland Clinic,
Cleveland, OH.
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Objective: Wound healing is a naturally occurring physiologic response;
however, upon excessive exposure to toxicants or persistent injury,
fibrosis occurs. Both the progression and resolution of fibrosis depends
on the interactions of NPCs, resident leukocytes, and infiltrating leukocytes. Regulatory T cells (Tregs) are key contributors to the resolution
phase of inflammation via secretion of immunosuppressive and pro-resolving cytokines, including IL-10 and TGF-b. Here, we evaluated the
dynamic regulation of inflammation and resolution in liver following
chronic CCl4-induced liver fibrosis. Methods: Wild-type C57BL/6J female
mice were treated twice weekly with carbon tetrachloride (CCl4) for
five weeks; control mice received olive oil (OO). Final doses were timed
(18, 24, 48, or 72h post-injection) so that dynamic responses could be
assessed. Results: CCl4-treated mice displayed peak injury 18 and 24h
post-CCl4 (ALT/AST). Bridging deposition of COL1A1 was observed by
24h. Expression of pro-fibrotic genes a-SMA and COL1A1 were increased
at early time points (18 and 24h). Similarly, CCl4 treatment increased
TNF-a, MCP-1, and IL-6 expression in liver by 18-24h. FACS analysis
revealed infiltration of CD11c+ DCs, Ly6G+CD11b+ neutrophils and
CD11b+Ly6Chi inflammatory scar-associated macrophages (SAM) at 24h
following CCl4 treatment. Interestingly, CD11b+Ly6Clow tissue restorative SAMs persisted to 72h. The mRNA expression of TGF-b and IL-10
robustly increased at 18 and 24h, decreased at 48h, and moderately
increased at 72h. Liver CD4+FoxP3+Tregs displayed a biphasic response
after CCl4 injection, with a modest increase at 18h, a decrease at 24h
and a dramatic increase by 72h. Conclusions: These data demonstrate
the dynamic response of the liver to the final challenge with CCl4 after
chronic CCl4 exposure. Even after chronic injury, this additional insult
led to leukocyte infiltration to the liver and induction of fibrogenic
responses within 18-24hr. By 48-72hr, resolution of inflammation and
extracellular matrix remodeling transpires. Here, we demonstrate that
hepatic CD4+FoxP3+Tregs , major pro-resolution effector T cells, are also
dynamically regulated, with increased recruitment to the liver during
the wound healing/resolution phase of the response, likely serving to
promote tissue repair following CCl4-induced liver fibrosis.

2529 Bile Acid Glucuronidation in Preclinical Species
H. Schadt, A. Fischer, M. Lineard, M. Schwald, A. Wolf, and F.
Pognan. Novartis, Basel, Switzerland.
Bile acids (BAs) are important endocrine signaling molecules regulating
a variety of cellular processes in addition to their well-established role in
lipid digestions and resorption from the gastrointestinal tract. After synthesis in the liver from cholesterol, BAs are conjugated with glycine or
taurine before transported into the bile canaliculi by transporters such
as Bsep. Other conjugation reactions such as sulfation or glucuronidation occur, but are usually less abundant and considered less relevant
under normal physiologic conditions. Glucuronidation of BAs, however,
is reported to become more important under severe cholestatic conditions, since it allows the conversion of cytotoxic BAs into non-toxic glucuronides and facilitates transporter-mediated alternative efflux from

hepatocytes. To shed light into the role of hepatic BA glucuronidation in
BA homeostasis, we established a multiplexed LC-MS/MS method for BA
glucuronide analysis and developed a new BA glucuronidation activity
assay in liver microsomes. Here, we present the details of the analytical
method and the UDP-glucuronosyltransferase catalyzed enzymatic BA
glucuronidation activity assay and its application to biological samples
of different preclinical species. Preliminary results suggest significant
differences in BA glucuronidation activities in rat and dog liver microsomes. In addition, the abundance of BA glucuronides in plasma and
bile seems to vary between species. In conclusion, the data presented
point towards inter-species differences in BA glucuronidation, which
might be pivotal for BA detoxification and alternative efflux under
cholestatic conditions and could confer higher susceptibility for some
species towards drug-induced cholestasis.

2530 FGFR Signaling during Human Hepatic Stellate
Cell Activation

J. D. Schumacher, B. Kong, J. Wu, J. Shen, and G. L. Guo. Rutgers
University, Piscataway, NJ.
Under normal physiologic conditions hepatic stellate cells (HSCs)
perform numerous functions including retinoic acid storage, regulation of hepatic blood flow, immune regulation, and drug detoxification.
However during chronic liver injury, HSCs proliferate and transdifferentiate into an activated myofibroblastic state. These activated HSCs are
the predominant producers of extracellular matrix components deposited in the liver during the development of hepatic fibrosis. Therefore,
regulation of HSC phenotype and proliferation plays a key role in the
prevention and development of liver fibrosis. Our lab has previously
shown that deficiency of FGF15 (FGF19–human homologue), an FXR
regulated endocrine FGF produced in the ileum, was protective against
liver fibrosis in a high fat diet (HFD)-induced non-alcoholic steatohepatitis (NASH) mouse model. Despite the observed decrease in fibrosis in
FGF15 deficient mice with NASH, there was severe steatosis and inflammation indicating that FGF15/19 may directly activate HSCs. Therefore,
it was the aim of this study to investigate the mechanisms by which
FGF15/19 affects HSC phenotype and proliferation. A human hepatic
HSC line, LX-2, was serially passaged to allow for transdifferentiation into
an activated phenotype. Expression of FGFR4 and FGFR1, the receptors
for FGF15/19, was determined in unpassaged and passaged cells. We
found that FGFR1 is expressed to a much greater extent than FGFR4
in LX-2 cells and that both receptors are up-regulated in the activated,
passaged cells. This study indicates that FGF15/19 may directly activate
HSC signaling.

2531 Individual Variability of Carbamazepine-Induced
Liver Injury in Mice

Y. Uematsu2, S. Akai1, S. Oda1, T. Yamada2, and T. Yokoi1. 1Nagoya
University Graduate School of Medicine, Nagoya, Japan; and
2Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan.
Carbamazepine (CBZ), a conventional anti-epileptic drug, rarely causes
liver injury in humans. It has been demonstrated that CBZ induced
immune-mediated liver injury in mice and rats, and the apparent individual variability in its severity was also observed. To investigate the
cause of individual variability, we investigated the plasma concentration of CBZ and its metabolites, and the hepatic mRNA expression of
immune-related factors in responder and non-responder. Male 8-week
old Balb/c mice were orally dosed with CBZ at 400 mg/kg daily for 4
days and at 800 mg/kg on the 5th day. In our facility, approximately
20% of treated mice developed liver injury at 24 h after the last dosing
(responder) and the other treated mice did not (non-responder). Even
among responders, there was large individual variability in their severity
(low responders, plasma ALT levels are from 1,200 to 2,000 U/L; high
responders, plasma ALT levels are from 8,290 to 60,000 U/L). Plasma
concentration of CBZ after the last dosing was not correlated with
the severity of liver injury. On the other hand, Cmax and/or AUC0-24 h of
3-hydroxy CBZ in plasma were significantly high in responders compared with non-responders. The hepatic mRNA expression levels of T
helper (Th) 17-type immune-related genes such as interleukin (IL)-6 and
IL-23q19; toll like receptor (TLR) 4 signaling-related gene (IL-1 receptor
associated kinase 2, IRAK2) were significantly increased in responders.
The increases in the expression levels of IL-6 and IRAK2 were dependent on severity of liver injury. On the other hand, the expression levels
of Th17-type immune-related genes such as IL-6 and transforming
growth factor b1; TLR4 were significantly decreased in non-responders.
It was considered from these results that the opposite regulation of
host innate and Th17-type immune response between responder and
non-responder caused apparent individual variability. In addition, the

2532 Dose-Dependent Increase of Triglyceride Levels
in Human HepaRG Liver Cells Exposed to the
Fungicide Cyproconazole

A. Peijnenburg, D. Rijkers, and G. Stoopen. RIKILT Wageningen
University and Research, Wageningen, Netherlands. Sponsor: J.
Louisse.
Cyproconazole is a triazole antifungal which has been associated with
the development of hepatic steatosis, also referred to as fatty liver
disease, in rodents. An Adverse Outcome Pathway (AOP) for steatosis has
recently been proposed and one important Key Event (KE) in this AOP
concerns the accumulation of triglycerides. The present work is part of
a larger effort that aims to explore the usefulness of the human liver cell
line HepaRG as an in vitro system to address various KEs in the steatosis
AOP and to test foodborne chemicals and chemical mixtures for steatogenic properties. In this study, HepaRG cells were exposed for 24 and
72 hours to increasing, non-cytotoxic, concentrations of cyproconazole.
Upon exposure, cells were lysed by sonication and extracted with a
mixture of iso-octane and ethylacetate (75:25) to specifically extract
triglycerides. For further analysis of the fatty acid composition of the
triglycerides, extracts were treated with sodium methoxide and BF3 to
generate fatty acid methyl esters (FAMEs). Triglycerides and FAMEs were
analysed using Gas Chromatography with Flame Ionization Detection
(GC-FID). The results indicated that cyproconazole treatment of HepaRG
cells results in a dose-dependent accumulation of triglycerides. The
effect was strongest after 72 hours of exposure. Accumulation was most
pronounced for C50, C52, and C54 triglycerides containing mainly C16
and C18 fatty acids. This outcome underlines the value of the HepaRG
cell line as a model system for studying toxicant-induced liver steatosis.
Acknowledgement: This work has been funded by the EU project EuroMix
(Grant Agreement 633172; www.euromixproject.eu) and the Dutch Ministry
of Economic Affairs.

2533 FXR Regulates Lipocalin 13: Potential

Mechanism in Regulating Inflammation

L. E. Armstrong1, B. Kong1, J. Shen1, M. Chow2, Y.-H. Lee2, and G.
L. Guo1. 1Rutgers University, Piscataway, NJ; and 2Rutgers-Robert
Wood Johnson Medical School, New Brunswick, NJ.
Farnesoid X Receptor (FXR) regulates bile acid homeostasis, lipid metabolism, and inflammation, pathways dysregulated in the progression of
non-alcoholic fatty liver disease (NAFLD) to non-alcoholic steatohepatitis (NASH). NASH is characterized by macrovesicular steatosis, lobular
inflammation, hepatic ballooning, and/or fibrosis. Release of pro-inflammatory cytokines promotes inflammation and progression of NASH,
but also stimulates the acute phase response (APR). Lipocalins are a
family of small secreted acute phase proteins (APP), and gene expression of several members has been altered in FXR knock-out (FXR KO)
mice. Research in understanding the progression of NASH can identify
risk factors and potential pharmacological therapy. The regulation of
Lcn13 by FXR in vivo was assessed in three mouse studies. First, 1) Wildtype (WT), whole body FXR KO, hepatocyte-specific FXR KO (AFXR KO),
and intestine-specific FXR KO (VFXR KO) mice were treated with FXR
agonist, GW4046, which showed hepatic Lcn13 gene expression was
abrogated in FXR and AFXR KO mice. 2) WT, AFXR KO, and VFXR KO were
fed a high-fat diet (HFD) or isocaloric control diet for 1, 3, and 6 months.
Hepatic Lcn13 expression was abrogated in AFXR KO control and HFD,
compared to WT and VFXR KO mice that had significant increases in
Lcn13 gene expression with HFD-feeding. 3) Lcn13 was over-expressed
in AFXR KO mice on a HFD with AAV-Lcn13 and initial analysis showed
no correlation to fasting serum biochemical markers related to NAFLD/
NASH and liver injury. Lastly, ChIP was performed on WT and FXR KO
livers, and 2 presumed FXRREs 0-5kb upstream of Lcn13 gene have been
identified and showed increased FXR binding. In summary, Lcn13 liver
expression was demonstrated to be liver FXR-dependent. Identifying
a direct mechanism of FXR regulation on Lcn13 expression provides
greater insight into FXR role in anti-inflammation and the progression
of NAFLD to NASH.

2534 Perfluorooctanesulfonic Acid (PFOS) Worsens
Hepatic Steatosis in Mice Fed a High Fat Diet

E. Martell, M. Pfohl, C. Picard, N. DaSilva, M. MacArthur, and A. Slitt.
University of Rhode Island, Kingston, RI.
Perfluorooctanesulfonic acid (PFOS) is part of a class of bio-accumulative
pollutants called perfluoroalkyl substances (PFAS). In mice, PFOS administration has been shown to increase liver weight and induce hepatic
lipid accumulation. Nonalcoholic fatty liver disease (NAFLD) is characterized by excess fat content within the liver. NAFLD is often related to
obesity with treatment being dietary modifications. It was hypothesized
that mice administered PFOS (0.0003% in diet; ~360 μg/kg/day) would
be slightly resistant to weight loss-induced improvement of NAFLD and
more sensitive to high fat diet-induced hepatic steatosis. Mice were fed
a standard chow low fat diet (LFD) or 60% Kcal high fat diet (HFD) for 4
weeks to establish significant body weight increased and glucose intolerance. Mice were then divided into two main groups diet alone or diet
containing 0.0003% PFOS (~360 μg/kg/day). Furthermore, each group
was subdivided into 3 groups: mice fed LFD, mice fed HFD, or mice fed
HFD that were switched to a LFD to mimic the therapeutic switch. The
end study design resulted in a total of 6 treatment groups: i) LFD, ii) HFDLFD, iii) HFD, iv) LFD + PFOS, v) HFD-LFD+PFOS, and vi) HFD+PFOS. For
10 weeks, mice were fed the new diets, and body weights were monitored. Serum lipids levels were measured in fasting blood. mRNA expression was determined by real-time quantitative PCR. HFD feeding for 14
weeks increased body weight, liver weight, white adipose tissue weight,
serum lipids and liver lipids. HFD-LFD mice lost body weight and had
similar tissue weights, serum lipids, and liver lipids as the LFD mice at the
end of the study. PFOS exposure in LFD mice reduced body weight and
overall weight gain, decreased WAT weight, and increased serum triglycerides. PFOS exposure in the HFD-LFD group increased liver weight,
decreased serum cholesterol, and increased free fatty acids. PFOS exposure in the HFD caused less overall weight gain, increased liver weight,
decreased serum cholesterol, and increased liver lipids compared
to HFD controls. Preliminary mRNA expression data shows that PFOS
exposure significantly induced liver sterol regulatory element-binding
transcription factor 1c (SREBF1c) in HFD. PFOS exposure also increased
hepatic IL-6 mRNA expression in all treatment groups. The data suggests
that PFOS exposure acts on lipid metabolism, and exacerbates hepatic
steatosis induced by HFD feeding.

2535 Inhibition of Efferocytosis by Mild
Hepatotoxicants

Q. W. Ngo1, Y. Qu1, M. McMillian1,2,, A. Ananthanarayanan1, N.
Hari Singh1, J. Y. Wong1, C. W. Ng2, and H. Yu2. 1Invitrocue Pte Ltd,
Singapore, Singapore; and 2National University Health System,
Singapore, Singapore. Sponsor: M. Johnson.
Drug-induced liver damage (DILD) is a common reason for the withdrawal of drugs from the market (Lewis, 2015). According to Hy’s Law,
when alanine transaminase (ALT) level and bilirubin levels increases to
more than 3 times upper limits of normal (ULN) levels and to more than
2X ULN respectively, with no underlying cause besides drug exposure, it
results in severe DILD in 10% of Hy’s Law cases. Even though Hy’s Law is
still considered as the golden standard for the indication of DILD (Ozer
et al, 2007), Hy’s Law cases are not without exceptions (Toman, 2002;
Lewis, 2015). In fact, while some drugs cause serum ALT elevations, they
do not induce hepatotoxicity histopathologically. This phenomenon is
termed as “benign ALT elevation”. The derivation of alternative mechanisms to explain benign ALT elevations from drug intake is imperative
to prevent unnecessary withdrawal of promising drug candidates from
the market. Benign ALT elevations caused by drug candidates can be
attributed to its influence on the efferocytic abilities of macrophages
(i.e. Kupffer cells) in the liver. Efferocytosis, facilitated by macrophages,
is an essential process for the resolution of inflammation and maintenance of a healthy liver (Bae et al, 2013). The inhibition of the efferocytic
abilities of macrophages and Kupffer cells will lead to their inability to
remove apoptotic hepatocytes, ultimately allowing apoptotic hepatocytes to become necrotic and release ALT into the environment (Poon
et al, 2014; (Abboud and Kaplowitz, 2007). Through the establishment
of an efferocytosis assay using an in vitro culture model of rat macrophages and apoptotic rat thymocytes, it can be determined if the intake
of drug candidates cause true hepatotoxicity hispathologically or the
presence of serum ALT elevations is simply a phenomenon of benign
ALT elevation.
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3-hydroxy CBZ exposure level was considered to be an important factor
to determine the direction of their regulation. Such individual variability
observed in genetically uniform inbred mice also provides important
insight into the mechanism of individual susceptibility of CBZ-induced
liver injury in humans.

2536 P53 Regulates Progression of Injury and Liver

Regeneration after Acetaminophen Overdose

P. Borude, B. Bhushan, J. Weemhoff, H. Jaeschke, and U. Apte.
University of Kansas Medical Center, Kansas City, KS.
Acetaminophen (APAP) overdose is a leading cause of Acute Liver Failure
(ALF). Studies from our laboratory have shown that liver regeneration
followed by APAP overdose plays a critical role in survival. Incremental
dose model using a regenerating (300 mg/kg, APAP300) and a non-regenerating (600 mg/kg, APAP600) dose of APAP has revealed several
pathways involved in regeneration after APAP overdose. The ingenuity
pathway analysis of microarray data obtained from incremental dose
model predicted significant activation of p53 in APAP600 than APAP300
treated animals. Western blot analysis confirmed the dose dependent
higher activation of p53 in APAP600 as compared to APAP300. Here we
show that p53 plays a critical role in inhibiting progression of injury and
liver regeneration following APAP overdose mediated Acute Liver Injury
(ALI). Liver injury and regeneration were studied in male C57BL6 and
p53KO mice over time course of 0 to 96 hr following treatment with
APAP300. Histology and serum ALT analysis showed similar liver injury
in WT and p53KO mice at 6 and 12 hr however p53KO mice had significantly higher injury at 24 hr after APAP treatment. Liver GSH depletion
and APAP adduct formation was similar in both groups indicating no difference in APAP metabolism after p53 deletion. However, p53KO mice
showed delayed clearance of APAP adducts, sustained JNK activation,
prolonged steatosis and reduced expression of TFAM and mitochondrial
complexes correlating with prolonged liver injury. Sustained activation
of SREBPs a negative target of p53 and downregulation of GAMT (fatty
acid oxidation regulator) a positive target of p53 in p53KO mice correlated with sustained steatosis. Interestingly, despite higher liver injury
p53 KO mice recovered equally to WT mice at 48 and 96 hr after APAP
administration. Western blot analysis of EGFR, ERK and AKT showed
sustained growth factor signaling in p53KO mice than WT mice after
APAP treatment. Liver regeneration determined by PCNA staining and
cell cycle protein expression demonstrated that p53KO mice had rapid
liver regeneration. These data illustrate that p53 prevents progression of
liver injury and also regulates initiation of liver regeneration after APAP
overdose. These studies have revealed a novel role of p53 in regulation
of APAP-induced liver injury and regeneration which may be a crucial
therapeutic target.
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2537 Sparstolonin B Attenuates Liver Fibrosis Induced
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by Cyp2e1 Mediated Redox Toxicity in Obese
Liver

D. Dattaroy3, V. Chandrashekaran3, R. K. Seth3, F. Alhasson3, G.
Michelotti2, D. Fan3, M. Nagarkatti3, P. Nagarkatti3, A. M. Diehl1,
and S. Chatterjee3. 1Duke University, Durham, NC; 2Metabolon Inc,
Durham, NC; and 3University of South Carolina, Columbia, SC.
CYP2E1, cytochrome P450 enzyme-mediated redox toxicity plays an
important role in development of Nonalcoholic steatohepatitis (NASH).
Previous studies from our laboratory and others have shown that
CYP2E1 activation accelerates NASH progression in obesity. However,
there’s no current US FDA approved drug available to treat NASH. Here
we propose an anti-fibrotic activity of a TLR4 antagonist-Sparstolonin B
(SsnB), derived from Chinese herb Sparganium stoloniferum. Here we
hypothesize that SsnB ameliorates redox toxicity-induced inflammation
and fibrosis in NASH liver by inhibiting TLR4 signaling, increasing BAMBI
expression and inducing senescence in fibrogenic cells. Using a chronic
administration regimen of CYP2E1 substrate bromodichloromethane
(BDCM) for 4 weeks in obese mice (DIO) that have steatosis we show
the attenuation of fibrosis by SSnB. Images of picrosirius red stained
and immunohistochemistry for fibronectin in formalin fixed liver sections clearly indicated SsnB administration significantly reduced fibrosis
in DIO+BDCM+SsnB group compared to DIO+BDCM group. SsnB also
increased PTEN activation and upregulated p53,p21 protein expression,
thus attenuated inflammation and uncontrolled fibroblast proliferation.
Interestingly, MDM2 protein expression, a negative regulator of p53
was lowered by SsnB. Experiments on rat primary stellate cells showed
that SsnB stimulates p53, p21 gene expression- markers of cell senescence. SsnB also lowered stellate activation by decreasing alpha SMA
gene expression- in vitro. SsnB has a potential to decrease fibrotic scars
as it upregulates anti-fibrotic matrix metallo protease 2 (MMP2) gene
expression in vitro. TGF beta pseudoreceptor BAMBI gene and protein
expression- a negative regulator of pro-fibrogenic TGF beta signaling,
were increased by SsnB treatment in stellate cells.

2538 Glucosinolate Metabolite Toxicity in Nz Cattle
I. Latimer, and B. Cridge. University of Otago, Dunedin, New
Zealand.
In 2014 in Southland, New Zealand, over 400 dairy cows died and many
more became ill after feeding on swede crops. The causes of this toxicity are as yet unknown but possible candidate compounds include
glucosinolates (including compounds produced by their metabolism in
the body). This group of compounds is found in high levels in brassicas
and can be converted to toxic metabolites during the digestion process.
However, as yet there is no direct evidence that glucosinolates are causally linked to the unexpected deaths. It is also unclear how glucosinolate
degradation compounds could potentially cause toxicity and if this correlates to the hepatotoxic pathology seen in the dairy cows. This investigation used both a cell line (HepG2) and primary cells from cattle to
determine the direct toxicity of 5 glucosinolate metabolites (crambene,
5-pentenitrile, 4-hexenitrile, allyl cyanide and thiirane). Using the MTT
method to determine cell viability, none of the compounds showed any
toxicity in either HepG2 or primary cells at concentrations up to 2mM.
Therefore, it was deemed unlikely that the observed cattle deaths would
be due to a direct toxic effect of any of these compounds. In the second
phase of the study the same five compounds were tested for inhibitory
action against the ABCG2 transporter. As some of the affected cattle
showed symptoms of phototoxicity which can be linked to the accumulation of pheophorbide a, this was a possible secondary toxic effect of
glucosinolate metabolites. Using a commercial ABCG2 vesicle no inhibition was detected at concentrations up to 2mM. Given that inhibitors of
this transporter generally have IC50 values under 10uM, the glucosinolate metabolites investigated were deemed to not act as ABCG2 inhibitors as a toxic mechanism. Studies from here will focus on alternative
metabolites and other possible contaminates of the swede crop.

2539 Spatial Recovery of the Hepatic Lobule Using
Single Cell RNA Sequencing Data

M. Seirup. University of Wisconsin-Madison, Madison, WI. Sponsor:
C. A. Bradfield.
Hepatocytes play a major role in a variety of metabolic processes in
the liver. To perform these functions efficiently, hepatocytes are not
a homogenous cell type, and clear functional differences have been
found between hepatocytes found in the periportal area and those
found in the perivenous area. To gain high resolution insight into the
heterogeneity of the cells found in the liver, we took advantage of single
cell RNA sequencing (scRNA-seq), which allows for the examination of
the transcriptome at a single cell resolution. However, the cells must be
dissociated to perform the scRNA-seq assay, and, in this process, their
spatial information is lost. To address this problem, we isolated and purified hepatocytes from an 8 week old male C57BL/6 mouse. We then performed scRNA-seq experiments on these cells. The sequencing data was
analyzed using a program called WaveCrest to reorder the hepatocytes
along the periportal to perivenous axis of the liver lobule; this reordering
is based on a nearest insertion algorithm which integrates the expression profile from each cell. Based on expression profiles from known
periportal and perivenous marker genes, we were able to estimate the
cells’ spatial orientation in the lobule. Additionally, this method allows
us to identify genes which have different patterns of expression periportally versus perivenously. The predicted order was verified by antibody
staining of paraffin liver sections to validate the expression profiles of
genes found using WaveCrest. Genes from both previously published
marker lists and novel genes were tested. Based on markers for periportal and perivenous areas of the liver lobule, we successfully identified
and ordered hepatocytes along the periportal to perivenous axis of the
liver lobule based on their transcriptomic data from scRNA-seq data.

2540 Aldehyde Dehydrogenase 2 Activation

Decreases Both Necrosis and Fibrosis after Bile
Duct Ligation in Mice

H. J. Wimborne, K. Takemoto, S. C. Klatt, D. C. Rockey, J. J.
Lemasters, and Z. Zhong. Medical University of South Carolina,
Charleston, SC.
Background: Fibrosis results from liver injury and is associated with formation of aldehydes, some of which can be detoxified by mitochondrial aldehyde dehydrogenase-2 (ALDH2). Accordingly, we evaluated
whether the ALDH2 activator, Alda-1 (N-[1,3-benzodioxol-5-ylmethyl]2,6-dichlorobenzamide), decreases liver injury and fibrosis in a cholestatic mouse model. Methods: Male C57Bl/6J mice underwent sham
surgery or bile duct ligation (BDL) and were treated daily with 20 mg/
kg Alda-1 subcutaneously or vehicle (DMSO) before sacrifice at 14
days. Cell injury and fibrosis were assessed by H&E and picrosirius red

2541 Loss of Mrp4 Function Disrupts Lipid

Homeostasis and Impairs Liver Regeneration
following Partial Hepatectomy

G. J. Smith2, K. Flores1, F. Carvalho1, Y. Lee1, J.-Y. Lee1, and J. E.
Manautou1. 1University of Connecticut, Storrs, CT; and 2University
of North Carolina at Chapel Hill, Chapel Hill, NC.
The ATP-binding cassette (ABC) transporter, multidrug resistance
protein 4 (Mrp4) is up-regulated in the liver following exposure to hepatoxicants and plays an important role in the toxic and adaptive response
of the liver to acetaminophen (APAP). Previous studies in our laboratory
show Mrp4 null mice are more susceptible to acetaminophen-induced
liver injury. Because of the low basal hepatic expression of Mrp4, this
finding was surprising and suggestive of a role for Mrp4 in recovery
from tissue injury. Therefore, we hypothesized that Mrp4 plays a role
in other models of compensatory liver regeneration, such as Partial
Hepatectomy (PHx). To test this we performed either a 2/3 PHx or sham
surgery in C57Bl/6J Mrp4 null and wild-type (WT), non-fasted mice. For
analysis, resected portions of the liver were collected during surgery
(t=0) and the remaining liver mass and serum were collected 24, 48, or
72 hours later. Both groups of mice exhibited a transient elevation in
serum alanine aminotransferase (ALT) activity after PHx, but peak ALT
levels (at 24 h) were higher in Mrp4 null mice than WT. Liver-to-body
weight ratio between the genotypes was not different at any time point.
Histological examination (H&E, Oil-Red O) indicated microvesicular steatosis, a well-documented early effect of PHx, in both groups. However,
Mrp4 null mice show a progressively worsening steatosis following PHx
indicated by larger and more prevalent lipid vesicles and greater total
liver triglyceride levels compared to WT mice. In WT mice, indications
of lipid accumulation were no longer present at 48h whereas in Mrp4
null mice lipid accumulation did not resolve in the study duration. Mrp4
null hepatic triglyceride levels were also greater than WT at t=0 (10.5 vs.
4.9 mg/g liver). Taken together, our data demonstrate that hepatic lipid
homeostasis is altered by the absence of Mrp4, and loss of Mrp4 function
impairs liver regeneration following PHx. Other ABC family members
have been found to transport lipids, but a role for Mrp4 in lipid transport
and overall lipid homeostasis has not been reported. Thus, these findings indicate a potentially novel role of Mrp4 as a genetic determinant of
hepatic lipid homeostasis and tissue liver regeneration.

2541b Gene Expression Profiling of Primary Human
Hepatocyte Inter-Individual Variance in
Adaptive Stress Response Activation

S. Huppelschoten2, M. Niemeijer2, W. den Hollander2, A. Baze1, C.
Parmentier1, R. Paules3, L. Richert1, and B. van de Water2. 1Kaly
Cell, Strassbourg, France; 2Leiden University, Leiden, Netherlands;
and 3NIH/NIEHS, Research Triangle Park, NC.
Drug-induced liver injury (DILI) is currently a major issue for the clinic
as well for the pharmaceutical industry since it may lead to liver failure
and withdrawal of drugs from the market. In response to liver cell injury,
adaptive stress pathways are activated which either restore homeostasis or, under severe conditions, initiate cell death. Mapping of the
variance in activation of these stress signaling pathways between different patients could reveal DILI susceptibilities. Here, we performed
a systematic transcriptome analysis using the BioSpyder TempO-Seq
technology, utilizing a modified version of the human Tox21 S1500+
gene set. The transcriptome was interrogated to determine inter-individual variance of drug-induced stress response activation in a panel
of ~50 cryo-preserved primary human hepatocytes (PHHs) derived
from different individuals. Crucial stress response signaling pathway

activation was examined for the oxidative stress pathway using diethyl
maleate treatment, the unfolded protein response using tunicamycin
treatment, DNA damage response using cisplatin treatment, and NFκB
signaling using TNFα treatment. For all compounds, a broad concentration range was used and transcriptome was determined following an 8
hr exposure. Donor gene expression was correlated to the cytotoxicity
response after 24 hours of exposure as determined by LDH leakage. We
determined the variance between individuals in concentration-dependent stress response and corresponding gene network activation. For
each individual, up- and down-regulated critical gene-sets could be
identified and related to their metabolic capacity and background such
as age, gender, disease status and treatment. In conclusion, outlining
the inter-individual variance in drug-induced stress response activation
facilitates the increased understanding of individual susceptibility for
the development of DILI.

2542 Urinary Kidney Toxicity Biomarker Performance
in an Outbred Mouse Population Exposed to
Cisplatin

H. Lin2, J. Tobacyk2, S. Luo2, and A. Harrill2,1,. 1National Toxicology
Program, Durham, NC; and 2University of Arkansas for Medical
Sciences, Little Rock, AR.
Novel kidney injury biomarkers have recently been investigated as a
more sensitive indicator of renal injury as compared to gold standard
markers blood urea nitrogen (BUN) and creatinine. Validation experiments for novel protein and miRNA biomarkers have largely focused on
inbred rodent models and the performance of these biomarkers in heterogeneous populations, such as human patients, is ongoing. However,
standard reference ranges for outbred populations and an assessment
of coordinated changes in biomarkers has been lacking. In this study, we
utilized a highly genetically diverse population, the Diversity Outbred
(DO) mice, to investigate protein and miRNA changes in the urine that
were coincident (or prodromal) to elevations in BUN. Female DO mice
were administered cisplatin (5 mg/kg; N=45) or vehicle (saline; N=45)
via i.p. injection and sacrificed at 72 h. Urine was collected over the 18
h period prior to necropsy (post-dose). B-2-microglobulin (B2M), Renin,
kidney injury molecule(KIM)-1, IP-10, and VEGF were measured in the
urine using Luminex assays and normalized to urine volume. Eighteen
percent of cisplatin-dosed mice experienced a positive elevation in
BUN and there was a significant group response as compared to vehicle
(P<0.05). Significant drug-related elevations were also observed in B2M,
Renin, and IP-10 (P<0.05). Biomarker levels in the vehicle control groups
varied widely, with the lowest min/max fold change observed in B2M
(range 226-30353 pg/ml*18h ml volume) and the highest in IP-10 (range
0.5-6799 pg/ml*18h ml volume). Several mice exhibited elevated urinary
protein biomarker levels in the context of a normal BUN level; however,
the pattern was individualized, with 2 mice experiencing elevated IP-10
alone, 2 with elevated TIMP-1 alone, 1 with Renin alone, and 2 with elevated Renin together with IP-10 and/or TIMP-1. The data suggest that
careful assessment of standard reference ranges in the experimental
system may greatly affect the interpretation of kidney injury panel biomarkers. Furthermore, the study highlights the relative importance of
measuring multiple biomarkers together in a heterogeneous population
in contexts for which the kidney injury pattern may be individualized.

2543 Liver Side Effects of Clinical Drugs Differentiated
in Human Liver Slices

A. E. Vickers1, A. Ulyanov2, and R. L. Fisher3. 1Human Translational
Models LLC, Irvine, CA; 2Inova Translational Medicine Institute,
Fairfax, VA; and 3Vitron Inc, Tucson, AZ.
Drugs associated with liver adverse effects clinically, via diverse mechanisms, are compared to distinguish the safety profile in an ex vivo
3-dimensional multi-cellular human liver slice model. Human liver
tissue was obtained from procurement agencies, according to accepted
medical and ethical standards, as outlined by the Uniform Anatomical
Gift Act. Eight drugs are compared within each of 3 human livers at clinical serum concentrations linked with altered liver function. Each drug
was dosed daily for 3 days and compared to time-matched control slices,
which synthesized and maintained ATP and GSH levels. Time-dependent
differences in the functional markers of oxidative stress, liver slice GSH
and ATP levels (24-72 hr) revealed that some drugs clearly impacted liver
glutathione status and mitochondrial function including: acetaminophen (APAP, 1 mM), methimazole (MMI, 500 μM), and diclofenac (DCF,
1 mM); while other drugs targeted the mitochondria then GSH status:
dantrolene (DTL, 10 μM), cyclosporin A (CSA, 10 μM), and etomoxir (ETM,
100 μM). Both carbamazepine (CBZ 100 μM) and terbinafine (TBF, 100
μM) altered GSH levels and had less effect on ATP levels. Drug induced
gene expression changes following 2 doses were compared to further
characterize drug safety. Genes indicative of mitochondrial energy were
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staining, respectively. Frozen whole liver was used for qPCR. Results:
In BDL mice, biliary infarcts consisting of necrotic hepatocytes with a
predominantly periportal distribution were notable. Biliary infarct area
increased from 0% in sham (n=5) to 7.8% in BDL animals (n=6, p<0.001),
which decreased to 1.9% in Alda-1-treated BDL mice (n=6, p<0.001).
The number of biliary infarcts was not significantly different between
vehicle and Alda-1 treated BDL mice. Picrosirius red staining of sham
livers after 14 days revealed fibrosis in 1.6% of liver area, consistent with
previously published data for normal liver. The fibrosis area increased to
7.3% in BDL animals (p<0.001), which decreased to 3.8% during Alda-1
treatment (p<0.05). No significant differences after BDL were observed
between vehicle and Alda-1 in bile ducts per portal region, bile ducts
per field, portal regions per field and total bile duct cross sectional area
per field. Collagen I mRNA expression increased after BDL by 12-fold
v. sham, which decreased to 6-fold after Alda-1 treatment (p<0.05).
Conclusions: Alda-1 has both anti-necrotic and anti-fibrotic effects after
BDL that are independent of bile duct proliferation. These data raise the
possibility that ALDH2 activation may have beneficial effects in a wide
variety of liver injuries.

affected particularly by APAP, MMI, ETM, and CBZ (6-7.8% of total); while
oxidative stress plus ER stress were altered especially by APAP, DCF,
ETM, TBF, and CSA (27-34%). Gene changes in fatty acid metabolism plus
steatosis/cholestasis represented 33-45% for APAP, ETM, CBZ and DTL.
Drugs that affected regulation (8-13%) genes included TBF, DTL, CSA,
and MMI. Genes indicative of apoptosis were affected more by CSA and
DCF (11-14%); whereas, apoptosis plus necrosis were evident with APAP
and ETM (15%); and each of these drugs decreased ATP levels. Immune
and inflammation genes were altered especially by MMI, DTL, CSA, ETM,
CBZ (10-11%). Hence, activation of steatosis/cholestasis plus immune/
inflammation genes (ETM, DTL, CBZ) or plus apoptosis and necrosis
(APAP, DCF); versus regulation and inflammation/ immune gene
responses (MMI, DTL, CSA) aids to categorize the drugs and severity of
effects. This ex vivo human liver slice model advances multiple dosing,
functional markers of antioxidant status and gene expression to define
drug induced liver side-effects.

for those who finished the therapy. Severe side effects that required
discontinuation of antiviral therapy were a case of severe jaundice with
total bilirubin above 30 mg% after 1 month of treatment and occurrence
of ascites and a case of upper gastrointestinal bleeding by rupture of
oesophageal varices after 5 weeks of therapy. No deaths were recorded.
Minor side effects that did not require discontinuation of therapy
were anemia (18.18%), insomnia (14.39%), dyspeptic disorders, especially nausea (24.24%), itching (9.09%), general phenomena (asthenia,
fatigue) (23.48%). In 2.27% a transient increase in transaminases up to 2
times normal was seen after 4 weeks of treatment and in 1.51% a moderate increase in serum bilirubin level was seen in week 1 of treatment.
Antiviral therapy with ombitasvir, paritaprevir, ritonavir, dasabuvir and
ribavirin in cirrhotic patients with hepatitis C virus infection is a progress especially in the management of this disease, having a maximum
efficacy, reduced duration of treatment, rare side effects, being superior
to standard therapy with Peginterferon and ribavirin, SVR being close to
100%. Severe adverse effects may affect the treatment outcomes due to
vital risk and discontinuation of the therapy.

2544 Identification of a Novel Metformin-

Methylglyoxal Imidazolinone Metabolite
in T2DM Patients and its Potential Roles in
Alleviating T2DM Complications

T. L. Hargraves1,2,, O. R. Kinsky1, T. Anumol1, T. J. Monks2, and
S. S. Lau2. 1University of Arizona, Tucson, AZ; and 2Wayne State
University, Detroit, MI.
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Reactive dicarbonyls, such as methylglyoxal (MG), are elevated in type-2
diabetes mellitus (T2DM) patients. These endogenous electrophiles
covalently modify proteins, which may contribute to diabetic complications. The T2DM first-line therapy, metformin (MF), significantly
reduces diabetic endpoints and mortality more effectively than other
anti-hyperglycemic agents. Based upon its structure, we examined
whether MF directly scavenges MG as an alternative mechanism of drug
efficacy, in addition to its antigluconeogenesis properties. We synthesized and characterized a MF/MG imidazolinone product (IMZ) by 13C,
1H and HMBC NMR, LC-MS/MS and X-ray diffraction. We measured MF
and the IMZ product in human urine using a LC/MS multiple reaction
monitoring (MRM) method. IMZ was detected in >90 MF-treated T2DM
patients, with increased levels of MF directly correlating with elevations in IMZ. Urinary MF was detected in the range of 0.17 μM - 23.0
mM. Simultaneously the IMZ concentration was measured between
18.8 nM and 4.3 μM. Since reported plasma concentrations of MG are
in the range of 40 nM to 4.5 μM, levels of IMZ production may be of
therapeutic significance. Consequently, to assess the role, if any, of IMZ
in metformin drug efficacy, we examined the ability of IMZ to modulate the AMPK, AKT, and ERK1/2 signaling pathways via western blot,
following treatment of PC12 cells with IMZ. Combination treatment
of insulin and IMZ increased the phosphorylation of AMPK, AKT, and
ERK1/2 above levels seen with insulin treatment alone. The results reveal
that IMZ may enhance insulin action in the insulin-dependent AMPK,
AKT, and ERK1/2 pathways. In summary, the concordance of IMZ concentration provides evidence that metformin is scavenging MG, thereby
reducing detrimental protein modifications, which may play a role in
the reduction of diabetic complications. Further, IMZ has the potential
to enhance insulin action, and ongoing research may indicate IMZ has
potential as a therapeutic for treating insulin resistance. (R24DK0090958,
T32ES007091, P30ES006694)

2545 The Assessment of the Therapeutic Efficacy and

Adverse Effects of Antiviral Treatment with
Ombitasvir, Paritaprevir, Ritonavir, Dasabuvir,
and Ribavirin in Cirrhotic Patients with Hepatitis
C Virus Infection Class Child A

A. O. Docea, R. Mitrut, O. Zlatian, D. Calina, O. Rogoveanu, E. Gofita,
and P. Mitrut. University of Medicine and Pharmacy, Craiova,
Romania. Sponsor: D. Sarigiannis.
The aim of this study is to evaluate the therapeutic efficacy and adverse
effects of the treatment with ombitasvir, paritaprevir, ritonavir, dasabuvir
and ribavirin in cirrhotic patients with hepatitis C virus infection class
Child A. We investigated 132 cirrhotic patients with hepatitis C virus
infection class Child A treated with ombitasvir, paritaprevir, ritonavir,
dasabuvir and ribavirin and monitored in a Clinical between November
2015 and August 2016. The patients were evaluated complete clinically
and biologically according to EASL protocol. The duration of the therapy
was between 12 and 24 weeks according to the viral genotype, and the
therapeutic efficacy was evaluated by virological response at the end of
the therapy and sustained virological response (SVR) at 12 weeks after
treatment completion. The viral genotype 1b was found in 99.24% of
cases and the viral genotype 1a in 0.76% of cases. 98.48% complete the
therapy and 1.52% prematurely discontinued the therapy due to severe
side effects. SVR at 12 weeks after treatment completion was 99.23%

2546 Enhancement of RNA from Formalin-Fixed
Paraffin-Embedded (FFPE) Samples

S. Hester5, L. Wehmas5, C. Yauk2, M. Roy4, M. M. Gosink4, D. A.
Dalmas1, T. Hill III3, and C. E. Wood5. 1GlaxoSmithKline, King
of Prussia, PA; 2Health Canada, Ottawa, QC, Canada; 3ORISE,
Durham, NC; 4Pfizer Drug Safety R&D, Groton, CT; and 5US EPA,
Research Triangle Park, NC.
Low RNA yield and quality are important issues when using FFPE
samples for genomic analyses. We evaluated methods to “demodify”
FFPE RNA highly fragmented and cross-linked by fixation. Primary endpoints were RNA recovery, RNA-Sequencing quality metrics, and target
gene counts in response to a reference chemical (phenobarbital, PB).
Frozen (FROZ) mouse liver samples from control and PB groups (n=6/
group) were divided and preserved as follows: (1) FROZ only; (2) 70%
ethanol (ETOH) for 3 months; (3) 10% buffered formalin for 18 hours
followed by ETOH for 3 months, and (4) 10% buffered formalin for 3
months. Samples from Groups 2-4 were then processed to FFPE blocks
and sectioned for RNA isolation. Group 4 samples received no demodification treatment (4A), 0.5hr 70°C incubation with TAE (4B), overnight
65°C incubation with an organocatalyst using Qiagen (4C) or Purelink
(4D) isolation kits, or an overnight 65°C incubation without an organocatalyst (4E). RNA was ribodepleted and sequenced using the Illumina
HiSeq platform to at least 25 million reads/sample. RNA yields in FFPE
Groups 2, 3, and 4A were 18-37% of those in FROZ samples. Overnight
incubation +/- organocatalyst improved RNA yields by >3-fold compared to no incubation (Group 4A). No group differences were observed
for RNA-Seq reads (28-39 million/sample) or read alignment (76-92%).
Genome coverage was higher in Group 1 (12%) compared to Group 4A
(3%) but returned to 13-16% with overnight incubation (Groups 4C-4E).
Among PB-treated samples, fold-changes of the marker gene Cyp2b10
were 56% less in the no-DEMOD FFPE group (4A) versus FROZ (1). In
DEMOD groups (4B-4E) there was an 18-34% increase in fold change
response compared to no-DEMOD FFPE group (4A). These findings highlight methods to improve FFPE RNA yield and sequencing results. This
abstract does not reflect US EPA policy.

2547 Seizure Liability Assessments Using the

Hippocampal Brain Slice: A Comparison of
Multiple Preclinical Species

M. V. Accardi2, H. Huang2, E. Troncy2, R. Forster1, and S. Authier2.
1CiToxLAB France, Evreux, France; and 2CiToxLAB North America,
Laval, QC, Canada.
Hippocampal brain slices can be used as an in vitro assay to characterize
adverse CNS effects, such as seizure liabilities, early in the drug development process. Traditionally, this assay has relied upon the rat hippocampal slice which sometimes possesses limited translational value.
Species differences are also often noted during in vivo seizure liability
assessments and therefore drug safety testing would benefit from an
early ranking of the various animal models. Methodology: Coronal
hippocampal brain slices were isolated from various preclinical animal
models (e.g., rat, minipig, dog, nonhuman primate). Population spikes
(PS) were evoked, in the presence of pro- (e.g. Pentylenetetrazol, 4-aminopyridine, cefazolin) or anticonvulsant (e.g. diazepam) agents, through
Schaffer collateral pathway stimulation using conventional in vitro electrophysiological techniques. The pro- and anticonvulsant effects of the
test agents were assessed through changes in various PS parameters
including PS area, PS number, peak amplitude and conduction time.
Results: All preclinical animal hippocampal slices displayed a concentration-dependent increase or decrease in PS parameters in the presence of
the tested pro- or anticonvulsant agents - in good agreement with pre-

2548 Targeting RUNX2 Transcription Factor to Inhibit
Breast Cancer Proliferation

O. Adebowale. Claflin University, Orangeburg, SC. Sponsor: T.
Burns.
Great strides have been made in the prognosis of early stage breast
cancer (BC) but more aggressive metastatic cancers remain resistant
to treatment. The RUNX2 transcription factor regulates the expression
of oncogenes such as the matrix metalloproteinase, MMP13, through
all stages of BC, increases metastasis, and is found at high levels in the
more aggressive cancer types. Computer Assisted Drug Design (CADD)
was used to find compounds that would inhibit RUNX2:DNA binding
and transcriptional activity. CADD522 was shown to inhibit RUNX2:DNA
binding and decrease the expression of RUNX2 downstream genes.
The aim of this study is to find the most effective analog out of those
with at least 89% affinity to the lead CADD522 compound, in inhibiting
proliferation and colony formation in MCF7 (ER+/PR+/HER2-) luminal
and MDA231 triple negative BC(TNBC) cell lines. Cell proliferation
assays show that some of the CADD522 analogs inhibit the proliferative
and clonogenic ability of MCF7 cells. They also indicate that the more
aggressive cancer types (TNBC), although responsive, still have a greater
resistance to the drugs. These results provide important information
regarding the structural components of Analog 6 or CADD751, the
analog with the most favorable therapeutic index. Based on the inhibitory effect of CADD751 on MCF7 cell proliferation, defining the transcriptional regulation of RUNX2 downstream genes would be necessary.

2549 Gamma Tocopherol Supplementation Inhibits

LPS-Induced Inflammatory Responses in PBMCs

C. Duran, A. Burbank, K. Mills, D. Peden, and M. Hernandez.
University of North Carolina at Chapel Hill, Chapel Hill, NC.
Allergic airway inflammation can be further exacerbated by exposure to
environmental pollutants such as endotoxin (LPS). Previous work from
our laboratory suggests that γ-tocopherol (gT), the primary dietary form
of Vitamin E, possesses an array of anti-inflammatory properties that
may have therapeutic potential against LPS-induced airway inflammation. Here we assess the feasibility of using a short course of gT supplementation in healthy adults to reduce LPS-induced inflammation using
an ex vivo LPS challenge model. Subjects received 3 doses of 1400 mg
over 12 hours of gT. Peripheral blood mononuclear cells (PBMCs) were
collected pre- and post- gT supplementation, and subsequently challenged with 10ng/mL LPS. LPS-induced changes in cytokine secretion
were measured via ELISA, and differences in inflammatory gene expression were determined with an immunology gene expression array from
Nanostring technologies. Statistically significant differences in cytokine
levels and gene expression levels were determined by paired t-test
and Wilcoxon signed rank test respectively. Supplementation with gT
significantly inhibited production of IL-1β (285 pg/mL ± 95.6 vs. 186
pg/mL ± 191; p=0.002) and IL-6 (4310 ± 1771 vs. 3112 pg/mL ±1590;
p=0.04). IL-6, IL-1β, and PTSG2 were identified as genes most highly
impacted by gT supplementation. There was a significant reduction in
the fold change in LPS-induced expression of IL-6 (224.6 ± 190 vs. 71.15
± 49.57; p=0.047), and a modest reduction in expression of IL-1β (312.1
± 203.1 vs. 171.4 ± 150.5; p=0.11) and PTGS2 (108.7 ± 79.52 vs. 55.95 ±
50.82; p=0.07). Interestingly, gT significantly decreased relative baseline
expression of STAT-4, a transcription factor implicated in the regulation
of inflammation, as determined by qRT-PCR (1.31 ± 0.34 vs. 0.82 ± 0.28;
p=0.016). Taken together, these data suggest that a short course of gT
supplementation is sufficient to reduce LPS-induced inflammation in an
ex vivo LPS challenge model, and that gT may transcriptionally regulate
these responses. These results support future clinical trials examining
the utility of gT in preventing airway inflammation induced by pollutants such as LPS.

2550 Human Fc Receptor Expression in Immune
Humanized Mice

K. Semple, and K. Howard. US FDA, Silver Spring, MD. Sponsor: J.
Weaver.
Preclinical safety evaluation of therapeutic antibodies is challenging due
to species differences in Fc receptors (FcRs) which mediate immunoglobulin-dependent effector functions. It is well-known that while nonhuman primates may share drug target receptors, there are differences
in the repertoire of FcRs. The ability to accurately assess the effector
functions of therapeutic antibodies and predict toxicity in vivo is limited
by FcR differences. Immune-compromised mice with a functional
engrafted human immune system represent a promising model to
assess the effector function and potential adverse effects of therapeutic
antibodies. Hence, the goal of this study was to determine the phenotypic expression of human FcRs on leukocytes of immune-humanized
mice. Our model utilizes NOD.Cg-Prkdcscid Il2rgtm1Sug/JicTac (NOG)
and NOG/hGM-CSF/hIL-3 mice that are implanted with human thymus
and liver tissue underneath the renal capsule. We ablate the bone
marrow via chemotherapeutics and administer CD34+ hematopoietic
stem cells intravenously following surgery. The resulting mice develop a
fully engrafted human immune system in which T-cells have been educated from human thymus. At least six months following surgery, leukocytes were isolated from peripheral blood, bone marrow, spleen, liver,
lung and broncolalveolar lavage. Flow cytometry was used to determine
the phenotypic expression of human FcRs on macrophages, monocytes,
neutrophils and B- and T-lymphocytes. Results show that macrophages,
monocytes and neutrophils express human FcgRI, FcgRII and FcgRIII,
while B-lymphocytes express human FcgRII. T-lymphocytes had low
level expression of human FcgRI, FcgRII and FcgRIII. The phenotypic
expression of these human Fc receptors in immune-humanized mice
is similar to the published expression levels in humans. These findings
suggest that the immune-humanized mice may be an important tool to
more accurately assess the effector functions and safety of therapeutic
antibodies in preclinical and post-marketing phases of development.

2551 Characterization of an In Vitro Cell Model for

Investigating Non-Specific Uptake Mediated
Hematotoxicity of ADCs

P. K. S. Mahalingaiah, R. Ciurlionis, T. L. Palenski, K. Barnhart, E. A.
Blomme, and T. R. Van Vleet. AbbVie, North Chicago, IL.
Antibody-drug conjugates (ADCs) are emerging novel anticancer chemotherapeutics designed for more selective delivery of highly cytotoxic
agents to cancer cells. However, non-specific uptakemediated toxicity of
ADCs in normal cells has been reported in multiple pre-clinical and clinical studies. Hematotoxicity commonly affecting myeloid (neutrophils)
and/or megakaryocytic (platelets) lineage cells are the most common
dose limiting toxicities for multiple ADCs. There are currently no good
in vitro cell models to investigate the lineage specific hematotoxicity
potential of ADCs at different stages during hematopoiesis. Hence in
this study, we characterized a microplate based liquid in vitro culture
model using human bone marrow derived CD34+ hematopoietic stem/
progenitor cells. Differentiation of CD34+ cells in to myeloid, erythroid
and megakaryocytic lineages in media supplemented with lineage specific cytokine cocktails were confirmed by morphology changes using
cytospin preparations, and immune-phenotyping for lineage specific
markers using flow cytometry at different time intervals (Day 7 and Day
14). In addition, differential expression of receptors potentially involved
in non-specific ADC uptake, such as Fc gamma receptors (FcgRI, FcgRII,
FcgRIIIa, FcgRIIIb), neonatal Fc receptor (FcRn), and mannose receptors
(MRC1 and MRC2), were also evaluated at different stages of differentiation at both the transcript (RT-PCR) and protein level (Flow-cytometry).
The results of RT-PCR and flow cytometry analyses revealed variable
levels of receptor expression depending on the lineage and differentiation stages of hematopoietic cells. In general, FcgRII expression was
highest in all three cell lineages. Interestingly expression of MRC1 was
relatively higher than MRC2 in myeloid and erythroid lineages. The
results of this study showing differential expression of major non-specific uptake receptors in hematopoietic lineages at different stages of
differentiation under in vitro conditions are useful in predicting and
investigating hematotoxicity associated with non-specific uptake of
ADCs.
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viously published in vivo and in vitro data. Interestingly, each preclinical
animal model displayed nuanced and distinct differences with respect
to their sensitivity to each test agent. For instance, dogs appear to be
quite sensitive, compared to all other preclinical animals, to all pro-convulsant agents in terms of the PS parameters assessed. Conversely, rat
tissue tended to exhibited greater concentration-dependent changes in
PS morphology (e.g. generation of multiple population spikes) whereas
NHP (and to a lesser extend minipig) tissue displayed greater PS area
changes to higher pro-convulsant concentrations. Minipigs appeared
to be quite resistant to the effects of some pro-convulsant agents when
compared to the other preclinical animal models. Discussion: Our results
suggest the nuanced differences between hippocampal slices isolated
from different preclinical animal models should influence the design of
non-clinical seizure liability studies and their associated data interpretation. Hippocampal brain slices from multiple preclinical animal models
can be a valuable approach to complement seizure risk assessment.

2552 Therapeutic Antibody-Triggered Acute

Thrombocytopenia Due to Species-Limited
Off-Targeting to Platelet Integrin αIIbβ3 in
Cynomolgus Monkeys

J. Sun1, Y. Zhang3, L. Gong1, Q. Li3, W. Wan3, H. Wang2, H. Jiang2,
Y. Liu1, Z. Li2, M. Tan1, H. Jiang1, and J. Ren1. 1Chinese Academy of
Sciences, Shanghai, China; 2Shanghai Jiaotong University School
of Medicine, Shanghai, China; and 3University of Chinese Academy
of Sciences, Beijing, China.
We have reported cynomolgus monkey-specific acute thrombocytopenia induced by a therapeutic monoclonal antibody CH12(against
EGFRvIII), and found elder cynomolgus monkeys were more resistant
to such toxicity. An age-related proteomics analysis was thereafter
conducted via comparing differences of platelet membrane proteins
between 3-year old and 5-year old cynomolgus monkeys. Three proteins
with characteristics of platelet activation and expression reduction in
elder monkeys were selected for further blocking tests. Pre-incubation
of integrin αIIbβ3 antagonist eptifibatide inhibited the binding of CH12
to the platelets of cynomolgus monkeys in vitro. In contrast, both P2Y
receptor antagonist PPADs and Fc receptor blocking reagent could not
block the related binding, indicating that the binding of CH12 to cynomolgus monkey platelets might be mediated through integrin αIIbβ3.
Finally, the 3D structure models of integrin αIIbβ3 were constructed and
compared between cynomolgus monkey, human and rat. It was found
that differences in the191-193th amino acids of the protein primary
sequences resulted in a unique 3D conformational structure in cynomolgus monkey, which may contribute to the preclinical species-limited
off-target toxicity.

2553 Modeling Cytokine Release Syndrome Using
Immune Humanized Mice

H. Yan, K. Semple, C. Gonzalez, and K. Howard. US FDA/CDR, Silver
Spring, MD. Sponsor: J. Weaver.
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Cytokine release syndrome (CRS) is a rare but serious and potentially
life-threatening complication associated with biological drug products.
CRS represents an exaggerated immune response involving the release
of inflammatory mediators and a recruitment and activation of immune
cells. As one example, six healthy volunteers who received TGN1412,
an anti-CD28 monoclonal antibody that stimulated T cells, experienced
near fatal reactions and had abnormally high concentrations of many
cytokines after a single dose. Pre-clinical testing in vitro and with in vivo
studies using non-human primates failed to predict CRS. In order to
determine if a humanized mouse model with a fully engrafted human
immune system could predict cytokine release syndrome we tested
muromonab, an anti-CD3 antibody with a black box warning for CRS.
Saline and adalimumab, an anti-tumor necrosis factor-alpha antibody
not reported to cause CRS, served as controls. Methyprenisolone was
given to some animals prior to treatment to determine if a common
anti-inflammatory drug could prevent or mitigate CRS. We evaluated
immune cell activation and cytokine expression in three independent
experiments. Data were combined for analysis. For each experiment,
mice were divided into four to six mice per treatment group with
subsets of mice bled 1, 2, 4, 8, 12, 24 and 48 hours. Animals were euthanized at 24, 48, 128 or 140 hours post-treatment with blood, spleen,
and bone marrow collected. We used flow cytometry to assess immune
activation and a custom 10-plex cytokine assay to assess levels of TNF-α,
IFN-γ, IL-2, IL-6, IL-8, IL-10, IL-13, IL-17A, IL12/23p40, and GM-CSF. Similar
to TGN1412’s behavior in humans, significant increases in levels of all
ten human cytokines were identified in mice treated with muromonab.
Pretreatment with methyprenisolone blunted cytokine levels and
decreased T cell activation. As expected, T cell depletion was observed
in muromonab treated groups and increased T cell activation, identified
with CD25, CD45RO, and CD69, was also noted. Control groups did not
demonstrate loss of T-cells or increases in cytokine levels. These results
demonstrate that immune humanized mice can demonstrate CRS when
it is expected and may represent a model to identify CRS in pre-clinical
testing.

2554 Tramadol-Related Mortalities in a Referral
Center between 2006 and 2015

H. Hassanian-Moghaddam, N. Zamani, and S. Kamali. Shahid
Behesti University of Medical Sciences, Tehran, Iran, Islamic
Republic of. Sponsor: H. Hassanian-Moghaddam.
We aimed to investigate the causes and trend of tramadol mortality
in 10 years in a large medical toxicology referral center. In a cross-sectional retrospective study, files of the patients who had been referred to
our tertiary poisoning hospital between 2006 and 2015 and died were
evaluated. Of them, the patients who had died solely due to tramadol
overdose were recruited. Causes of death and trend of tramadol toxicity during the study years were retrospectively evaluated. Tramadol
was the sole agent involved in 39 dead cases during the study period.
Deceased patients were mostly young men (90%) with a mean age of
32 years old and no previous history of drug overdose (89%). Their act
was mostly deliberate (51%) to commit suicide using an average dose of
3350 mg. Most patients were admitted in coma state (22; 56%) although
nine patients (23%) were fully awake on admission. Seizure was experienced by 36% of the patients before presentation while six seized again
after admission, in two of whom seizures were recurrent. Respiratory
acidosis was the main laboratory finding with a mean pH of 7.17 (±0.2)
and a pCo2 of 57±2.2 on presentation. Eight patients (almost 21%) had
the history of apnea before hospital presentation. Mean time of arrest
was about 10.5 hours post admission and the arrest was mainly respiratory. Mean hospitalization period was three days. BUN and creatinine
were the only lab tests that significantly differed between the admission
time and just before death (Ps=0.01). Cause of death was determined to
be cardiac complications (including ST elevated MI) in three, neurologic
complications (including intracranial hemorrhages) in 9, possible sepsis
in four, and respiratory arrest in the remainder although it could not be
determined by autopsy evaluations. Death was unexpected in almost all
patients except for six who had an episode of cardiorespiratory resuscitation before admission. Trend of deaths due to tramadol toxicity during
the study period is shown in the table. Mortality raised from one in 2006
to 8 in 2007, 3 in 2008, 5 in 2009, 2 in 2010, 3 in 2011, 3 in 2012, 3 in 2013,
5 in 2014 and 6 in 2015. Abuse liability and opioid characteristics of tramadol may play an important role in increasing mortality in these young
adults. Raising knowledge and education by health care providers and
media may be necessary and is highly recommended.

2555 The Protocol of Choice for Treatment of Snake
Bite

H. Hassanian-Moghaddam2, N. Zamani2, A. Mohammad Alizadeh2,
M. Rahimi2, M. Mashayekhian2, B. Hashemi Domeneh2, P.
Erfantalab1, and A. Ostadi3. 1Iran University of Medical Sciences,
Tehran, Iran, Islamic Republic of; 2Shahid Behesti University of
Medical Sciences, Tehran, Iran, Islamic Republic of; and 3Tabriz
University of Medical Sciences, Tehran, Iran, Islamic Republic of.
Sponsor: H. Hassanian-Moghaddam.
Different protocols exist that advise different methods of antivenum
administration in snake-bitten patients. Interestingly, these protocols
are so far different from each other even in the severity determination
and antivenin treatment.The aim of the current study is to compare
these methods of treatment of snake bite to determine the most efficient
one. To unify the protocol of snake bite treatment in our center, we retrospectively reviewed files of the snake-bitten patients who had referred
to us between 2010 and 2014. They were contacted for follow-up using
phone calls. Demographic and on-arrival characteristics, protocol used
for treatment (WHO/Haddad/GF), and outcome/complications were
evaluated. Patients were entered into one of the protocol groups and
compared. Of a total of 63 patients, 56 (89%) were male. Five, 19, and
28 patients were managed by Haddad, WHO, or GF protocols, respectively, Eleven patients had been fallen into both GF and WHO protocols
and were excluded. The most common site of snake bite was fingers
(24; 46%) and the most common sign/symptom on presentation was
swelling (51; 98%). Complications including serum sickness, deformity,
compartment syndrome needing fasciotomy, amputation, necrosis, and
neuropathy were detected in 10 (19.2%), 7 (13.5%), 4 (7.7%), 2 (3.8%), 2
(3.85), and 1 (1.9%) patients, respectively. Serum sickness was significantly more common when WHO protocol was used while 100% of the
compartment syndromes and 71% of deformities had been reported
after GF protocol. The most important complications were considered to
be deformity, compartment syndrome, and amputation and were more
frequent after use of WHO and GF protocols (23.1% versus 76.9%; none
in Haddad; P=NS). Haddad protocol seems the best for treatment of
snake-bitten patients in our region. However, this cannot be strictly concluded because of the limited sample size and not significant P values.

2556 The Effects of Gender Difference on Tartrazine

2558 The Enterotoxic Activity of Sarcocystis Fayeri

A. F. Ali, S. S. AbdEl-Gayed, A. M. Bakeer, and O. S. El-Tawil. Cairo
University, Giza, Egypt.

A. Yamazaki, and Y. Kamata. Iwate University, Morioka, Japan.
Sponsor: Y. Sugita-Konishi.

The present study aimed to investigate the gender difference effects
on tartrazine toxicity in rats. Two experiments were performed, the first
experiment aimed to evaluate the subchronic toxicity of tartrazine at
dose of 200mg/kg for sixty days on male and female rats. The animals
were divided into four groups. Group one served as non-treated control
males, Group two non-treated control females. Groups three and four
are tartrazine treated males and females respectively. The second experiment was designed to assess the role of gender difference on tartrazine toxicity. Male rats were castrated and the female rats were ovariohysterectomized to remove the effects of sex hormones. The animals
in second experiment were divided into four groups. The first group
(Group five) served as castrated control males, Group six served as ovariohysterectomized control females, Group seven castrated treated males
and Group eight ovariohysterectomized treated females. Body weights
were recorded weekly and the whole blood, serum and tissue samples
were collected at 2, 4, 6, and 8 weeks for hematological and biochemical analysis. Reduced glutathione (GSH), lipid peroxidation byproducts
(MDA) and superoxide dismutase (SOD) activities were measured in the
liver tissue as indicator for oxidative stress. Histopathological studies of
brain, liver, kidneys, stomach, testis, and ovaries were performed. The
genotoxic effect was assessed by analysis the DNA damage by comet
assay. All treated groups showed increase in the levels of biochemical
parameters (AST, ALT, total protein, urea, and uric acid) but these levels
were more significant in treated female groups. The results of oxidative
stress parameters indicate reduction in GSH, SOD in all treated groups.
MDA results indicate increase in the tartrazine treated groups. Multiple
pathological lesions developed in brain, liver, and kidney but there were
more sever in female treated groups. Tartrazine has genotoxic effect
which was more significant in female treated groups. In conclusion,
Tartrazine has toxic effects on male and female rats. The toxic effects of
tartrazine were pronounced in female compared to male rats. Female
hormones could play a significant role in tartrazine toxicity.

Genus Sarcocystis is a protozoa which has two-host life cycle. Herbivores
are main intermediary hosts, and genus Sarcocystis forms sarcocysts
in their muscle tissue. Sarcocystosis has been known as a problem of
economic loss in cattle, but nowadays it is also known as a causative
factor of food poisoning. The symptom of Sarcocystic food poisoning
is mainly gastroenteritidis, but neurologic manifestation is also found.
Among them, S. fayeri is identified as a causative pathogen of food poisoning by eating raw horse meat, but the pathogenic causing mechanism is not yet investigated in details. In this study, we fractionated
a protein of 15 kDa molecular mass from the cysts homogenates of S.
fayeri by gel filtration chromatography, and found its toxic possibility by
a rabbit illeal loop test and intravenous administration in rabbits. Then
we tried to examine its function in more detail. First, we determined
an amino acid sequence of the 15 kDa size protein by reversed phase
high performance liquid chromatography (HPLC), and identified it as an
actin depolymerizing factor (ADF). Then we synthesized a recombinant
S. fayeri ADF protein by an E. coli protein expression system. It showed
an enterotoxic activity in the rabbit illeal loop test with 200 μg injection
into a loop, but didn’t cause any damages on viability of L929, RAW264,
and Caco-2 cells in a cytotoxicity test. But when the culture supernatant
of RAW264 macrophage cells which is treated with the recombinant
ADF protein for 24 hours was added into the medium for L929 fibroblast cells, the viability of the L929 cells was remarkably reduced after
24 hours of culture. In this study, we confirmed the enterotoxic activity
of S. fayeri ADF in vivo test, but not direct cytotoxic activity in vitro. But
from the fact that the culture supernatant of macrophage cells reduced
fibroblast cells viability, S. fayeri ADF can be expected to have an indirect
cytotoxicity.

2557 Ochratoxin A Decreases Epithelial Barrier

Function and Reduces Claudin Expression

M. R. Martínez-Larrañaga, A. Romero, I. Ares, E. Ramos, M. Martínez,
A. Anadón, and M. A. Martínez. Universidad Complutense de
Madrid, Madrid, Spain.
Ochratoxin A (OTA) is a mycotoxin that is a common contaminant of
cereals and animal feed. In vivo, the effects of OTA on the intestine have
been demonstrated to include rapid inflammation, acute diarrhea, and
increased bacterial translocation. All of these effects are consistent with
increased permeability of the intestine. The gut barrier is formed to a
large extent by tight junctions. These are multiprotein complexes that
link adjacent epithelial cells near their apical border. Tight junction
complexes include occludin and one or more claudin isoforms. In this
study, using the intestinal cell line Caco-2, we have demonstrated that
OTA alters the permeability of the epithelium by a mechanism involving
reduction of specific claudin isoform expression. We evaluated the
effects of OTA on (i) trans-epithelial electrical resistance (TEER) and (ii)
expression of tight junction proteins occludin, claudin-3 and claudin-4.
Moreover potential protective effect of the mineral clay illite on the intestinal dysfunction induced by this mycotoxin was also examined. Our
results showed that OTA decreases the TEER of human intestinal cells
in a time dependent manner which could reflect an increase in paracellular permeability. Mycotoxin OTA resulted in a concentration-dependent decrease in mRNA expression values for claudin-3, claudin-4 and
occludin. Our data indicated a reduction in claudin-3 expression levels
of 40 %, 60 %, 80 % and 85 %, a reduction of claudin-4 expression levels
of 30 %, 70 %, 73 % and 87 %, and a reduction of occludin expression
levels of 30 %, 70 %, 70 % and 80 % for cells treated with 1, 3, 10 and
30 μM OTA, respectively. The inhibitory action of OTA (1 and 3 μM) on
claudin-3 and claudin-4 expression levels, and the inhibitory action of
OTA (1 μM) on occludin expression levels were totally reversed by the
co-treatment with illite (0.1 mg/mL). These results may help to explain,
at a molecular level, some of the in vivo effects of this mycotoxin on the
intestine. The clay illite was able to restoring the integrity of the epithelial barrier altered by OTA through the tight junctions. Studies using
animal models are also currently under way to further evaluate and
expand on these findings. This work was supported in part by fund from
Argiletz Laboratoire (Lizy-sur-Ourcq, France) and by Project Ref. S2013/ABI2728 (ALIBIRD-CM Program) from Comunidad de Madrid, Spain.

Actin Depolymerizing Factor

2559 Identification, Curation, and Prioritization of
Food-Use Chemicals in ToxCast

M. Krishan2, T. D. Trautman3, D. F. Kapraun5, L. A. Fix4, and A.
Karmaus1. 1ILS, Research Triangle Park, NC; 2ILSI North America,
Washington, DC; 3Retired, General Mills, Minneapolis, MN;
4Unilever, Englewood Cliffs, NJ; and 5US EPA, Research Triangle
Park, NC.
Evaluating chemicals that are directly added to or come in contact
with food poses a challenge due to the time, cost, and data necessary
to conduct comprehensive toxicological testing. This study compiled a
list of food-use chemicals in the United States (U.S.) and demonstrates
approaches amenable to the evaluation of this large and diverse chemical inventory. 8,659 unique food-use chemicals were compiled from 8
public sources and mined against the ToxCast in vitro high-throughput
screening inventory to identify 1,530 food-use chemicals with in vitro
assay data. Each of these chemicals was then manually evaluated for
current registration status and categorized based on exposure likelihood from food in the U.S. into four categories: direct food additive,
indirect additive, pesticide/residue, or non-food. 319 chemicals were
categorized as non-food and removed from the list, leaving 556 direct
additives, 339 indirect additives, and 406 pesticides/residues. The cytotoxicity elicited by the curated list of food-use chemicals in ToxCast
revealed that only 10% of direct additives elicited cytotoxicity, while 24%
of indirect additives and 41% of pesticides/residues were cytotoxic. To
prioritize chemical mixtures, we used frequent itemset mining (FIM) to
identify which individual chemicals or combination of chemicals appear
with the greatest frequency in the U.S. Food and Drug Administration’s
Effective Food Contact Substances (EFCS) database. The EFCS database
comprises 978 registrations, containing 715 unique chemicals; in total,
189 of the registrations contain mixtures of ≥2 chemicals and 110 registrations contain≥3 chemicals, up to a maximum of one registration containing 9 chemicals. The FIM approach identified acetic acid, hydrogen
peroxide, and peracetic acid as the most abundant co-occurring chemicals in EFCS registrations, each occurring in 42 (or 4.3%) of 978 registrations. The combination of peracetic acid and hydrogen peroxide
occurred most frequently, appearing in 40 (or 21%) of the 189 registered
mixtures. The current inventory and analysis of ToxCast cytotoxicity and
EFCS mixture prioritization represent the first evaluation of food-use
chemicals and provides insight into this overlooked but critical chemical
inventory. This work does not reflect US EPA policy.
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Toxicity in Rats

2560 Multi-Mycotoxin Analysis in Fish Tissues by
UPLC-QTOF Mass Spectrometry

J. Tolosa, M.-J. Ruiz, G. Font, J. Mañes, and E. Ferrer. University of
Valencia, Valencia, Spain.
Mycotoxins are secondary metabolites of fungal origin which are contaminating food mainly of plant origin. Feed intended for different
animal species include in its composition raw materials susceptible of
fungal contamination suchas cereals and other energy-protein plant
sources (Nizza& Piccolo, 2009).The contaminated feed with mycotoxinsimplies that they could be present in animal tissues. Some previous
studies have showed the presence of mycotoxins and their metabolites
in animal products such as milk, eggs and meat (Jestoi et al., 2007;Zhao
et al., 2015). In this work a new multi-mycotoxin method has been
applied for the determination of these contaminants in Atlantic salmon
(Salmo salar). The multi-residue analysis for the determination of 233
mycotoxins has been carried out byultra performance liquid chromatography coupled to time of flight (TOF) mass detector (UPLC-QTOF).
Fourtyone out of 233 mycotoxins was detected in fish commercial
analized samples. Among the most abundant mycotoxins detected in
samples, some of them belong to commonly contaminants found in
cereal based foodstuffs and also in animal by-products, such as deepoxy-deoxynivalenol, enniatins (ENA, ENA1, ENB and ENB1, ENB2), and
fusaproliferin.Neverthless, other mycotoxinswhithless reportedoccurrence in foodstuffs were detected mainly anisomycin, cytochalasin J,
mycophenolic acid, ophiobolin A and B, rugulosin and penicillic acid.
Taking into account the large number of population consuming fish
and that literature is scarce on mycotoxin contamination in fish and
fish-products,thus entering the food chainfurther research is recommended in order to assess the risk exposure associated to the consumption of fish.

2561 Methylglyoxal Influences Development and
Lifespan in Caenorhabditis elegans

J. Wang2, Y. Yue2, P. Shen2, K.-H. Kim1, and Y. Park2. 1Purdue
University, West Lafayette, IN; and 2University of Massachusetts
Amherst, Amherst, MA.
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Methylglyoxal, a highly reactive dicarbonyl compound, is a byproduct
of glycolysis, and the major precursor in the formation of advanced
glycation end products (AGEs). Methylglyoxal is also found naturally in
honey with anti-bacterial effect. Adverse effects of methylglyoxal have
been reported, such as diabetes, atherosclerosis, neurodegenerative
disorders and other age-related diseases. However, the role of methylglyoxal in development and lifespan is not known. Thus, this study
was to determine the role of methylglyoxal in development and aging
using Caenorhabditis elegans. Treatment of methylglyoxal at 100 μM and
1 mM for 2 days significantly inhibited development of C. elegans to
adulthood, reduced pumping rate (food intake), and resulted in reduced
worm size and length. Activity, measured by locomotive speed, was
increased with 100 μM methylglyoxal, but reduced with 1 mM methylglyoxal. Lifespan of C. elegans under normal growth conditions was not
influenced by methylglyoxal at 100 μM, but shortened at 1 mM. Lifespan
during oxidative stress condition was significantly increased with methylglyoxal at 100 μM, but shortened at 1 mM. These results suggest that
methylglyoxal may have significant implication on development and
lifespan of C. elegans and its effect may depend on concentrations.

2562 Alternative Approach in the Safety Assessment
of Plant-Based Proteins for Use as Novel
Ingredients in Food

K. Finch, S. Tafazoli, T. Jonaitis, and A. R. Lobach. Intertek Scientific
& Regulatory Consultancy, Mississauga, ON, Canada.
When assessing the safety of a novel ingredient for use in food, the traditional approach involves comparing the no-observed-adverse-effect
levels from standard animal toxicology studies to expected intake to
determine if there is an appropriate margin of safety. However, the traditional approach is not always feasible for novel food proteins due to
limitations associated with achieving sufficient safety margins in animal
studies as a result of nutritional rather than toxicological effects. Tiered
assessment strategies have previously been developed and used to
evaluate the safety of residual proteins resulting from their use in genetically-modified food crops. Similar to this methodology, an alternative
2-tiered approach is proposed to assess the safety of proteins inherently present in plants that are intended for use as novel ingredients
in food. In the first tier assessment, a weight-of-evidence approach is
used to evaluate the safety of the protein taking into consideration the
following criteria: (1) The protein is purified with a defined composition
and amino acid sequence that has not been altered as a result of the

production process and is devoid of any potential hazardous impurities; (2) The protein is not structurally or functionally related to known
allergens, toxins, anti-nutritional factors, or pharmacologically active
proteins, based on amino acid sequence homology; (3) The protein is
readily digested in validated in vitro digestive tests; and (4) There is a
history of safe use of the novel protein or related proteins in foods. In the
following, each component will be detailed and strategies to address
the safety criteria will be proposed. Once all components of the Tier 1
analysis are addressed, the totality of the evidence would need to be
reviewed to determine whether this approach is suitable to establish
safety at the intended levels of consumption. Following this evaluation,
if any of the components of the Tier 1 analysis raises a significant safety
concern (i.e., ‘red flag’), Tier 2 studies would be needed, which include
traditional toxicological studies (e.g., 90-day studies). Overall, this
2-tiered approach utilizes the core principles of well-established tiered
assessment strategies and provides an alternative method to assess
the safety of plant-based proteins, particularly when traditional safety
studies may not be feasible.

2563 Trends in Total Aflatoxins Concentrations

in Domestic and Import Corn and Peanut
Compliance and Surveillance Samples Collected
and Analyzed by the US FDA 2010 to 2014

B. Flannery, A. Adeuya, and D. Smegal. US FDA, College Park, MD.
Aflatoxins are carcinogenic mycotoxins that can be found in certain
food commodities such as peanuts and corn. To monitor and protect
the United States’ food supply, the U.S. Food and Drug Administration
(US FDA) collects and analyzes hundreds of domestic and imported food
samples each year for aflatoxin contamination. US FDA district offices
collect samples, and the samples are analyzed by US FDA field laboratories for total aflatoxins (B1+B2+G1+G2) using a validated method.
We performed statistical analyses using total aflatoxins concentration
data from five years (2010-2014) of US FDA sampling efforts of corn and
peanut products. Products were sampled through compliance monitoring and planned surveys that were not statistically representative of
the lots. Results showed between 2010 and 2014 the maximum yearly
total aflatoxins concentrations ranged from 21 to 202 ppb for domestic
samples and 200 to 548 ppb for import samples. The annual average
total aflatoxins concentrations of the positive samples ranged from 1.0
to 15 ppb and 13 to 53 ppb for domestic and import samples, respectively. The highest total aflatoxins concentration for each year was in
corn products (domestic) and in peanut products (imports). Total aflatoxins levels in more than 95% of domestic and 87% of import corn and
peanut samples were below the US FDA Action Level for total aflatoxins
of 20 ppb. The results of this study indicate that the prevalence of total
aflatoxins in these commodities was low and that further investigation
into the trends in aflatoxin contamination suggested by these data
would be useful.

2564 Epigallocatechin-3-Gallate Reduces Fat

Accumulation in Caenorhabditis elegans via
aak-2 Mediated Mechanism

J. Liu, Y. Yue, P. Shen, and Y. Park. University of Massachusetts,
Amherst, MA.
Epigallocatechin gallate (EGCG), also known as epigallocatechin-3-gallate, is a polyphenol that abundant in tea. It has been previously
reported that consumption of EGCG can contribute to weight loss by
increasing metabolic rate and promoting fat utilization in humans.
However, the underlying mechanism is not fully understood. Thus, we
used Caenorhabditis elegans to determine the role of EGCG in fat accumulation. C. elegans is a free-living nematode model used for obesity
research due to its relatively short lifespan and well-known genetic
pathways. Treatment of EGCG at 100 and 200μM for 2 days to C. elegans
resulted in a 12-22% reduction of total fat compared to control wildtype (N2) nematodes. aak-2 in C. elegans is a homolog of the catalytic α
subunit of AMP-activated protein kinases (AMPKs) in mammals. Further
testing EGCG in aak-2 deficient mutant resulted in no significant effect
on fat accumulation over control. These results suggest that EGCG
reduced overall fat accumulation in C. elegans and this is dependent on
the aak-2 gene, a homolog of AMPK.

by Lactic Acid Bacteria in MRS Medium against
Mycotoxigenic Fungi

C. Luz, F. Saladino, J. M. Quiles, M.-J. Ruiz, M. Fernández-Franzón,
and G. Meca. Laboratory of Food Chemistry and Toxicology,
Faculty of Pharmacy, University of Valencia, Av. Vicent Andrés
Estellés s/n, Valencia, Spain. Sponsor: G. Font.
Bioconservation is a biotechnological application that promotes shelf
life extension and food safety using microorganisms or their metabolic
products. It is a strategy to reduce food spoilage caused by mycotoxigenic fungi, which represents one of the main problems in food security.
In this study, 11 lactic acid bacteria (LAB) strains were tested for antifungal activity against food micotoxigenic moulds: Aspergillus parasiticus
CECT 2681 (aflatoxin producer), Penicillium expansum CECT 2278 (patulin
producer), and Fusarium verticillioides CECT 2987 (fumonisin producer).
LABs were grown on MRS broth during 48 hours at 37ºC in anaerobic
conditions. After that, the cell free supernatant (CFS) were concentrated
by lyophilization, filtered and tested for the antifungal properties using
the Kirby-Bauer assay (antibiogram method). Antimicrobial activity of
CFS of an overnight culture treated with pancreatin was also evaluated. Presumptive antifungal active compounds were extracted using
QuEChERS methodology and identified by high performance liquid
chromatography coupled to mass spectrometry in tandem (LC-MS/MS).
Seven of the eleven strains tested produced growth inhibition of the
three fungi. No significant difference was observed between antifungal
activity of CFS before and after treatment with pancreatin. Fifteen phenolic acids were detected. They were produced by only 3 of the 7 active
LAB strains. The most produced antifungal compound by LABs was
phenyllactic acid with a mean concentration of 77.5 mg/L.

2566 Non-Targeted Serum Metabolic Profiling of

Children with Elevated Cholesterol Consuming
Navy Bean and Rice Bran: A Randomized
Controlled Trial

K. J. Li1, E. C. Borresen1, N. Pucetti2, G. J. Luckasen2, and E. P. Ryan1.
1Colorado State University, Fort Collins, CO; and 2University of
Colorado Health Research – Northern Region, Loveland, CO.
Introduction: Hypercholesterolemia in childhood has been linked to the
development of cardiovascular disease (CVD) later in life. It is suggested
that consumption of legumes such as navy beans (NB), and whole grains
such as rice bran (RB), contributes to lowering cholesterol levels through
modulation of host lipid and bile acid metabolism. This trial was conducted to understand the differences in the suite of serum metabolites
in children after 4 weeks of consuming NB and/or RB in the diet and
compared to a control group. Methods: Children aged 8-13 years old
(n=50) with elevated cholesterol were enrolled in a pilot, randomized
controlled dietary intervention study (NCT01911390). Participants consumed muffins or a smoothie daily with no NB or RB (control, 0g), NB
(17.5g), RB (15g), or a combination of NB (9g) and RB (8g) for 4 weeks.
Fasting blood samples were collected at baseline and week 4 and serum
was sent to Metabolon (Durham, NC) for global metabolic profiling
via ultra-performance liquid-chromatography tandem mass spectroscopy (UPLC-MS/MS). Results: The inclusion of NB and RB into the diet
increased phytochemical and fiber intakes in this cohort. The analysis of
serum metabolites revealed significant modulatory effects by NB and/or
RB consumption. Significant increases were observed in lipids, vitamins/
cofactors, and xenobiotics at week 4 compared to the control group
and/or baseline (metabolite ratio ≥1.0; p≤0.05). Compounds in serum
that were also found in foods included 6-oxopiperidine-2-carboxylate,
trigonelline, 4-vinylphenol sulfate, and N-methylpipecholate in the
NB group, and 2-hydroxydecanoate and pyridoxal in the RB group. A
metabolic pathway set enrichment score showed 28 increased and 10
decreased metabolites following dietary intervention with the combination of NB/RB compared to the control group. Conclusions: These results
show that the consumption of NB and/or RB modulates the serum
metabolite profile in children with elevated cholesterol, especially in
lipid metabolites and vitamins/cofactors. Longer-term dietary investigations are warranted with these foods given the opportunity for NB and/
or RB to reduce risk for CVD and other chronic diseases.

2567 Assessment of the Effects of Cooking on

Cylindrospermopsin Concentration in Muscle of
Fish (Oreochromis niloticus)

A. Jos, R. Guzmán-Guillén, S. Maisanaba, A. I. Prieto-Ortega, M. E.
Soria-Díaz, and A. M. Cameán. University of Sevilla, Sevilla, Spain.
Sponsor: G. Font.
Cyanotoxins, such as Cylindrospermopsin (CYN), are increasingly perceived as a global water-quality issue growing in scope and persistence.
CYN is a highly active alkaloid and has hepatotoxic, general cytotoxic
and neurotoxic effects, being able to accumulate in a wide range of
aquatic animals destined for human consumption, representing a
serious problem. Most evaluations of the risk associated with ingestion
of seafood products are performed on the uncooked food. However, fish
is normally processed and/or cooked before consumption, and these
practices can alter the concentration of CYN available in food. The aim
of this work was to study the influence of different cooking processes
(boiling, microwaving, broiling and steaming) for 1 or 2 min, on the CYN
concentration in muscle of fish (Oreochromis niloticus) contaminated
under laboratory conditions. Moreover, waters in which samples were
boiled and steamed were also analyzed. CYN was extracted and quantified by UPLC-MS/MS, LOD was 1.6 ng/g and 0.36 µg/L, and LOQ was 3.4
ng/g and 0.40 µg/L in muscle and water, respectively. Good linearities
and recoveries (90-106%) were obtained. The results show that concentrations of CYN in fish after cooking are dependent on the cooking
method, being the steaming and boiling treatments for 2 min the most
effective in reducing CYN levels (26% and 18%, respectively), and significant differences have been found between the two periods assayed
for all treatments (1 min vs. 2 min), except for microwaving. CYN was
also detected in waters in which fish muscles were cooked in a range
of 0.10-0.28 µg/L. The present findings emphasize the need for further
studies to evaluate the influence of cooking in the presence of CYN in
fish for a real risk evaluation on the human health. Acknowledgments:
Ministerio de Economía y Competitividad of Spain (AGL2015-64558-R,
MINECO/FEDER, UE).

2568 The Enterotoxicity Analysis of Sarcocystis
Parasitized in Wild Deer in Japan

A. Yamazaki, A. Nagasawa, and Y. Kamata. Iwate University,
Morioka, Japan. Sponsor: Y. Sugita-Konishi.
Genus Sarcocystis is a protozoa which has been known to cause severe
economic loss in cattle, but nowadays it also be known as a causative
factor of food poisoning. The symptom of sarcocystic food poisoning
is mainly gastroenteritidis, but neurologic manifestation is also found.
Genus Sarcocystis has two host species in its life cycle. Herbivores are
main intermediate hosts, and Sarcocystis forms sarcocysts in their
muscle tissue. Infection in human occurs by eating the infected cattle
meat. In Japan, S. fayeri has caused food poising cases by eating raw
horse meat sashimi in 2011, and a similar sarcocystic food poisoning
case occurred by eating raw venison sashimi in 2013. The pathogenic
causing mechanism of sarocystic food poisoning is not known in detail,
but we found that actin depolymerizing factor (ADF) is a candidate
pathogenic protein from S. fayeri infected in horse meat in our previous
study. In the present study, we tried to determine pathogenic activity
of deer parasitic Sarcocystis spp. (S. tarandi, S. elongata, S. pilosa, S. spp.)
First, we isolated sarcocyts from deer muscle tissue sampled in Japan.
After destruction by bio-masher II, released bradyzoites were injected
into a ileal loop of mouse with dosages of 1.0 x 104 /loop and 1.0 x
106 /loop. Only 1.0 x 106 injected loop showed predominant swelling
with 0.13 fluid accumulation (FA) ratio, while 0.01 FA ratio on negative
control. Neither bleeding nor inflammation was shown mucosal surface
of loop. That indicates that the bradyzoites of Sarcocystis spp. parasitized in deer has non-inflammatory and non-hemorrhagic enterotoxicity
against mouse and the toxic dose is 1.0 x 106 /loop. According to the
previous study concerning with enterotoxic ADF protein of S. fayeri, we
analysed ADF protein of deer parasitic Sarcocystis spp. Extracted RNA
from the isolated deer S. spp. bradyzoite was reverse-transcripted into
cDNA. After polymerase chain reaction (PCR), ADF gene of deer S. spp.
(354 bp) was amplified. The DNA sequencing showed that deer S. spp.
ADF gene has 93.7 % homology with S. fayeri ADF gene. The deduced
protein sequence of deer S. spp. ADF (118 aa) showed 96.6 % identity
with S. fayeri ADF. It can be expected that the ADF of deer Sarcocystis
spp. also has enterotoxic effect same as S. fayeri ADF.
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2565 Antifungal Activity of Phenolic Acids Produced

2569 The Dynamics of Gut Microbiome in Response
to Long-Term Treatment with Green Tea
Polyphenols in Rats

J. Wang2, L. Tang2, T. C. Glenn2, C.-L. Shen1, and J.-S. Wang2. 1Texas
Tech University Health Science Center, Lubbock, TX; and 2University
of Georgia, Athens, GA.
Green tea polyphenols (GTPs), natural components from leaves of
Camellia sinensis, have been shown to have beneficial effects on weight
management, bone health, and many chronic diseases. Recent advancement in the field of microbiome has spurred interests in delineating the
interactions between gut microbiota and potential probiotics or prebiotics. GTPs are of particular interests because of its low bioavailability
and possible metabolism by gut bacteria. The objective of this study was
to assess the dynamics of the gut microbiota during long-term treatment
with GTPs in a rat model. Female ovariectomized Sprague Dawley rats (3
months old) were randomly allocated into three dosing groups: control,
0.5% or 1.5% GTP (weight/volume) in distilled water, and sacrificed after
treatment for 3 months or 6 months to obtain intestinal contents from
mid-gut for integrated microbiome analyses, using both 16S rRNA gene
sequencing and whole-genome shotgun sequencing analysis. It was
found that the bio-diversities of gut microbial community were consistently decreased by GTPs in a dose-dependent manner at both time
points, which echoed the observed modifying effects of GTPs on the
microbial community structures. However, no significant difference was
observed in either bio-diversity or community structure among samples
from 3 months and 6 months in the same dosing group, suggesting
3 months of treatment were sufficient to induce effects in gut microbiota. Analyses of microbial species abundances across different dosing
groups showed that GTPs consistently (as seen in both time points) and
significantly decreased several potential pathogenic bacteria, such as
families Peptostreptococcaceae, Paraprevotellaceae, and some mucin utilizers. Several genera from family Lachnospiraceae, which was previously
suggested to produce short chain fatty acid (SCFA), were significantly
increased by GTPs. Functional genomic analysis showed a consistent
increase of a gene ortholog identified as NADH Flavin oxidoreductase
and NADH oxidase while increasing GTPs doses, which corroborated the
increase of Lachnospiraceae (SCFA producers). These results suggested
that gut microbiota may play an important role in the beneficial effects
of GTPs. The modes of actions may be achieved by stimulating SCFA
production and depressing pathogenic microorganisms.
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2571 Food-Derived Advanced Glycation End

Products Induce an Inflammatory Response in
Macrophage-Like Cells: Implications for Human
Health?

T. van der Lugt1, A. R. Weseler1, A. Opperhuizen1,2,, and A. Bast1.

1Maastricht University, Maastricht, Netherlands; and 2Netherlands

Food and Consumer Safety Authority (NVWA), Utrecht,
Netherlands. Sponsor: A. Opperhuizen.

Advanced glycation end-products (AGEs) are formed by the reaction of
sugars with proteins. Protein- and sugar-rich food products have been
identified to contain considerable amounts of AGEs, especially when
they are processed at high temperatures. The impact of a regular consumption of AGE-rich food products on human health is not yet clear.
The few clinical studies available in literature show inconsistent data
regarding the inflammatory potential of dietary AGEs and the results
of experimental studies are questioned for being caused by endotoxin.
Recently, we investigated whether food-derived AGEs elicit an inflammatory response in human innate immune cells. AGEs were produced
by heating casein from bovine milk, D-glucose and α-lactose in proportions of milk powder in a phosphate buffer at 100°C for up to 120
minutes to form glycated casein. AGE-formation was monitored by fluoroscopy and presence of endotoxin was assessed by the PYROGENT
Gel Clot LAL assay. THP-1 monocytes (ATCC, TIB-202) were differentiated into macrophage-like cells and exposed to different concentrations
of glycated casein with or without anti-carboxymethyl lysine (CML)
antibody. Cytotoxic effects were assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) tetrazolium reduction
assay. The release of tumor necrosis factor (TNF)-alpha was measured
by ELISA. Increase in AGE-specific fluorescence during cooking revealed
the formation of AGEs. All glycated casein and control samples did not
contain endotoxin concentrations > 0.06 EU/ml. The glycated casein
concentrations used for the cell exposures did not cause any cytotoxicity, but elevated dose-dependently TNF-alpha secretion from macrophages. This effect was decreased by the addition of CML-antibodies.
These findings indicate that food-derived AGEs directly stimulate the
inflammatory response of human innate immune cells. The relevance of
such findings for humans is hampered by a lack of data on the bioavailability of food-derived AGEs which has been reported to range between
2 and 60 %. Therefore, more research is needed to elucidate the bioavailability and inflammatory potential of dietary AGEs in order to define
the risk of a regular consumption of AGE-rich food products on human
health.
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2570 Inactivation of Pathogenic Bacteria on Media

Containing Fruit Juices and Spices Using Radiant
Catalytic Ionization

A. T. Babel2, B. L. Benjamin2, M. Sweeney2, R. Clark2, A. Ryan2, O.
Afolabi2, D. E. Fulford2, C. Steele2, C. Sommers3, C. Mackay1, and
W. J. Mackay2. 1Duquesne University, Pittsburgh, PA; 2Edinboro
University of Pennsylvania, Edinboro, PA; and 3Food Safety
Intervention Technologies Research Unit, Wyndmoor, PA.
Food-borne illnesses are exceedingly prevalent and are an unremitting
issue. The World Health Organization (WHO) estimates that 2 billion
people worldwide are affected by food-borne illnesses yearly. In order
to combat this problem, new sanitizing techniques have emerged in
recent years and are being extensively used in a multitude of places
to decontaminate contact surfaces. By generating activated oxygen
species such as hydrogen peroxide, superoxide anion, hydroxyl radical,
and ozone, Radiant Catalytic Ionization (RCI) has come to the forefront
of potential solutions for this issue with its countless applications for
reducing the number of bacteria. Previous research has shown that RCI
causes a 90% killing of food-borne pathogens during a 30-minute exposure. The focus of this study is the examination of the effects of RCI on
Salmonella typhimurium and Staphylococcus aureus grown on different
types of media, to simulate common food products. The media that
were used for this study include Tryptic Soy Agar (TSA) and TSA infused
with ground turmeric, ground cinnamon, garlic powder, or ginger root.
The results of both the apple juice and the carrot juice plates indicated
a 99.9% killing of both S. typhimurium and S. aureus in 3 hours. The
spices, all of which are natural antimicrobial agents (African Journal of
Biochemistry Research, 4, 172-173), were chosen to explore the possibilities of a synergistic effect between the spices and the food product in
the presence of RCI.

2572 Metabolomic Analysis on Gut-Microbiota

Functional Metabolites of F344 Rats Exposed to
Aflatoxin B1

J. Zhou, J. Wang, L. Tang, and J.-S. Wang. University of Georgia,
Athens, GA.
Aflatoxin B1 (AFB1) is the most potent mycotoxin produced by Aspergillus
flavus and A. parasiticus. It was classified by International Agency for
Research on Cancer as a Group 1 group human carcinogen and in-depth
understanding on their carcinogenic mechanism has been gained.
However, little is known about how AFB1 plays roles in growth stunting
in children and human immune function in pathogenesis of infectious
diseases. The linkage of human diseases with gut microbiota and their
metabolites has recently been unveiled. Environmental toxicants have
been shown to both influence compositions of gut microbiota and their
metabolic profiling. In this study, Male F344 rats were randomly dosed
by 0, 5, 25, and 75 mg AFB1/kg body weight (B.W.) in a duration of 5
weeks. Feces were daily collected and pooled by week for each group.
Short chain fatty acids (SCFAs) were measured in samples from week 2 to
week 4, via 2-nitrophenylhydrazine (2-NPH) derivatization. Metabolomic
analysis was conducted on fecal samples of the 4th week, using an Ultra
Performance Liquid Chromatography (UPLC) work station equipped
with Diode Array and Fluorescence detections. The applied channels
theoretically cover most gut metabolites, such as organic acids, ketones,
amines and aromatic compounds. After peak filtering, a library of 335
metabolites were compiled. A group of 111 metabolites were detected
in all samples and thus defined as common group. By statistical analysis,
the following findings were noted: 1) a remarkable proportion change
of gut functional metabolites can be induced by 28 day sub-acute AFB1
exposure at a low dose of 5 µg AFB1/kg B.W.; 2) acute AFB1 exposure of 5
days can reduce over 70% SCFA levels in feces, which may have obvious
negative impact on host metabolic health; 3) core responding metabolites showed hierarchical clusters and inter-cluster correlations, which
hints interactions of different metabolic pathways; 4) AFB1-responding
metabolites exhibited both linear and quadratic dose-response, a com-

2573 PGE2/EP2/β-catenin Signaling Regulates PatulinInduced Intestinal Cell Proliferation

N. Singh2,1,, M. Bansal2,1,, S. Pal2,1,, and K. M. Ansari2. 1Academy of
Scientific and Innovative Research, Chennai, India; and 2CSIRIndian Institute of Toxicology Research, Lucknow, India.
Patulin, a secondary metabolite of fungi, is a natural contaminant of
fruits and fruit juices. Patulin is known to cause glutathione depletion,
oxidative DNA damage and enhanced cell proliferation. Surveillance
studies have reported significantly high concentration of patulin in
various commercially available juices and food stuffs. Few in vitro studies
have indicated that patulin can increase intestinal epithelial permeability; modulate tight junction and decreases transepithelial electrical
resistance. However, no study has evaluated the mechanisms responsible for patulin-induced intestinal toxicity as well as its relevance to
in vivo situation. Here, normal rat intestinal epithelial cells (IEC-6) were
exposed to non-toxic concentrations (100 nM, 250 nM and 500 nM) of
patulin for various time intervals. Patulin exposure caused enhanced
IEC-6 cells proliferation. Moreover, patulin exposure lead to higher
expression of COX-2, secretion of prostaglandin E2 (PGE2) as well
as higher expression of prostanoid EP2 receptor. In addition, we also
observed that patulin exposure caused enhanced Akt expression, which
in turn inhibit GSK-3β and stabilize β-catenin. Increased activation of
TCF/LEF transcription factor, expression of cyclin D1 and c-myc were
also seen after patulin exposure. Furthermore, to see the physiological
relevance of in vitro findings to in vivo situation, Wistar rats were orally
treated with 100 µg/kg b. wt. of patulin either alone or with 100 mg/kg
b. wt. of celecoxib for 3 days. PGE2 level estimation in serum and intestinal tissue, histopathological and immunohistochemical analysis for
COX-2, cyclin D1 and β-catenin were performed. Significantly high level
of PGE2 in serum and intestinal tissue of patulin exposed rats was seen
when compared with control and celecoxib treated groups. Similarly,
high expression of COX-2, cyclin D1 and β-catenin were observed in
patulin exposed groups. Thus, based on our in vitro and in vivo studies,
we can suggest that patulin exposure may lead to intestinal cell proliferation via COX2/PGE2/EP2/β-catenin signaling cascade.

2575 An Alternative Approach to Conducting a Food

Safety Assessment for an Anesthetic Drug Used
in Fishery Management

Y. Guo, K. Greenlees, T. Zhou, and K. Ekelman. US FDA, Rockville,
MD.
We present here a case study illustrating an alternative approach to evaluating the human food safety. In this study, we concluded that if it could
be demonstrated that the human consumption of the fish sedated by
US fishery professionals is infrequent or rare, then an acute reference
dose (ARfD) approach would address the human food safety concern for
the anesthetic drug. To analyze the probability of consuming sedated
fish, various scenarios of fish being sedated in the US to support fishery
management (in freshwater and marine environments, separately) were
evaluated. The following main factors were considered: 1) the species
likely to be treated by the fishery professionals, 2) capture methods and
efficiencies, and 3) recapture rates for tagged fish by anglers. Specific
active or passive capture methods and fishing gear and equipment were
found directly linked to the capture efficiency, which ranges from 0.18
% to 14 %. The (tagged) fish recapture rate ranged from 0.6 % to 22
%. Differences between the capture and recapture efficiencies in the
near-shore zone marine environment and inland freshwater environment were considered to be negligible. Given the ratios of sedated
fish, recaptured fish, and fish harvested at immediate-release, we concluded the probability of consuming immediately released sedated fish
is very small. A worst-case exposure scenario was identified as salmon
returning in the Pacific Northwest because of the interplay of research
on the salmon population estimated by closely monitoring the return of
salmonids through fishways over dams and the fish centered diet in the
local Native Americans. We performed a conservative assessment using
a quantitative probabilistic approach for this worst-case scenario, and
estimated a maximal possibility of seven days of consuming sedated fish
in one year for the tribal members. Our analysis also indicated 86.4% of
the tribal members would never eat a sedated fish in a year. The above
assessments support the use of an ARfD approach. Using publicly available toxicology information, an ARfD of 2 mg/kg bw was determined for
a candidate anesthetic drug. Thus, an anesthetic drug candidate with an
assigned ARfD subsequently supports the approval of the immediate
release fish sedative, which can be efficiently used by fishery professionals in the US water bodies.

2576 An Exposure and Toxicokinetic Assessment of
Cadmium and Lead in Chocolate

2574 Comparison of Ergot Alkaloid Chemotypes from
Claviceps Sclerotia on Kentucky Bluegrass and
Perennial Ryegrass Seed

J. M. Duringer1, J. K. Dung1, S. Aldermann2, P. B. Hamm1, and
A. M. Craig1. 1Oregon State University, Corvallis, OR; and 2US
Department of Agriculture, Corvallis, OR.
Grass seed is an agricultural commodity grown for use in residential
landscapes, as turf on sports fields, and erosion control. Ergot is a seed
replacement disease whereby Claviceps fungi invade the seed head
to replace it with a black sclerotium, decreasing seed yield by 5-10%.
In addition, the fungus produces a variety of ergot alkaloids that have
varying vasoconstrictive potential which can negatively impact livestock
production, thereby decreasing the safety, value and usefulness of grass
products intended for livestock feed. The objective of this study was to
compare the ergot alkaloid profile of sclerotia produced in Kentucky
bluegrass and perennial ryegrass plant hosts. A pool of Claviceps sclerotia were collected from eight Kentucky bluegrass and 39 perennial
ryegrass commercially grown seed lots. Alkaloid analysis was then determined by LC-MS/MS. Of the seven ergopeptides, their epimers and five
ergoline alkaloids evaluated, α-ergocryptine (531 µg/g, 32.0%), ergocornine (494 µg/g, 29.8%), ergocristine (312 µg/g, 18.8%) and ergotamine (273 µg/g, 16.5%) and their epimers were dominant in Kentucky
bluegrass, whereas ergotamine (679 µg/g, 38.8%), ergocryptine (505
µg/g, 28.9%) and ergocornine (360 µg/g, 20.6%) and their epimers were
highest in perennial ryegrass. Each plant species produced a similar total
of 1658 and 1750 µg/g ergot alkaloids, respectively. In terms of vasoconstrictive potential, ergotamine>ergocristine=ergocornine>α-ergocryptine which has implications for livestock managers in selecting grass
species for pasture seeding and in purchasing feed that may be prone
to Claviceps contamination. Further, establishing ergot alkaloid chemotypes will provide important epidemiological information to plant
pathologists as they assist seed growers in managing ergot infestations
in various grass species.

M. M. Abramson2, A. D. Monnot3, B. E. Tvermoes1, W. E. Dennis4,
and M. S. Madejczyk4. 1Cardno ChemRisk, Boulder, CO; 2Cardno
ChemRisk, Pittsburgh, PA; 3Cardno ChemRisk, San Francisco, CA;
and 4US Army Center for Environmental Health Research, Fort
Detrick, MD.
Recently, concerns have been raised regarding the possible health
impacts associated with low level exposures of metals in products such
as chocolate, wine, and apple juice. For example, published consumer
reports and peer-reviewed literature have identified measurable levels
of cadmium (Cd) and lead (Pb) in chocolate-containing products. In this
study, three dark chocolate bars identified in public reports as having
higher Cd and Pb levels relative to other chocolate bars were purchased
from major US retailers and tested for Cd and Pb. Cd content ranged
from 0.11 - 0.67 µg/g. Pb content ranged from 0.028 - 0.041 µg/g; this
level is below the US FDA recommended maximum Pb level of 0.1
ppm (µg/g) in candy. Given the magnitude of background and dietary
exposures to Cd and Pb in the general population, it is important to
understand the toxicokinetics of these metals at low exposures in order
to fully evaluate potential health risks from these products. Chocolate
intake was estimated for adults as one chocolate bar (42 g/day) and for
children (2 - 13 years) as 4.8 g/day, based on NHANES data. For childhood Pb exposures, the US EPA’s IEUBK model was used to predict blood
Pb levels (BLLs); default background exposure values from the guidance
document were used. For adult Pb exposures, the O’Flaherty physiologically-based pharmacokinetic (PBPK) model was used to predict BLLs;
background exposure parameters were adjusted to match NHANES BLLs
for adults, i.e. 1.2 µg/dL. BLLs resulting from chocolate exposure did not
exceed regulatory guidance values. For Cd, the Kjellström-NordbergDiamond PBPK model was utilized to predict Cd urine concentrations
and Cd kidney concentrations for both children and adults. Modeled Cd
levels were compared to reported toxicologically significant biomarker
levels and to modeled oral intake guidance values. Resulting Cd concentrations were below these thresholds. Our findings indicated that simply
reporting the Cd or Pb content of a chocolate product is not sufficient
to evaluate health risk; the health risks of Cd and Pb in chocolate and
other food products should be evaluated in the context of estimated
background exposures using predictive biokinetic models. The views
expressed are those of the authors and do not constitute endorsement
by the US Army.
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plexity that may be caused by gut microbiota phylogenetic shift upon
AFB1 exposure; 5) The reduction of SCFA level by AFB1 dosing co-occurred with increase of eight strains in Firmicutes clostridiales. Taken
together, current study has uncovered the adverse modulation effects
of AFB1 on rat gut microbiota-host metabolism.

2577 Flow Cytometry-Based Method for Rapid
Detection and Enumeration of Listeria

Y. Xue2, J. G. Wilkes2, A. J. Williams2, P. Alusta2, A. M. Paredes2, T.
J. Moskal1, W. M. Cooper2, W. B. Mattes2, and D. A. Buzatu2. 1Life
Sciences Consultant, Jonesboro, AR; and 2US FDA/NCTR, Jefferson,
AR.
Outbreaks of Foodborne pathogen Listeria has caused several food
products recalls and clinical diseases in recent years. To monitor Listeria
in foods and perform traceback during outbreaks, US FDA, CDC and
USDA use pulsed field gel electrophoresis (PFGE), PCR, and genome
wide sequencing (GWS). These methods are expensive, require long
time to results (TTR), and cannot enumerate Listeria in samples. We
developed a flow cytometer based method (RAPID-B) that can quickly
detect and enumerate Listeria species using a 16S rRNA targeting fluorescence-labeled oligonucleotide probe. The analytical procedure can
assay 24-48 samples simultaneously and be completed within 5 hours.
The method has been optimized using the best probe sequences, NaCl
concentration in hybridization buffer, ethanol concentration for fixation,
etc. Scanning electron microscope (SEM) clearly shows the structural
changes of Listeria cell walls after fixation and permeabilization, which
allow probes to get into the cells. During inclusivity and exclusivity
testing, 8 Listeria species were positively identified and 38 non-Listeria
bacteria gave negative results. The method can enumerate as low as 10
cells/100 µl and the counting is comparable to that of the RAPID-B total
plate count (TPC) assay and standard agar plate count.

2578 Dietary Glycotoxins Promote Prostate
Tumorigenesis Through Inducing
Immunotoxicity

Y. Chen, and T. L. Guo. University of Georgia, Athens, GA.
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Prostate cancer is among the top diagnosed cancers for men in the U.S.
and other Western countries, but not in Asia. Emerging evidence indicates that the dietary glycotoxins (DGs), which are high in Western diet
but low in Asian diet, might be one of the main reasons for prostate
cancer development. DGs refer to the reactive glycation products produced by non-enzymatic glycation/Maillard reaction between proteins
and sugars, which can be classified into early & intermediate glycation
products (EGPs), and advanced glycation end-product (AGE) precursors & AGEs. Since inflammation plays a critical role in prostate tumorigenesis, we hypothesized that DGs could promote prostate cancer
through inducing immunotoxicity. A model system containing whey
protein isolate and glucose was established to generate dietary EGPs
and AGEs. The non-reacted sample (NR), EGPs and AGEs were used to
feed adult male C57BL/6 mice. After 4 weeks of treatment, TRAMP-C2
cells (a mouse prostate cancer cell line) were subcutaneously injected
in the flank region. The tumor length and width were measured, and
the spleens were harvested to determine the splenic leukocytes by flow
cytometry (FC). In addition, two human prostate cancer cell lines LNCaP
and PC-3, and the mouse TRAMP-C2 cells were cultured with NR, EGPs
and AGEs, or with their conditioned medium generated from PMAdifferentiated U937 (a human monocyte cell line) or RAW264.7 (a mouse
macrophage cell line) cells. The cytokine/chemokine production and
iNOS expression by the PMA-differentiated U937 cells were also measured. The in vivo data showed that both EGPs and AGEs promoted the
prostate tumorigenesis, and more effects were produced by EGPs. EGPs
increased the splenic macrophage percentage, while AGEs decreased
the CD8+/CD4+ ratio. The in vitro data showed that only EGP-conditioned
media and AGEs were able to increase the prostate cancer cell proliferation. Macrophages were modulated by EGPs - the cytokine/chemokine secretion was overall enhanced with IL-10 and MIP-1β upregulated
most, and the iNOS expression was decreased. Taken together, both
EGPs and AGEs promoted the prostate tumorigenesis, but through
different mechanisms. EGPs promoted prostate cancer by modulating
macrophages being tumor-associated, while AGEs directly increased
prostate tumorigenesis, and the stimulated cancer cells possibly inhibited cytotoxic T cell infiltration.

2579 Evaluation Of Herb-Drug Interactions with
Cryopreserved Human Enterocytes

C. Loretz, U. Doshi, and A. P. Li. In Vitro ADMET Laboratories Inc.,
Columbia, MD.
29 commonly used herbal supplements (HS) were evaluated for their
drug interaction potential via quantification of their inhibitory effects
on the activity of CYP3A4, a key intestinal drug metabolizing enzyme, in
cryopreserved human enterocytes. Commercially obtained formulated
oral herbal nutrient products were used in the study. The HS were dissolved in protein free culture medium (HQM) followed by filtration to

remove insoluble components and pH adjustment to 7.0. After recovery
from cryopreservation, human enterocytes were treated with each of
the HS, followed by evaluation of enterocyte viability based on cellular
ATP contents, and quantification of CYP3A4 activity using luciferin IPA
as a P450 isoform-selective substrate. Results were expressed as relative
activity calculated as activity as percent of solvent control after correction for cell viability. Of the 29 HS evaluated, 6 were found to have statistically significant (p<0.05) and substantial (>50% inhibition) CYP3A4
inhibitory effects. The HS identities and the remaining relative CYP3A4
activities after treatment with the recommended oral dosages were:
valerian (Valeriana officinalis): 21+/-2%; St. John’s wort (Hypericum perforatum): 22 +/- 6%; ginger (Zingiber officinalis): 23 +/- 3%); cinnamon
(Cinnamomum verum):23 +/- 6%; horehound (Marrubium vulgare): 32
+/- 3%), milk thistle (Silybum marianum): 43 +/- 3%; and ginkgo (Ginkgo
biloba): 44+/- 6%. These inhibitory HS were further evaluated at multiple
concentrations, with and without a 30 minute pre-incubation period
with the test substance, to evaluate potential time dependent inhibition as known for grapefruit juice (GFJ). Dose-dependent inhibition
of CYP3A4 activity was observed for GFJ and all 6 inhibitory HS. Preincubation of enterocyte with GFJ for 30 minutes significantly enhanced
CYP inhibitory potential of GFJ, horehound, St. John’s wort, and valerian root, demonstrating that these substances were time-dependent
CYP3A4 inhibitors. The observed results are consistent with known in
vivo drug interaction findings, suggesting that that cryopreserved
human enterocytes represent a physiologically relevant in vitro experimental system for the identification of food and orally administered HS
with drug interaction potential.

2580 Effects of Ergot Alkaloid-Containing, Wild-Type
Toxic Tall Fescue Grazing, and/or Changing
Environmental Temperature and Humidity on
Thermoregulation and Respiration Rates in
Angus Steers

R. S. Mote2, N. S. Hill2, D. P. Jones1, Z. P. Sanders2, Z. B. Turner2, and
N. M. Filipov2. 1Emory University, Atlanta, GA; and 2University of
Georgia, Athens, GA.
Tall fescue (Lolium arundinaceum) is commonly infected with an endophytic fungus (Epichloë coenophiala) that benefits plant fitness but produces ergot alkaloids, which are toxic to grazing livestock and cause
fescue toxicosis (FT). FT is a complex disease that presents most prominently in hot/humid environments, which are conducive of heat stress
(HS) and cause abnormalities that overlap with some signs of FT. Toxic
tall fescue grazing (TFG) and temperature-humidity index (THI) interactions under field conditions have not been studied. The goal of these
studies was to characterize key physiological changes resulting from
TFG coupled with no HS (-THI; THI <72) or low/moderate HS (+THI; THI
>72<78) conditions. In two studies, Angus steers (n=12; 6 paddocks; 2
steers/paddock) were assigned to non-toxic (Jesup MaxQ; 3 paddocks) or
toxic (Jesup with wild-type endophyte; 3 paddocks) treatments. Blood,
feces, urine, respiration rates (RR), surface, skin (Study 2; Late Spring/
Early Summer), and rectal temperatures (RT; To) were collected before,
1, 2, 14, and 28 (Study 1, Spring), and before, 1, 2, 12 (-THI), 16 (+THI),
20 (+THI), and 26 (-THI; Study 2) days after pasture placement; steer
weights were recorded before and at study termination. Urinary ergot
alkaloids were also determined to confirm exposure. TFG decreased
daily and cumulative weight gains and increased RR (Study 1&2) and RT
(Study 2; THI-independent) after ³ 12 days. Under +THI conditions, treatment-independent significant increases in both skin and surface To were
seen except for the surface ear To, which was increased the most under
+THI and TFG. These data suggest some key physiological parameters
(RR, RT, weight gain) are impacted by TFG independent of THI. Ear To,
a key index of anterior/cranial thermoregulation, is dependent on the
THI-TFG interaction. Decreased weight gains in these studies (~27 kg/
animal) were more pronounced in Study 2, as higher THIs lead to shorter
grazing periods. Moving forward, plasma and urine metabolic and fecal
microbiome profiling will be utilized to further our understanding of the
THI-TFG interaction’s effects in the bovine. (Support: USDA, NIFA, Grant
Number 67030-25004)

Cancerous Tissue Toxicity in a Mouse Melanoma
Model

J. Tobacyk, I. Miousse, C. Quick, A. Jamshidi-Parsian, C. Skinner,
C. Skinner, K. Kutanzi, R. Griffin, and I. Koturbash. University of
Arkansas for Medical Sciences, Little Rock, AR.
Methionine is an essential amino acid that is indispensable for normal
cell growth and development. While normal cells tolerate methionine
deficiency, most cancer cells are strictly methionine dependent. One
of the obstacles in the clinical application of methionine deficient diet
(MDD) is its hematopoietic toxicity. Recent advances in tumor imaging
offers improved local tumor control within a decreased duration of radiation treatments compared to conventional fractionation. In our study,
we investigated the synergistic effects of dietary methionine modulation combined with radiotherapy (RT) and its effects on both cancer
and normal tissue toxicity in a mouse B16-F10.1 melanoma model. MDD
potentiated the effects of RT by a significant delay in tumor growth in
comparison with MDD alone or RT alone. Apoptotic and necrotic events
were mostly exhibited in tumors with MDD/RT treatment and characterized by activation of RIPK3- and TNF-mediated pathways. MDD substantially diminished tumor metastatic potential. On the other hand, shortterm methionine deprivation did not cause detectable liver toxicity. Our
findings suggest that MDD may enhance the efficacy of RT treatment.

2582 Natural Occurrence of Ochratoxin A in Botanicals
Commercialized in Turkey

S. Özden, and H. Ozden. Istanbul University, Istanbul, Turkey.
Ochratoxin A (OTA) is a naturally occurring mycotoxin and one of the
major contaminants of foodstuffs which causes significant risk to human
health. In recent years, many incidences of natural occurrence of mycotoxins in botanicals have been reported. OTA content of totally 39
samples of ginger, turmeric, liquorice and nutmeg roots and powders
was analyzed by a HPLC-fluorescence technique after immunoaffinity
column clean-up. The sensitivity of the method was linear in the range
of 0.05-100 μg kg-1 (r2=0.9994). Nine out of 13 (69.2%) ginger samples
contained OTA at the concentrations ranged from 0.05 to 2.1 μg kg-1,
whereas 100% of turmeric and nutmeg samples contained OTA in the
range of 0.2-16.3 μg kg-1 and 0.1-43.7 μg kg-1, respectively. Highest levels
of OTA were found in dried liquorice powder averaging 61.7 μg kg-1,
while mean contents in dried liquorice root were 3.4 μg kg-1. Overall,
only 2 nutmeg (32-43.7 μg kg-1), 1 liquorice (121.3 μg kg-1) and 1 turmeric
(16.3 μg kg-1) samples contained OTA more than European Commission
limit (15 μg kg-1). It is suggested that OTA content should be carefully
considered in these botanicals.

2583 Characterization of a Probiotic Lactobacillus

Strain Associated with Reduced Inflammatory
Toxicity

J. Castellanos1, M. Davoren2, J. Liu2, and R. Schiestl2. 1California
State University, Northridge, Los Angeles, CA; and 2University of
California Los Angeles, Los Angeles, CA.
Lactobacillus species are gram positive, facultatively anaerobic bacteria.
Populations of these bacteria form an important part of the gut microbiome in humans and other mammals. Beyond the gut, Lactobacillus
bacteria are often used for their ability to ferment sugars into lactic acid,
playing a key role in the preparation of foods like meats, dairy products
and vegetables. Beyond their traditional role as fermenters, Lactobacillus
species are often a part of probiotic formulations, which continue to
gain traction with consumers as a part of the holistic health movement.
Inoculations of lactic acid bacteria have been shown to decrease the
incidence of colon and liver carcinomas in mice.The wider implications
of stable Lactobacillus gut populations on systemic genotoxicity and
inflammation became clear to the Schiestl lab when investigating a
curious discrepancy in thymic lymphoma rates between two genetically identical mouse colonies housed in different facilities. A subspecies
of Lactobacillus johnsonii (LBJ) was found to be abundant in the more
cancer- resistant mice. Importantly, inoculation of LBJ alone into mice
with their microflora cleared by antibiotics lead to a heavy reduction in
genotoxicity and inflammation. Genomic analysis of LBJ revealed features that contribute to a prime colonizing ability, capable of outcompeting pathogens and other proinflammatory strains. Based on these
mouse model data, this strain has the potential to serve as a probiotic
intervention against inflammatory genotoxicity in humans as well. LBJ
has the capability to ferment and remain viable in multiple food products such as yogurt, chocolate, Kombucha, and sour beer. LBJ meets

industry best practice standards for probiotic bacterial strains, showing
long term viability in culture, resistance to stomach and bile acids, and
well characterized metabolic ability. The availability of a probiotic strain
with experimentally proven effects will have tangible benefits for the
management of inflammatory toxicity in humans.

2584 Development and Application of Thresholds of

Toxicological Concern (TTC) for Dietary Exposure
to Novel Proteins

C. R. Fleming, and S. Papineni. Dow AgroSciences, Indianapolis, IN.
The TTC concept is a valuable tool for risk assessment of chemicals with
low exposure potential, such as food contact materials or pesticide
impurities or metabolites. Proteins are excluded from current regulatory frameworks on TTC because they were not included in the databases used to derive current TTC values. Dietary exposures to regulated
proteins (e.g., newly expressed proteins in genetically-modified (GM)
crops), are often very low, and would lend themselves well to TTC-based
risk assessment approaches. Application of TTC to proteins could significantly reduce the number of animals used in the risk assessment novel
proteins. A literature search on acute and repeated dose oral toxicity of
proteins was performed to derive TTC values based on the 5th percentile
of NOAELs and an uncertainty factor of 100. For most proteins, no toxicity
is observed by the oral route of exposure and the NOAEL is the highest
dose tested. Of the proteins with known oral toxicity, most of them act
by acute mechanisms. For acute oral toxicity, the NOAELs for proteins
with known toxicity were found to cluster together, with the highest
NOAEL for the toxic proteins being 10-fold lower than the lowest NOAEL
based on the high dose tested for non-toxic proteins. Therefore, two TTC
clusters are proposed for acute toxicity, one for proteins with homology
to known toxins, and one for those without. The number of toxic proteins in the database (n=7) does not support derivation of a TTC value
for this class. However, based on preliminary review of the literature for
proteins with no known acute toxicity (n=48), a TTC value of 0.75 mg/kg
can be proposed. For repeated dose oral toxicity, the NOAELs for the few
protein toxins did not cluster separately from the remaining proteins, so
a single TTC value can be proposed (n=61). Based on preliminary review
of the literature, a TTC value of 0.0047 mg/kg/day is proposed, driven by
several studies with no observed toxicity and high dose ≤1 mg/kg/day.
The sample sizes here are comparable to those used to derive existing
Cramer class TTCs. These protein TTC values are highly conservative as
the NOAELs driving the calculations for both acute and repeated dose
toxicity are based on studies with no observed toxicity. Application of
these values to risk assessment could significantly reduce reliance on
animal testing to support the incorporation of novel proteins into the
human diet and support a de minimis exposure threshold below which
no hazard assessment is generally necessary.

2585 Amino Acid Profile and Quantification of Heavy
Metals in Solanum nigrum a Lesser-Known
Vegetable in the Northeast of Nigeria

O. Otitoju1, and G. T. Otitoju2. 1Federal University Wukari, Wukari,
Nigeria; and 2University of Nigeria Nsukka, Nsukka, Nigeria.
Sponsor: O. Otitoju.
The objective of this study was to determine the amino acid profile and
the presence of heavy metals in shade dried leaves of Solanum nigrum
consumed in Gembu, Taraba state, Nigeria. The Amino acid profiles
were determined using LC (HPLC). All values were subjected to mean
and standard deviation using SPSS 21. The result of the amino acid analysis showed a high concentration of tyrosine, tryptophan and proline
with values of 2.18, 2.11 and 2.11% (%DW) respectively, while Alanine,
valine, aspartate, threonine, glutamine, asparagines, histidine, methionine and glutamate had relatively low values of 0.96%, 0.92%, 0.89%,
0.86%, 0.83%, 0.80%, 0.68%, 0.38% and 0.33% respectively. Heavy metal
contents in S. nigrum showed high cobalt content with the value of
0.011ppm, while Arsenic, Mercury and Cadmium had relatively low value
of 0.003ppm, 0.005ppm and 0.007ppm respectively. The high values of
amino acids profile and low heavy metal contents reflect a desirable
nutritional quality. This current study provides some useful insight on
some of the desirable attributes of Solanum nigrum leaves. It therefore
adds value to human lives as the study has revealed the essentiality of
the vegetable and also makes the vegetable more popular.
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2581 Methionine Deprivation Induced Normal and

2586 In Vitro Mutagenic Potential of Pure and

Extracted Cylindrospermopsin and Microcystin

A. Jos, S. Maisanaba, R. Guzmán-Guillén, D. Gutiérrez-Praena, M.
Llana-Ruiz-Cabello, and A. M. Cameán. University of Sevilla, Sevilla,
Spain. Sponsor: G. Font.
Cylindrospermopsin (CYN) and microcystins (MCs) are two types of
cyanotoxins produced by several species of cyanobacteria, which are
distributed worldwide. These toxins are well known for their harmful
effects in humans, animals and plants, as demonstrated by in vitro and
in vivo studies. However, little is known about their genotoxic effects,
a relevant issue to take into account since these cyanotoxins could be
present in different food and water sources, affecting humans. In the
present study, the mutagenicity potential of pure CYN, MC-LR (one of
the most common variants of MCs), and CYN extracted from a culture of
Aphanizomenon ovalisporum, all of them at a concentration range from
0 to 10 µg/mL, was studied through the Bacterial Reverse Mutation Test
(OECD 471). Five Salmonella typhimurium histidine-auxotrophic strains
(TA97A, TA98, TA100, TA102 and TA104) were used, and the assay was
performed in absence and presence of external metabolic fraction (S9).
The results obtained did not show mutagenic response produced by
pure CYN or pure MC-LR; however preliminary results obtained after
exposure to extracted CYN indicated mutagenic potential at the highest
concentration tested in presence of S9 in TA98. Moreover, a non-CYNproducer Cylindrospermopsis raciborskii culture was also assayed as a
control, and no mutagenicity was observed under the conditions tested.
Further research is needed to elucidate the mutagenic potential and
the genotoxic effects of pure and extracted CYN, as well as pure MC-LR,
due to their ocurrence in the environment and, possibly, in the daily life
of consumers. Acknowledgements: the authors want to thank the Spanish
Ministerio de Economia y Competitividad (AGL2015-64558-R, MINECO/
FEDER, UE) for the financial support. Moreover, the authors want to thank
the Biology Service of the CITIUS of the University of Sevilla for their technical support.

2587 90-Day Rat Feeding Study with Potato-Based
Diet Containing Event E12 or W8

Mukerji1,
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C. Zhong2, G. Rudgers2, A. Rowland2, E. Rosenbaum2,
D. Hoban1, S. R. Frame1, and J. Roper1. 1E.I. duPont de Nemours,
Newark, DE; and 2Simplot Plant Sciences, Boise, ID.

SOT 2017 Annual Meeting

The potential nutritional effects of bioengineered potatoes (events
E12 and W8) were evaluated in a subchronic rodent feeding study.
Event E12 contains an insert designed to down regulate four genes
that results in reduced polyphenol oxidase, lower free asparagine, and
lower reducing sugars. These changes in endogenous gene expression reduce black spot bruising and also reduce acrylamide formation
when E12 potatoes are cooked at high temperatures. Event W8 contains an insert similar to E12 and another insert that down regulates an
additional gene impacting the concentration of reducing sugars. The
additional insert also expresses a wild potato gene that confers resistance to Phytophthora infestans, a pathogen responsible for late blight.
Rats (12/sex/group) were provided diets containing 20% cooked and
dried potatoes from event E12, event W8, or from one of three non-GM
control/reference potato varieties (Burbank, Ranger, or Atlantic). All
diets were formulated to be nutritionally comparable to PMI® Certified
Rodent LabDiet® 5002. Composition analysis (nutrients, heavy metals,
mycotoxins, and pesticides) and molecular characterization were performed on each lot of processed potatoes and manufactured rodent
diet. Rats consumed the diets for 90 days and were evaluated for body
weight, dietary intake, clinical signs, ophthalmology, neurobehavioral
parameters (functional observational battery and motor activity), clinical pathology (hematology, coagulation, clinical chemistry, and urinalysis), and anatomic pathology (gross pathology and organ weights). No
adverse effects were observed as a result of test diet consumption. The
results support the conclusion that foods processed from potato events
E12 and W8 are as safe and nutritious as foods processed from conventional potato varieties.

2588 The Effect of Co-Administration of Death Camas
(Zigadenus) and Low Larkspur (Delphinium) in
Cattle

K. D. Welch, B. T. Green, D. R. Gardner, C. A. Stonecipher, J. A.
Pfister, and D. Cook. USDA/ARS/PPRL, Logan, UT.
In many rangeland settings, there is more than one potential poisonous
plant. Two poisonous plants that are often found growing simultaneously in the same location in North America rangelands are death camas
(Zigadenus spp.) and low larkspur (Delphinium spp.). The objective of
this study was to determine if co-administration of death camas would

exacerbate the toxicity of low larkspur in cattle. Cattle dosed with 2.0 g
of death camas / kg BW showed slight frothing and lethargy, whereas
cattle dosed with both death camas and low larkspur showed increased
clinical signs of poisoning. Although qualitative differences in clinical
signs of intoxication in cattle co-treated with death camas and low larkspur were observed, there were not any significant quantitative differences in heart rate or exercise-induced muscle fatigue. Co-treatment
with death camas and low larkspur did not affect the serum zygacine
kinetics, however, there was a difference in the larkspur alkaloid kinetics
in the co-exposure group. Overall, the results from this study suggest
that co-exposure to death camas and low larkspur is not significantly
more toxic to cattle than exposure to the plants individually. The results
from this study increases knowledge and understanding regarding the
acute toxicity of death camas and low larkspur in cattle.

2589 The Potential Hepatotoxic Risk to the Consumer

and Derivation of an Acceptable Daily Intake for
Kava Kava Using Benchmark Dose Modeling

W. Salminen1, A. Salminen3, and G. Russotti2. 1Camargo
Pharmaceuticals, Sarasota, FL; 2ProNatural Brands, Boca Raton,
FL; and 3University of Rochester, Rochester, NY.
Kava kava (kava) is a commonly used dietary supplement that has been
associated with clinical cases of hepatotoxicity. Due to its sedative
and calming effects, kava is often taken as an alternative to anti-anxiety medications and as a sleep aid. The US FDA issued a warning to
consumers about the potential hepatotoxicity risk posed by kava-containing dietary supplements. To further assess the hepatotoxic potential of kava, the US National Toxicology Program (NTP) conducted toxicology studies in mice and rats. Kava induced an array of adverse effects
in the liver. Benchmark doses (BMDs) were calculated for the adverse
liver effects and these doses were used as points-of-departure (POD) for
determining an acceptable daily intake (ADI) for kava. For short term use
(≤90 days), it was determined that the ADI was 21 mg kavalactones/day
(81 mg kava extract/day). For chronic use, the ADI was 2.3 mg kavalactones/day (8.5 mg kava extract/day). These values are well below typical
kava consumption levels of 60 - 280 mg kavalactones/day indicating
that typical kava consumption levels may present a hepatotoxicity risk
to consumers.

2590 Evaluation of Oxidative Stress in the

Induction of Toxicological Effects Caused by
4-O-Methylhonokiol in Japanese Medaka
Embryogenesis

S. K. Singha, M. A. Ibrahim, M. Ilias, I. A. Khan, and A. K.
Dasmahapatra. University of Mississippi, University, MS.
The present experiment was aimed to study the effect of the toxicological potential of 4-O-methylhonokiol (4-O-MH), a neolignan isolated
from Magnolia grandiflora seeds, using Japanese medaka embryogenesis as an experimental model. Fertilized medaka eggs (Iwamatsu stage
10) were exposed to 1, 2, 5, and 10 μM 4-O-MH for 0-6 day post fertilization (dpf) and the heart beats, vessel circulation, thrombus formation, hatching efficiency, and mortality were evaluated. Heartbeats were
determined on 3 and 6 dpf embryos. Compared to control embryos,
heartbeats were found to be decreased significantly in 2, 5, and 10
μM groups in 6 dpf. Thrombi were seen only in embryos exposed to
5 and 10 μM 4-O-MH that can cause significant delay in vessel circulation. The embryos exposed to 5 and 10 μM 4-O-MH for 0-6 dpf reduced
hatching efficiency in comparison with other groups. The calculated
LD50 as determined on 10 dpf from three independent experiments is
5.99 μM. We hypothesized that oxidative stress may play a significant
role in inducing these toxicological effects. To verify our hypothesis, we
analyzed three genes including catalase, glutathione s-transferase (GST)
and glutathione reductase (GR) mRNAs at the transcription level. Our
data indicate that mRNAs of these antioxidant enzymes were remained
unaltered which suggests that the toxic potential of 4-O-MH is mediated
by mechanisms other than oxidative stress.

Developmentally Exposed to Panax ginseng Root
Extract

P. A. Lipson2, I. A. Khan1, and A. K. Dasmahapatra1. 1National
Center for Natural Product Research, University of Mississippi,
University, MS; and 2University of Mississippi, University, MS.
The therapeutic potential of Panax ginseng (PG) in the treatment of neurobehavioral disorders such as Parkinson’s disease (PD) prompted us to
evaluate the prenatal effect of PG on postnatal prevention in the induction of PD phenotypes. We have used Japanese medaka (Oryzias latipes)
as our experimental model. Fertilized eggs were exposed to PG root
extract (PGRE; 2 µg/ml) 0- 6 day post fertilization (dpf). The heart beats of
the embryos were recorded on 3 and 6 dpf and the larvae were used for
movement analysis. The larval swimming were tracked for three hours
by light-dark cycles (30 min light followed by 30 min dark) in a ZebraBox
instrument. The movement threshold was classified as inactive, active,
and hyperactive. It was observed that the heart of the embryos on 3 dpf
beat slower than the embryos on 6 dpf and PGRE (2 µg/ml) has no effect
on heart beats either in 3 or 6 dpf. All the embryos (both control and
PGRE) were hatched successfully on 8 dpf even though only 58.3% of
the PGRE-treated embryos were hatched on 7 dpf compared to 96% in
controls. The data showed that the larvae remained more active in presence of light and moved at a constant speed, but in the dark, a gradual
adaptation to the environment was noticed. The larvae exposed to PGRE
prenatally were less active than controls, however, these larvae travelled
greater distances by swimming in comparison to the controls in both
light and dark cycles. The pattern of adaptation of the larvae to the dark
remained the same as in controls. We conclude that prenatal exposure
to PGRE made the fish less active but allowed them to travel more distance without affecting the adaptive memory (light/dark adaptation).

2592 Variation in Myelostimulatory and Toxicological
Activity of Different Medicinal Species of
Echinacea Upon 7-Day Oral Treatment in
Sprague-Dawley Rats

S. K. Nagumalli1, D. L. Barney2, N. Schultz1, J. D. Carstens2, and S.
A. Meyer1. 1University of Louisiana at Monroe, Monroe, LA; and
2USDA-ARS, Ames, IA.
The three medicinally important species of Echinacea that are widely
used by the US population are E. purpurea, E. angustifolia and E. pallida.
Myelostimulation by Echinacea herbal supplement containing aerial
parts of E. purpurea (Spring Valley Natural Whole Herb, Idea Sphere Inc.,
UT) and accessions E. purpurea PI-649040 and E. angustifolia PI-649026
(USDA-ARS NCRPIS) has been previously described by us. In the present
studies, we extend these findings to describe variation in myelostimulatory and toxicological activity of individual species, specific accessions within species and growing conditions. We obtained accessions
E. purpurea PI-631307, PI-633668 and PI-649040, either grown in a
shade house (SH) or in the field (FG), and E. angustifolia PI-649026 and
E. pallida PI-631300 from the USDA-ARS NCRPIS. Ethanol extract (75%
v/v) of the plants were given orally to female Sprague-Dawley rats at
0, 25, 50, 100 and 200 mg/kg for 7 days. After 24hrs, rats were sacrificed and myeloid progenitors, i.e., CFU-GMs, from femur bone marrow
were cultured in methylcellulose with csf2, IL-3 and SCF. After 5 days,
cell number, as ATP content, was measured as luciferase luminescence
(Cameo assay, Hemogenix). Liver and spleen were weighed. Blood and
serum were analyzed for hematology and clinical pathology. Increases
in CFU-GMs were observed with PI-631307, PI-633668 and PI-649026
at 66%, 56% and 111%, respectively, at 200 mg/kg and with PI-649040
SH and PI-649040 FG at 58% and 35%, respectively, at 100 mg/kg. No
change in CFU-GMs was observed with PI-631300. For toxicological
assessments, decrease in relative liver weight and alkaline phosphatase (ALP) with PI-631307, increase in RBC count and decrease in ALP
and glucose with PI-649040 SH, decrease in RBC count with PI-649040
FG and decrease in relative liver weight, ALT, ALP and blood granulocytes with PI-631300 were observed. No parameters were affected by
PI-633668 and PI-649026. To conclude, variation with Echinacea species
and with accession and growing conditions within accession occurred
for myelostimulation, with E. angustifolia PI-649026 exhibiting highest
activity. For toxicological endpoints, liver and certain blood parameters
were affected differentially, with the most changes occurring with E.
pallida PI-631300.

2593 Bromopyrroles from Marine Sponges Have

a Stringent Structure-Activity Relationship
towards Ryanodine Receptor Type 1 (RyR1)

J. Zheng2,1,, A. E. Gamal3, W. Feng2, Y. Dong2, B. Moore3, and I.
N. Pessah2. 1China Pharmaceutical University, NanJing, China;
2University of California Davis, Davis, CA; and 3University of
California San Diego, San Diego, CA.
Bromopyrroles are emerging environmental pollutants created as disinfection by-products (DBPs) and their levels are increasing in both fresh
drinking water sources and in disinfected saline wastewater effluents.
2,3,5-tribromopyrrole, one of the halopyrroles DBPs found in disinfected
water rich in bromide, has been reported to have potent cytotoxicant and genotoxicant activities in mammalian cell models. Recently,
tetrabromopyrrole identified in disinfected wastewater streams was
also demonstrated to produce developmental toxicity to P. dumerili
embryos, with an EC50 of 1.59μM. Here we tested several bromopyrroles extracted from marine sponges including tetrabromopyrrole, 3, 4,
5-tribromopyrrole and hexabromobipyrrole for their activity on microsomal Ca2+ homeostasis, including direct actions on ryanodine receptor
type 1 (RyR1) Ca2+ channels and SR/ER Ca2+ ATPase (SERCA) pump activities, and their consequences on synchronized Ca2+ oscillations (SCOs)
using primary cultured cortical neuronal networks. Tetrabromopyrrole
was more active (EC50 of 275nM) than hexabromobipyrrole (EC50 of
809.1nM) at stabilizing RyR1 open state, whereas 3, 4, 5-tribromopyrrole
was inactive. Hexabromobipyrrole also inhibited SERCA activity. Acute
exposure of cortical neuronal networks to tetrabromopyrrole altered the
pattern of SCOs activity in a concentration-dependent manner. These
data identify for the first time a new molecular mechanism by which
bromopyrroles alter neuronal Ca2+ signaling. (Supported by NIEHS R01
P01 ES011269 and P42 ES04699, and US EPA STARR829388 and R833292)

2594 Toxicity and Reversibility Assessment of Persea
americana Seed Extract in Rats

O. K. Yemitan. Lagos State University College of Medicine, Ikeja,
Nigeria. Sponsor: P. Wright.
The hydro-ethanol (1:1) seed extract of Persea americana (SEPA), is currently gaining popularity worldwide in various chronic ailments like
hypertension, diabetes, benign prostatic hyperplasia, and even cancer,
among others. Various toxicological end-points were investigated for
effects of SEPA in rats, with a view to ascertaining and predicting its
safety claims in humans. Rats of both sexes were given daily doses of
SEPA (20, 100 or 500 mg/kg) for 90 days, during which the body weights
were measured weekly. After 90 days, weights of vital organs were measured; serum metabolites- alkaline phosphatase (ALP), aspartate amino
transferase (AST), alanine amino transferase (ALT), bilirubin and uric acid
were measured; and oxidative stress markers- catalase (CAT), superoxide
dismutase (SOD), reduced glutathione (GSH), and malondialdehyde
(MDA) were determined from liver and spleen tissues. Hematologic and
spermatologic functions were also assessed. These were followed by 21
days reversibility tests. There was significant (P = .05) body weight loss
per week at 500 mg/kg SEPA groups. Significant decreases were also
recorded in liver weight of male rats at 500 mg/kg. There was significant
reduction in WBC, as well as ALP and direct bilirubin of both sexes of rats
at 500 mg/kg. Significant elevations of CAT, SOD & GSH were derived
for both sexes, but lowering of MDA was recorded for male rats at 100
mg/kg. The significant reduction of WBC, but not that of spermatozoa
counts and quality was reversible. Histopathology of testicular architecture revealed lesions at 500 mg/kg SEPA. In conclusion, SEPA could
potentially cause various irreversible toxicities on the white blood cells
and spermatozoa during and after prolonged oral use at high doses;
contradicting its safety claims.

2595 Ameliorative Effect of Azadirachta Indica Leaf
Extract on Nephrotoxicity in Rats

A. F. Yusuf, A. A. Oyagbemi, A. A. Adedapo, and T. O. t.
Omobowale. University of Ibadan, Oyo State, Nigeria.
Azadirachta indica (AI) is a known medicinal plant in various countries
and it is believed to possess antioxidant activity. AI is commonly used
in Nigeria as an analgesic, anti-inflammatory, antimalarial, antibacterial
and antifungal in humans. Isoproterenol (ISO) is a synthetic sympathomimetic amine and it is capable of causing cardiac and renal hypertrophy, also hypertension after repeated injections in rats. The mechanism of action of ISO-induced nephrotoxicity are generation of free
radicals, energy depletion and hypertrophy. The objectives of this study
were to investigate the antioxidant properties of Azadirachta indica in
ameliorating the effect of Isoproterenol induced nephrotoxicity and
alleviating oxidative renal injury in Wistar rats. The methanolic leaf
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extract of AI was administered orally to the rats at 100 mg/kg and 200
mg/kg body weight (bw) for 14 days followed by ISO 100 mg/kg bw
intraperitoneally (ip) on days 15 and 16 respectively, while a separate
group received ISO-only at 100 mg/kg ip on days 15 and 16. There was
a significant increase (P < 0.05) in the kidney weight and blood pressure
measurement of the rats in the ISO-only group compared to the pretreated groups. There were increased LPO (lipid peroxidation), malondialdehyde (MDA) and Xanthine oxidase (XO) levels. Glutathione peroxidase (GPx), Glutathione-s- transferase (GST), reduced glutathione (GSH)
and superoxide dismutase (SOD) activities were reduced in the renal
tissues in the ISO-only group. However, pretreatment with an oral dose
of AI elicited a significant nephroprotective activity by lowering markers
of oxidative stress and elevating activities of antioxidant enzymes in
rats pretreated with AI. Immunohistochemistry result revealed higher
expressions of Bcl-2 in the renal tissues of rats pretreated with AI. Our
findings strongly suggest that AI possess antioxidant properties in renal
oxidative damage. In conclusion, AI confers some level of protection
against nephrotoxicity in rats.

2596 Anti-Fibrotic Effects of Capsaicin on

Dimethylnitrosamine-Induced Hepatic Fibrosis
in Rat through the Regulation of Pparγ
Expression

Y. C. Chung2, J. H. Choi1, S. W. Jin1, and H. G. Jeong1. 1Chungnam
National University, Daejeon, Korea, Republic of; and
2International University of Korea, Jinju, Korea, Republic of.
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Liver fibrosis is a chronic disease, which primarily leads to liver unregulated metabolism. Minimizing the number of hepatic stellate cells (HSCs)
is definitely beneficial for a normal liver function irrespective of whether
liver fibrosis is effectively reversible. Peroxisome proliferator-activated
receptor-gamma (PPARγ) was reported to play a role as abrogation of
hepatic fibrosis through blocking HSCs activation and reducing collagenic deposition. In this study, we investigated the therapeutic effects
of capsaicin on dimethylnitrosamine (DMN)-induced liver fibrosis in rats
through the regulation of PPARγ expression. Capsaicin treatment significantly inhibited DMN-induced increases in serum ALT and AST activities,
fibrosis score, and hepatic lipid peroxidation. Capsaicin also inhibited
DMN-induced reductions in rat body and liver weights. RT-PCR revealed
that capsaicin inhibited DMN-induced increases in MMP-2, MMP-13,
TIMP-1 mRNA. In addition, the protein expression levels involved in
TGF-βl/Smad signaling pathway were downregulated specifically by
capsaicin treatment, whereas the protein expression levels of PPARγ and
C/EBPβ, which is a key upstream regulator of PPARγ, were upregulated.
Taken together, these findings suggest that capsaicin possibly suppress
HSC activation through the regulation of PPARγ expression and provide
a promising strategy for hepatic fibrosis treatment.

2597 Effects of Sub-Acute Exposure of Wistar Albino

Rats to Ethanolic Leaf Extract of Byrsocarpus
Coccineus on Some Haematological and Serum
Biochemical Parameters

G. M. Oladele. University of Abuja, Abuja, Nigeria.
The plant Byrsocarpus coccineus Shum and Thonn is a popular medicinal
plant used by traditional physicians in Western part of Nigeria for the
treatment of various ailments of both human and animals. The plant
alone or in combination with other plant materials is used by the traditionalists for the treatment of diseases such as diarrhea, jaundice, impotency, piles, rheumatism, urinary disorder, venereal diseases and also in
labour by pregnant subjects. Its analgesic, anti-inflammatory, antidiarrhic and antipyretic properties have also been reported by researchers.
The present study was aimed at determining the sub-acute toxicity
of the ethanolic leaf extract of the plant. The leaf of Byrsocarpus coccineus was extracted in absolute ethanol using Soxhlet extractor and the
extract obtained was administered orally at 250, 500, and 1000 mg/kg
to three groups A, B and C of Wistar rats respectively for 14 days while
the control group D was administered orally with 3ml/kg of distilled
water. Blood was then obtained from the anaesthesized rats for haematologic and serum biochemical analyses. The result obtained from
serum analyses showed a significant increase (p<0.05) in the levels of
blood urea nitrogen and creatinine concentration while the increase in
alkaline phosphatase is not significant for the groups treated with 500
and 1000 mg/kg of the extract compared to the control group. It was
therefore concluded that high doses of the extract may have untowards
effects on the kidney and care must be taken when using the plant in
high concentrations. Further research is on to determine the level and
the mode of the toxic effects.

2598 Kyung-Ok-Ko Ameliorate the Tolerance of
Physical Stress-Induced Skeletal Muscle
Malfunction

Y. A. Kim, S. W. Jin, S. M. Kim, G. H. Lee, S. J. Kim, and H. G. Jeong.
Chungnam National University, Daejeon, Korea, Republic of.
Kyung-Ok-Ko (KOK), a popular traditional Korean medicinal formula,
composed of Rehmannia glutinosa var. purpurea, Panax ginseng, Poria
cocos, Lycium chinense, Aquilaria agallocha, and honey. KOK has long
been used to maintain health (anti-oxidant, anti-tyrosinase, anti-cancer
activity) and increase longevity. But, whether KOK has protective or ameliorative effects against physical stress on skeletal muscle is unknown.
Thus, to investigate the myotoxicity profile of KOK and its effect on tolerance of physical stress induced skeletal muscle malfunction, mice were
given drinking water containing 600mg/kg Kyung-Ok-Ko for 4 week.
We examined the exercise performance effects of KOK at 2nd, 3rd and
4th week. The exercise performance of KOK treated group was significantly improved than that of vehicle control (VC) on grip strength (2nd
week), exhausted time of treadmill (3rd week) and exhausted time of
weight loaded swimming (4th week). We also investigated the effects of
KOK on the change of fatigue parameters in blood, skeletal muscle and
liver after swimming exercise. KOK significantly reduced lactate level
and enhanced glucose level in blood. Furthermore KOK significantly
increased glycogen in skeletal muscle. However, the glycogen level of
KOK in the liver was not significantly increased compared to VC. These
results show that administration of KOK may improve the anti-fatigue
activity and exercise capacity.

2599 Safety Evaluation of Estrogenic Potency of

an 8-Prenylnaringenin-Enriched Hop Extract
Regarding Mammary Gland Biology of Young
Adult Female Wistar Rats and MNU-Induced
Mammary Tumor Growth in Sprague-Dawley
Rats

A. M. Keiler3, D. Macejova2, B. M. Dietz4, J. L. Bolton4, D. Nikolic4, R.
B. van Breemen4, G. F. Pauli4, S.-N. Chen4, M. H. Muders3, F. Goerl1,
O. Zierau3, and G. Vollmer3. 1Institut für Pathology, Radeberg,
Germany; 2Slovak Academy of Science, Bratislava, Slovakia;
3Technische Universität Dresden, Dresden, Germany; and 4UIC/NIH
Center for Botanical Dietary Supplements Research, Chicago, IL.
Supplements with estrogenic activity represent potential alternatives
for the treatment of menopausal symptoms. The aim of this study was
to investigate an optimized hops (Humulus lupulus) extract, containing
0.35 % of the estrogenic flavonoid, 8-prenylnaringenin regarding breast
cancer safety. Experimentally we tested whether the extract stimulates
growth of methyl nitrosourea (MNU) induced breast cancer in ovariectomized (OVX) Sprague-Dawley (SD) rats or the proliferative activity in the
normal rat mammary gland of Wistar rats. In the tumor arm of the experiment 34 female SD rats received an intraperitoneal MNU injection of 50
mg/kg body weight on postnatal days 50 and 52. 28 days after injection
two groups of animals were OVX and randomly allocated to either a
phytoestrogen-free diet (negative control), also fed to SHAM operated
animals (positve control), or to a diet enriched with 500 ppm of the hops
extract for 132 days. For the investigations in normal Wistar rats, animals
weighing 150 - 200 g were OVX and divided into three groups (n=6).
They were either fed a phytoestrogen-free diet or a diet supplemented
with 10.5 ppm estradiol-benzoate or 700 ppm hops extract. Growth and
differentiation specific parameters were assessed in both study arms.
In the tumor study we observed 3 tumors in OVX negative controls, 39
tumors in SHAM positive controls and no tumors in the hops group.
In addition, in the normal rat mammary gland the hop extract neither
stimulated the expression of estrogen dependent proliferation markers
nor of the progesterone receptor. In summary, the oral dose of 40 mg/
kg body weight/d of hops extract did not substitute for estradiol in the
stimulation of breast cancer growth in SD rats, nor did it stimulate proliferative events in the normal mammary gland of OVX Wistar rats. Thus,
an important piece of evidence regarding the safety of hops extracts in
the management of menopausal symptoms is provided.

Induced Lipid Accumulation in Hepatocytes via
Camkk/Ampk Signaling Pathway

T. H. Pham, S. W. Jin, and H. G. Jeong. Chungnam National
University, Daejeon, Korea, Republic of.
Nonalcoholic fatty liver disease (NAFLD) is a common cause of chronic
liver disease worldwide and may even lead to liver cancer or liver failure.
There is currently no satisfactory therapy for NAFLD. Puerarin (daidzein-8-C-glucoside) is the major bioactive ingredient isolated from the
root of the Pueraria lobata. It found to be beneficial for many metabolic diseases but the mechanisms underlying NAFLD remain unclear.
In this study, we investigated the effects of puerarin in reducing lipid
accumulation in high glucose-treated HepG2 cells. Puerarin suppressed
high glucose-induced lipid accumulation in HepG2 cells and inhibited
fatty acid synthase (FAS) expression by modulating sterol regulatory
element binding protein (SREBP)-1c activation. Moreover, use of the
pharmacological AMPK inhibitor compound C revealed that AMPK is
essential for suppressing SREBP-1c expression in puerarin-treated cells.
Finally, we found that calcium/calmodulin-dependent protein kinase
kinase (CaMKK) phosphorylation is required for the puerarin-enhanced
activation of AMPK in HepG2. These results indicate that puerarin prevents lipid accumulation in HepG2 cells by blocking the expression of
SREBP-1c and FAS through CaMKK/AMPK activation, suggesting that
puerarin is a novel AMPK activator with a role in the prevention and
treatment of obesity.

2601 Inhibition of Pro-Hypertensive Soluble Epoxide
Hydrolase (sEH) Activity by Honokiol, a
Component of Magnolia Bark

J. M. Santos, A. Joiakim, K. Utterbeck, B. Curtis, D. Kaplan, D. A. Putt,
and H. Kim. Detroit R&D, Inc., Detroit, MI.
Epoxyeicosatrienoic acid (EET), a substrate of soluble epoxide hydrolase (sEH), has anti-hypertensive proprieties. Inhibition of its conversion
to dihydroxyeicosatrienoic acids (DHET) by soluble epoxide hydrolase
(sEH) has been tested as a therapeutic approach towards hypertension
and stroke. Increased sEH activity in kidney, heart and brain cells, which
lowers renal, heart and brain EET levels has been linked to hypertension,
cardiovascular diseases and stroke, respectively. The aim of this study
is to test use of honokiol (a natural component of magnolia bark) as an
inhibitor of sEH, which is involved in hypertension and cardiovascular
diseases. Formation of ~250 and 670 ng/ml 14,15-DHET were detected
after incubation of 10 µM recombinant human sEH enzyme with 1 µM
EET for 30 and 60 min, respectively, using a 14,15-DHET ELISA. Inhibitory
effects of 20 µM 12-[[(tricyclo[3.3.1.13,7]dec-1-ylamino)carbonyl]amino]-dodecanoic acid (AUDA), a synthetic sEH inhibitor, and 20 µM
honokiol on activity of 10 µM human sEH were tested with 1 µM EET for
30 and 60 minutes. AUDA was found to be a potent inhibitor of the sEH
activity. Honokiol inhibited the sEH activity by 67% after 60 min incubation with 1 µM EET. Human kidney ACHN cells expressing sEH were
treated with 20 µM AUDA and/or 20 µM of honokiol for 2 hr followed
by the addition of different concentrations of EET (0.3, 1 and 5 µM) to
the cell media. In the kidney cells, both honokiol and AUDA attenuated
the formation of 14,15-DHET at 0.3, 1 and 5 µM EET concentrations and
combining both compounds showed a minimal additive effect. AUDA
and honokiol appear to bind to the same site of sEH. Honokiol consumption might be effective in attenuating sEH activity to maintain renal EET
levels and preventing the onset of hypertension.

2602 Probiotic Plus Rice Bran Extract Mediated

Inhibition of Environmental- and Host-Derived
Antimicrobial Resistant Escherichia Coli

A. Holder, N. J. Nealon, J. Gilliland, and E. P. Ryan. Colorado State
University, Fort Collins, CO.
Introduction: Antimicrobial resistance (AMR) develops following environmental exposures to antimicrobial agents, inputs from animals and
people and by gene pool transfer mechanisms. Clinical implications of
AMR include reduction in the number of therapeutic treatment options
for pathogenic infections, and recurrence of infections that could lead
to increased outbreak related mortality. Rice bran and probiotics have
shown antimicrobial activity against clinically relevant microbes such
as Salmonella and Rotavirus and have an advantage over antibiotics
due to varied mechanisms of actions without promoting resistance. A
1-2% Cinnamon Burmanni solution was shown effective at reducing in
vitro biofilm formation of clinically isolated S. Epidermis compared to
Chlorhexidine, Triclosan, Gentamicin positive controls in Indonesia.
Methods: Rice Bran extract was prepared with 80% methanol of Calrose
or LTH rice bran and incubated with or without Lactobacilli probiotics.

The effects of rice bran extracts were tested for growth inhibition of
Klebsiella Pneumoniae Carbapenemase (KPC) Enterobactericiae isolated
from wastewater, river water, sewage, and animal feces. Optimal in vitro
growth conditions were determined for each AMR strain (e.g. E. Coli).
The minimum inhibitory concentration (MIC) for Ampicillin, Cefazolin,
Tobramycin, Tetracycline, Gentamicin, and Amikacin was determined
and will be compared to rice bran extract at different doses and in
the presence and absence of a fixed amount of Lactobacilli probiotics.
Results: Rice bran extracts were analyzed for dose-dependent effects
across multiple bacterial dilutions. The MIC was evaluated for rice bran
extract at 1-20 mg/L to determine the in vitro activity of the suite of antimicrobial compounds. Screening natural compounds in rice bran for
new, safe antimicrobials will be followed by specific metabolite identifications that can be applied to address the persistence and spread of
antimicrobial resistance. Conclusions: High doses of rice bran are safe
and may be effective agents to reduce the growth of antimicrobial resistant bacteria in diverse settings and mammalian hosts. Characterization
of new plant-derived compounds associated with antimicrobial activity
have important toxicologic relevance and implications for new drug
development strategies.

2603 A Toxicological Evaluation of Goldenseal In Vitro
Using Primary Human Hepatocytes

J. R. Rice, W. A. Boyd, P. E. Dunlap, J. K. Dunnick, S. S. Ferguson, S.
Ramaiahgari, and M. J. Devito. NIEHS, Durham, NC.
Goldenseal (hydrastis canadensis) is a perennial herb native to the
eastern United States and southeastern Canada which is considered to
have many health benefits and is among the most popular herbal supplements sold in the US. However, little is known about its toxicity. What
is known is that long-term use can reduce absorption of B vitamins, and
that it has been found to inhibit cytochromes P450 including CYP3A4,
CYP3A5, and CYP2D6. Most of the research has focused only on berberine, the active constituent in goldenseal. Another concern is that constituent concentrations can vary greatly across lots. One chronic toxicity
and carcinogenicity study on goldenseal root powder (NTP Technical
Report 562) demonstrated clear evidence of carcinogenic activity in
male and female F344/N rats and some evidence in male B6C3F1 mice,
though none in the female mice. This goldenseal root test article did not
induce genotoxicity in salmonella and was negative in vivo using the
micronucleus assay in mice. The present study evaluated five goldenseal
lots and four isoquinoline alkaloid constituents (berberine, hydrastine,
canadine and palmatine) found in goldenseal using sandwich cultures
of primary human hepatocytes and assays for cytotoxicity and gene
expression. All of the test articles showed cytotoxicity at the highest
concentration, with dose response curves comparable to berberine
and palmatine. None of the lots markedly induced CYP1A2, CYP2B6,
CYP3A4, ABCB11, or HMGCS2 gene expression (markers of toxicologically-important hepatic receptor activation).Suppression occurred with
ABCB11 and HMGCS2 for GSRT, EGS-C, berberine, and palmatine, and
some suppression of CPY2B6 and CYP3A4 was observed, but this generally tracked with the cytotoxic potencies. These initial studies suggest
that goldenseal root extracts do not contain constituents that activate
hepatic receptor AhR, CAR, PXR, FXR, or PPARα in humans.

2604 Protective Effect of Rutaecarpine against

t-BHP-Induced Hepatotoxicity by Upregulating
Antioxidant Enzymes

S. W. Jin1, Y. P. Hwang2, and H. G. Jeong1. 1Chungnam National
University, Daejeon, Korea, Republic of; and 2International
University of Korea, Jinju, Korea, Republic of.
Rutaecarpine, an indolopyridoquinazolinone alkaloid isolated from the
unripe fruit of Evodia rutaecarpa, has been shown to have cytoprotective potential, but the molecular mechanism underlying this activity
remains unclear. Our study aimed to investigate the cytoprotective
effect of rutaecarpine against tert-butyl hydroperoxide (t-BHP) and to
elucidate the in vitro mechanism of action of rutaecarpine in hepatocytes. Rutaecarpine decreased t-BHP-induced reactive oxygen species
production, cytotoxicity and apoptosis in HepG2 cells. Rutaecarpine
increases transcriptional activity of Nrf2 as well as the products of the
Nrf2 target genes hemeoxygenase-1, NAD(P)H:quinone oxidoreductase
1, and glutamate cysteine ligase. Rutaecarpine also enhanced the phosphorylation of Akt and Ca2+/calmodulin-dependent protein kinase-II
(CaMKII). Moreover, the pharmaceutical inhibitor, such as KN-93 (CaMKII
inhibitor) and LY294002 (Akt inhibitor) abolished rutaecarpine-induced
HO-1 expression and cytoprotection. Taken together, our findings identify the CaMKII-PI3K/Akt-Nrf2 cascade as an antioxidant pathway mediating rutaecarpine signaling and leading to expression of antioxidant
enzymes in hepatocytes.
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2600 Inhibitory Effect of Puerarin on High Glucose-

2605 Inhibitory Effects of L-Theanine on Airway

Inflammation in Ovalbumin-Induced Allergic
Asthma

Y. P. Hwang2, J. H. Choi1, S. W. Jin1, Y. C. Chung2, and H. G. Jeong1.
1Chungnam National University, Daejeon, Korea, Republic of; and
2International University of Korea, Jinju, Korea, Republic of.
L-theanine, a water-soluble amino acid isolated from green tea (Camellia
sinensis), is known to exert anti-inflammatory activities, antioxidative
properties, and hepatoprotective effects. However, the anti-allergic
effect of L-theanine and its underlying molecular mechanisms have not
been elucidated. In this study, we investigated the protective effects
of L-theanine on asthmatic responses, particularly airway inflammation
and oxidative stress modulation in an ovalbumin (OVA)-induced murine
model of asthma. Treatment with L-theanine dramatically attenuated
the extensive trafficking of inflammatory cells into the bronchoalveolar
lavage fluid (BALF). Histological studies revealed that L-theanine significantly inhibited OVA-induced mucus production and inflammatory-cell infiltration in the respiratory tract and blood vessels. L-theanine
administration also significantly decreased the production of IgE, monocyte chemoattractant protein-1, IL-4, IL-5, IL-13, TNF-α, and INF-γ in
BALF. The lung weight was decreased after L-theanine administration.
L-theanine also markedly attenuated the OVA-induced generation of
reactive oxygen species and the activation of NF-κB and matrix metalloprotease-9 in BALF. Together, these results suggest that L-theanine
alleviates airway inflammation in asthma, which likely occurs via the oxidative stress-responsive NF-κB pathway, highlighting a novel profile of
L-theanine as a useful therapeutic agent for asthma management.

2608 Effect of Caffeic Acid Phenethyl Ester on

Endothelial Nitric Oxide Synthase Activation in
Endothelial Cells via β-Adrenoceptors

C. Zheng, S. W. Jin, and H. G. Jeong. Chungnam National
University, Daejeon, Korea, Republic of.
Endothelial nitric oxide synthase (eNOS) play a critical role in vascular
share stress and relaxation. Caffeic acid phenethyl ester (CAPE), a flavonoid-like compound, is one of the major components of honeybee
propolis, exhibits anti-oxidative, anti-bacterial, and anti-cancer properties. In this study, we first investigated the vasorelaxation effects of
CAPE in human endothelial cells. CAPE induced eNOS phosphorylation and related to PKA, AKT, ERK1/2, AMPK phosphorylation in cells.
Pretreatment with H-89 (PKA inhibitor), PD98059 (ERK1/2 inhibitor),
LY294002 (AKT inhibitor) and compound C (AMPK inhibitor) suppressed
CAPE-induced eNOS phosphorylation. Furthermore, phosphorylation of
eNOS, PKA, AKT, ERK1/2, AMPK induced by CAPE were obviously inhibited by propranolol, β-adrenoceptor inhibitor. These results indicate
that CAPE may up-regulate eNOS activity by PKA, AKT, ERK1/2 and AMPK
phosphorylation via β-adrenoceptor in human endothelial cells.

2606 Machine Learning and Molecular Modeling

2609 Effect of 3-Caffeoyl, 4-Dihydrocaffeoylquinic

S. Yeguvapalli1, R. Pamanji1, and K. N. Chitrala1,2,. 1Sri
Venkateswara University, Tirupati, India; and 2University of South
Carolina, School of Medicine, Columbia, SC.

S. M. Kim, C. Zheng, S. W. Jin, and H. G. Jeong. Chungnam National
University, Daejeon, Korea, Republic of.

Approach to Predict Novel Therapeutic Targets
in Breast and Colon Cancer for Coumestrol
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pancreas-specific PDI (PDIp) C74A mutants selectively form adducts
with CTA1. Moreover, using an in vitro reduction assay, we found that
the N-terminal CxxC domain of PDI and PDIp is responsible for reducing
CTA. In sum, our analyses identify potential PDI family members that
execute a decisive step during entry of CT into host cells.
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present study, we used machine learning approach to predict novel
Breast and colon cancer constitute one of the most prevalent cancer
types and leading cause of cancer deaths among the females worldwide.
Phytoestrogens have been known to show a key role as natural alternatives to hormone replacement therapy and their potential as a chemotherapeutic agents. Among them, Coumestrol is a major phytoestrogen
abundantly found in soybeans, legumes, brussel sprouts, and spinach
known to show therapeutic efficiencies such as neuroprotective,
anti-bacterial and anti-cancer properties. It induces its therapeutic efficiency in breast as well as colon cancer through the inhibition of protein
kinase CKII activity. Prediction of novel potential targets for Coumestrol
may improve its efficiency as a natural alternative in breast and colon
cancer therapies. In the present study, we used machine learning
approach to predict novel potential targets for Coumestrol. Results from
the search against public domain databases showed 100 targets for
Coumestrol with a role in breast and colon cancer. Among these targets,
top 10 targets were selected based on the scoring function. These 10
targets were screened for ADMET properties. Further, the interactions of
these targets with Coumestrol were analyzed using molecular modeling
approach. In conclusion, the machine learning methods investigated in
the present study provides the basis to improve the lead identification
and optimization efforts.

2607 Thioreductases PDI and PDIp Reduce Cholera
Toxin (CT)

K. He, and B. Tsai. University of Michigan, Ann Arbor, MI.
Cholera toxin (CT) is an AB5 toxin that is produced by the bacterium Vibrio
cholerae. Intoxication of CT can lead to severe diarrhea, dehydration, and
death if untreated. To infect cells, CT via its five ‘B’ subunits (CTB) binds
to the ganglioside receptor GM1 at the plasma membrane and traffics
in a retrograde manner to reach the lumen of the endoplasmic reticulum (ER). In this compartment, CT’s ‘A’ subunit (CTA) separates from
the CTB. In addition, the catalytically active CTA1 domain is released
from the CT holotoxin by reducing the disulfide bond between CTA1and
CTA2 - a critical intoxication step. However, the identity of the thioreductase responsible for this process remains unknown. We hypothesize
that specific protein disulfide isomerase (PDI) family members catalyze
this reduction reaction. Here we screened the ER-resident PDI family
members by employing a “trap-mutant” library, which mutates their
thioredoxin domains from a CXXC domain to CXXA. This mutation on
PDI proteins allows them to form a stable covalent adduct with their
substrates. Interestingly, we found that the PDI N-terminal C56A and

Acid on Endothelial Nitric Oxide Synthase
Activation in Endothelial Cells

Nitric Oxide (NO) is a major vaso-protective mediator produced by
endothelial nitric oxide synthase (NOS), which shows important anti-inflammatory and immunomodulatory action in endothelium. The phenolic compound, 3-Caffeoyl, 4 dihydrocaffeoylquinic acid (CDCQ) isolated from Salicornia herbacea, has been reported anti-oxidative activity
and anti-inflammatory activity. However, the effect of CDCQ on eNOS
activation in endothelial cells has not been performed. This study was
to examine whether CDCQ influences eNOS activity and endothelial
NO production in endothelial cells. CDCQ induced eNOS phosphorylation, expression and NO production in concentration-dependent
manner. Also, CDCQ increased phosphorylation of PKA and CaMKIIα.
Pretreatment with inhibitors of PKA and CaMKIIα suppressed CDCQinduced eNOS phosphorylation and NO production. These results indicate that CDCQ has potent anti-atherosclerosis effect through eNOS
activation via PKA and CaMKIIα.

2610 Inhibitory Effect of Plactycodin D on Endothelial
Dysfunction in Endothelial Cells through the
Regulation of HO-1 Expression

Y. C. Chung2, C. Zheng1, S. W. Jin1, and H. G. Jeong1. 1Chungnam
National University, Daejeon, Korea, Republic of; and
2International University of Korea, Jinju, Korea, Republic of.
Platycodin D (PCD), a triterpenoid saponin, is one the major active components of the roots of Platycodon grandiflorum and possesses multiple
biological and pharmacological properties. However, the effect of PCD
on cell adhesion molecules, involved in vascular inflammation, was not
performed. In this study, we investigated the effect of Platycodin D in
suppressing cell adhesion molecules and its underlying mechanism in
human endothelial EA.hy926 cell. PCD inhibited TNFα-stimulated vascular cell adhesion molecule-1 and intracellular adhesion molecule-1
expression in a concentration-dependent manner. Also, PCD increased
heme oxygenase-1 (HO-1) expression and pretreatment with inhibitors
of Akt, PKA and CaMKIIα suppressed the HO-1 expression induced by
PCD. The suppressing effect of PCD on the TNFα-stimulated cell adhesion molecules was reversed by ZnPP, HO-1 inhibitor. These results
suggest that PCD may induce HO-1 expression via Akt, PKA and CaMKIIα
pathways, which in turn suppress cell adhesion molecules.

Exposure on the Immune and Physiological
Functions of Microglia

E. Wong, N. Lutz, V. Hogan, C. Lamantia, H. McMurray, J. Myers, J.
Ashton, and A. Majewska. University of Rochester, Rochester, NY.
The prevalence of fetal alcohol spectrum disorder (FASD) is 1%-7%
worldwide. Patients have life-long cognitive disability, including
impaired learning and memory. Unfortunately, how gestational ethanol
(EtOH) permanently changes brain function is still poorly understood.
We show that visual cortex neuronal networks in adolescent mice
exposed to EtOH during the human third trimester equivalent have a
reduced ability to remodel in response to an experimentally induced
change in visual experience. We next investigated whether the physiological and/or immune functions of microglia could be altered by developmental EtOH, thus contributing to the observed plasticity defect.
Microglia are the brain’s resident immune cells, responding acutely to
pathological insults. Microglia are also critical for enabling plasticity in
the healthy brain. They have motile processes that contact and influence the remodeling of excitatory synapses. To assess the physiological
behavior of microglia after developmental EtOH exposure, we evaluated
microglial morphology, density, distribution, motility, dynamic contacts
with excitatory synapses, and structural remodeling rates of synapses.
We probed the transcriptome of microglia isolated from adolescent
visual cortex for differences in gene expression. To evaluate immunological activity, we induced a focal tissue injury and quantified the
migratory response of adolescent visual cortical microglial processes
toward the injury. Surprisingly, adolescent microglia exhibited normal
physiological functions and no differences in gene expression after
developmental EtOH. No differences in microglial-synapse contacts or
excitatory synapse remodeling were observed. However, prior EtOH
exposure elicited a more robust migratory response of microglia toward
tissue injury compared to the response in control mice. We conclude
that the observed EtOH-induced deficit in neuronal network remodeling
occurs independently of changes in the baseline physiological functions
of microglia, but that early EtOH impacts how adolescent microglia
respond to a secondary immune challenge.

2612 Differential Dose Effects from Chronic Taurine
Exposure in Adolescent C57BL/6J Mice

J. Weimer, L. Massie, Y. Villalona, C. Marczinski, and C. Curran.
Northern Kentucky University, Highland Heights, KY.
Taurine is an amino acid found in high concentration in energy drinks
and has shown some benefit as a neuroprotectant in the aged brain.
However, our previous work and the work of others suggest that highdose taurine can be neurotoxic. In our initial studies, we found sex differences with males have the greatest deficits in spatial and non-spatial learning and memory. We followed up those findings with a dose
response study: providing 0, 0.06% or 0.12% taurine in drinking water
beginning at P28 until early adulthood. Here we report findings from
tests of anxiety, social recognition and alcohol preference, because
human studies have shown that energy drinks can increase alcohol
consumptions. Both groups of taurine mice buried more marbles than
control mice, which is a general indicator of anxiety. However, the differences were not statistically significant. In a standard 3-chambered test
of socialization and social recognition, the low-dose taurine mice spent
the shortest amount of time in the chamber with a stranger mouse (P
= 0.099). But the high-dose taurine mice spent the least time exploring
the chamber with a new stranger mouse in the second phase of the test.
We used a standard alcohol preference test with the concentration of
alcohol increasing over several days. Low-dose taurine mice drank significantly more alcohol than control mice in the first phase (P= 0.44) and
there was a trend for higher consumption in the second phase (P = 0.78).
Both taurine-treated groups consumed more alcohol than controls in
the final phase, but the differences were not statistically significant ( P
=0.105). (Supported by ES020053 and GM103436)

2613 The Cognitive Effects of Chronic Taurine

Exposure in C57BL/6J Mice: A Dose-Response
Study

L. Massie, J. Weimer, Y. Villalona, and C. Curran. Northern Kentucky
University, Highland Heights, KY.
The amino acid taurine has shown positive effects on the cardiovascular
system, nervous system, and immune system when absorbed from a
normal diet; however, energy drinks often contain high levels of taurine
that could exceed recommended limits. While little research has been
conducted on the effects of taurine supplements, our previous studies
have shown learning and memory deficits in adolescent mice chron-

ically treated with 0.12% taurine in drinking water. The greatest deficits
were seen in male mice. To follow up on these studies, we conducted a
dose-response study using 0, 0.06, and 0.12% taurine in male and female
C57BL/6J mice. Mice were treated from postnatal day 28 (adolescence)
through completion of behavioral testing (early adulthood). Our behavioral battery includes three tests of behavior and three tests of learning
and memory. Here were report results of tests of spatial and non-spatial learning and memory. We found significant deficits in non-spatial
learning and memory (P < 0.05) in the Novel Object Recognition test at
both doses used; however, we found relatively few differences in spatial
learning and memory in the Morris Water Maze. We found a significant
sex * treatment interaction in the Reverse Phase, but the trend was the
opposite of our original findings. Males on high-dose taurine out-performed low-dose taurine mice and controls. The high-dose males
also performed significantly better than high-dose females (P < 0.01).
Together, both studies suggest caution when consuming high quantities of energy drinks during adolescence and early adulthood despite
improved performance on some cognitive tests. (Supported by ES020053
and GM103436)

2614 Domoic Acid Exposure during a Critical Period in
Development Causes Myelination Deficits and
Alters the Startle Response

J. M. Panlilio1,3,2, N. Aluru3,2,, and M. E. Hahn3,2,. 1MIT/WHOI
Joint Graduate Program in Oceanography and Oceanographic
Engineering, Woods Hole, MA; 2Woods Hole Center for Oceans and
Human Health, Woods Hole, MA; and 3Woods Hole Oceanographic
Institution, Woods Hole, MA.
Harmful algal blooms (HABs) can release toxins that accumulate in
seafood and affect human health. While regulations prevent the harvest
of seafood with concentrations causing acute toxicity, emerging
research shows that low-dose exposures during early development can
have detrimental effects on nervous system function. This study seeks
to identify effects of low doses of the HAB toxin domoic acid (DomA)
during critical periods in development. Using zebrafish as a model, we
characterized the effects of DomA on myelin- a structure necessary for
rapid signaling in the central nervous system-and behavior. Larvae were
exposed to DomA (0.14 -0.2 ng) via caudal vein microinjections during
key neurodevelopmental periods: secondary neurogenesis and oligodendrocyte precursor specification (1 dpf), oligodendrocyte differentiation and axon wrapping (2 dpf), and after nervous system organization
(4 dpf). Myelin sheath formation was assessed using the transgenic fish
line, tg(mbp:EGFP-CAAX), which has EGFP localized to myelin. Exposure
to DomA at 2 dpf, but not at 1 or 4 dpf, altered EGFP expression, a proxy
for myelin sheaths. DomA exposure at 2 dpf caused a range of myelination deficits - from the absence of myelin sheaths along the spinal
cord (8-23%) to thinning of the sheaths (57-72%). Myelin deficits were
visible as early as 3 dpf, when the first sheaths form, and persisted until
at least 8 dpf, indicating that myelin formation is perturbed and does
not recover by 8 days. DomA exposed larvae also exhibited an impaired
startle response, with a reduction in bend angles and slower angular
velocities (p < .0001). We did not observe any myelination defects or
behavioral phenotypes in larvae exposed to DomA at 4 dpf, a time point
after the onset of myelination, suggesting that DomA does not affect
established sheaths, but rather may perturb the formation of nascent
myelin itself. Further analyses of the molecular mechanisms governing
myelin alterations are under way. Determining how DomA exposure
affects myelination and behavior will provide a mechanistic understanding of how DomA alters neurodevelopment and support hazard
assessments for low-dose DomA exposures in developing humans.
(P01ES021923, OCE-1314642)

2615 PFOS Increases Neuronal Vulnerability to

Excitotoxicity via Decrease of AMPA Receptor
Subunit GluR2 Expression

K. Ishida1,2,, Y. Kotake1, Y. Tsuyama1, S. Sanoh1, and S. Ohta1.
1Hiroshima University, Hiroshima, Japan; and 2JSPS Research
Fellow, Tokyo, Japan. Sponsor: G.-W. Hwang.
Perfluorooctane sulfonate (PFOS) has been widely used in products such
as fire-fighting foams, surfactants and so on. Glutamate receptors play
important roles in the central nervous system, however over-activation
of glutamate receptors triggers neuronal death. GluR2 is an AMPA type
glutamate receptor subunit, and AMPA receptor not containing GluR2
subunit is Ca2+-permeable and increases the neuronal vulnerability to
excitotoxicity. Some studies have reported PFOS-induced neurotoxicity
in animals and neuronal cells. However, the molecular mechanisms
of PFOS-induced neurotoxicity via Ca2+-permeable AMPA receptors
have not been clarified. In the present study, we examined changes in
GluR2 expression and related neurotoxicity in vitro and in vivo. First, rat
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2611 Differential Impacts of Developmental Alcohol

primary cortical neurons were exposed to 1 μM PFOS for 9 days and
which resulted in decreased GluR2 expression and enhanced vulnerability to glutamate by increasing intracellular Ca2+ concentrations. Next,
pregnant rats (Wistar/ST) were orally administered 2 mg/kg PFOS daily
from gestation day 11 to 20 and then PFOS concentrations in tissues and
GluR2 expressions in brain were measured at postnatal day 4. Although
there were no differences in liver-plasma ratio of PFOS between dams
and pups, the brain-plasma ratio of PFOS in pups was approximately five
times higher than that in dams. Moreover, GluR2 expression in pup cerebral cortex, hippocampus, and cerebellum was decreased by exposure
to 2.0 mg/kg PFOS, and shrunken neurons were observed after kainic
acid (glutamate analog) injection at non-toxic level in PFOS-exposed
pups. In summary, exposure to PFOS induced a decrease in GluR2
expression that enhanced neuronal vulnerability to excitotoxicity both
in vitro and in vivo. Our findings raise the possibility that decreases in
neuronal GluR2 may be involved in PFOS-induced neuronal vulnerability, especially during developmental periods.

2616 The Fungicide Anilazine Acts as a Thyroid

Hormone Agonist in the Developing Tadpole
Brain

C. K. Thompson. Virginia Tech, Blacksburg, VA.
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Thyroid hormone plays an important role in brain development, and evidence shows that certain compounds used in industrial, consumer, and
agricultural products can disrupt thyroid hormone signaling, with severe
consequences for behavior. The EPA’s Toxicity Forecaster (ToxCast)
program has evaluated nearly 2,000 compounds for their effects on
thyroid hormone signaling using a high-throughput cell-based system.
The ToxCast dataset identified several compounds as potential thyroid
hormone disrupting compounds, one of which is anilazine (aka Dyrene),
a triazine fungicide that is largely been phased out but until recent
years had been used on turf and fruit and vegetable crops. The current
project has assessed the effects of anilazine on the development of the
visual system in Xenopus laevis tadpoles, which serve as useful models
for better understanding thyroid hormone disruption because they are
acutely sensitive to changes in thyroid hormone signaling. In addition,
their external development allows for manipulation and observation
of the early stages of brain development which are relatively inaccessible for study in mammalian systems. To assess the effects of anilazine,
stage 46 tadpoles (6-7 days post fertilization) were placed into one of
five groups: control bath, thyroxine bath (15 µg/L), and three concentrations of anilazine (1.8 µM, 180 nM, 18 nM) for four and seven days.
All concentrations of anilazine induced a significant increase relative to
control tadpoles in the width to length ratio in the optic tectum, comparable to treatment with thyroxine. Anilazine also significantly increased
the rate of proliferation of neural progenitor cells in the optic tectum relative to control tadpoles. Last, anilazine significantly decreased tadpole
body length relative to control tadpoles, indicative of initiation of metamorphic-like processes. Ongoing experiments are assessing the effects
of anilazine on expression of thyroid hormone-sensitive genes in the
developing brain. These results are consistent with the ToxCast data
indicating that anilazine acts as a thyroid hormone agonist. This suggests that exposure to anilazine has the potential to significantly impact
cellular events necessary for normal brain development. Future experiments will assess the impact of anilazine on cellular differentiation and
dendritic arborization in the tadpole visual system using in vivo imaging
techniques.

propylthiouracil (PTU) to induce hypothyroidism at four distinct gestational windows. The presence and size of the heterotopia was quantified
in the offspring, in addition to serum TH levels across multiple developmental stages. We show that five days of PTU treatment during the perinatal period (GD19-PN2) is both sufficient and necessary for heterotopia
formation. Beginning in the early postnatal brain, we find that mature
neurons begin to collect in the periventricular space of treated animals.
Quantitative gene expression analyses during these stages show significant changes in a suite of genes, including downregulation of Spred1,
a negative regulator of Ras-MAPK-ERK signaling. Others have shown
that transient downregulation of Spred1 in the mouse brain results in a
heterotopia by increasing stem cell self-renewal and progenitor proliferation in the ventricular zone. Consistent with these findings, we also
see upregulation of Pax6, a marker of neural progenitors. These data
indicate that acute TH disruption induces a cortical malformation, and
suggest a functional role between hypothyroidism and dysregulation
of neural progenitors in the developing brain. These results will be used
in qAOP development, and in interpretation of high throughput models
of neurodevelopment for risk-based decision making. Does not reflect
US EPA policy.

2618 Developmental Exposure to Perfluorohexane

Sulfonate (PFHxS) Induces Hypothyroxinemia in
Rat Dams and Offspring: Examination of Thyroid
Gland and Behavior

L. Ramhøj1, U. Hass1, J. Boberg1, C. Wood2, M. E. Gilbert2, and M.
Axelstad1. 1Technical University of Denmark, Søborg, Denmark;
and 2US EPA, Research Triangle Park, NC.
Thyroid hormones (TH) are critical for normal mammalian brain development. In humans, low maternal serum thyroxine (T4) levels are
associated with neurological deficiencies and cognitive impairment.
Perfluorinated chemicals are widely distributed xenobiotics with
varying effects on TH. In this study, perfluorohexane sulfonate (PFHxS,
0, 0.05, 5 or 25 mg/kg/day) was administered (p.o.) to Wistar rat dams
(n = 20/dose group) from gestation day (GD) 7 through postnatal day
(PND) 22. Maternal serum T4 was reduced to 80 and 60 % of control
by GD 15 in the 5 and 25 mg/kg/day dose groups. Further reductions
to 60 and 30 % of control were evident by PND 22. Serum T4 in offspring assessed on PND16/17 was reduced to 70 and 55 % of control
in these same dose groups. No signs of overt toxicity were observed in
the dams or the pups. Liver weights were not affected in the dams or
male pups on PND 16, with mild increases (3-6%) detected in the female
pups on PND 17 at 5 and 25 mg/kg/day. Despite reductions in serum
TH, thyroid gland weights were not increased in dams or pups. Neither
were the transcriptional levels of Tpo, Nis, Nkx2 or TshR altered in the
thyroid gland of pups suggesting a lack of activation of the hypothalamic-pituitary-thyroid axis. Motor activity assessed on PND 27 and PND
115 (n=15-19/dose/sex/age) was only nominally affected. No increases
in thyroid gland weight and unaltered gene transcription suggest that
the thyroid gland is not a direct target for PFHxS-induced hypothyroxinemia. Modest changes in liver weight also fail to implicate upregulation
of hepatic metabolism as a target of PFHxS. Further investigations of the
mechanisms whereby PFHxS reduces serum TH, its toxicological profile,
and its potential to induce developmental neurotoxicity are warranted.
Does not reflect US EPA policy.

2619 Cortical Brain Malformation and Learning
2617 Transient Maternal Hypothyroidism Alters
Neural Progenitor Expression Resulting in
Abnormal Brain Development

O’Shaughnessy1,3,,

Thomas3,

Kosian2,

Degitz2,

K.
S.
P.
S.
and M.
Gilbert3. 1Oak Ridge Institute for Science and Education, Oak
Ridge, TN; 2US EPA, Duluth, MN; and 3US EPA, Research Triangle
Park, NC.
Heterotopias are a birth defect of the brain and have varying etiologies
in humans. They are characterized as clusters of mislocalized neurons,
and are associated with disorders such as autism, epilepsy, and learning
disabilities. We have previously characterized the robust penetrance of
a cortical heterotopia in a rat model, induced by low/moderate levels of
thyroid hormone (TH) disruption during neurodevelopment. Because
of the reproducible and dose-dependent nature of this defect, it represents an ideal anatomical abnormality to build a quantitative adverse
outcome pathway (qAOP). However, little is known about the cellular
and molecular mechanisms that link decreased TH to this adverse phenotype. To elucidate these key events we first determined the precise
period of TH sensitivity. Our ongoing work has demonstrated that prenatal TH insufficiency is necessary for heterotopia formation (see Gilbert
et al.); thus, we treated pregnant rats with a moderate dose (10 ppm) of

Impairments Induced by Developmental Thyroid
Hormone Insufficiency: A Cross-Fostering Study

M. E. Gilbert2, R. L. Ford2, S. Thomas2, S. Spring2, W. Oshiro2, P.
Kosian1, J. Ford2, and S. Degitz1. 1US EPA, Duluth, MN; and 2US EPA,
Research Triangle Park, NC.
Although it is clear that severe reductions in thyroid hormones (TH)
during development alter brain structure and function, the impact of
low level, timing, and duration of TH insufficiency is less well understood. We have previously reported the presence of a cortical heterotopia accompanied by learning deficits in adult rats exposed in utero and
throughout lactation to the TH synthesis inhibitor 6-propylthiouracil
(PTU). The present study was designed to determine whether exposure
limited to the prenatal or postnatal period is sufficient, or if both are
required for these neurotoxic outcomes. Pregnant rats were administered PTU via drinking water (0 or 3 ppm) from gestational day (GD) 6
to postnatal day (PN) 14. On PN2, half of the offspring from each control
litter was cross fostered to a PTU-treated dam to nurse (CON-PTU); half
of each PTU exposed litter was fostered to a control dam (PTU-CON). This
scheme created four treatment groups: pups receiving PTU only prenatally (PTU-CON), only postnatally (CON-PTU), throughout development
(PTU-PTU), or control only (CON-CON). Blood was sampled from dams
during pregnancy, lactation and at weaning for TH and PTU analysis.

2620 Metabolic Pathway Analysis of Prenatal

Combined Exposure to Heavy Metals and
Phthalates Related to Child Motor Development

D. Sarigiannis1, K. Polanska2, W. Hanke2, A. Salifoglou1, A. Gabriel1,
N. Papaioannou1, E. Handakas1, and S. Karakitsios1. 1Aristotle
University of Thessaloniki, Thessaloniki, Greece; and 2Nofer
Institute of Occupational Medicine, Lodz, Poland.
Phthalate and heavy metals (Pb and Hg) prenatal exposure was determined measuring 11 phthalate metabolites in urine, Pb in blood and
Hg in hair of (n=149) mothers during the third trimester of pregnancy
(prenatal exposure) and from their children at the 24th month of age
(postnatal exposure). Urine untargeted metabolomics analysis was also
carried out on a Thermo Orbitrap LC/MS-MS. Psychomotor development was assessed in children at the age of 2 using the Bayley Scales
of Infant and Toddler Development. Associations were investigated
using the linkage disequilibrium method of exposome-wide association studies (EWAS), while perturbed metabolic pathways were investigated with Mass Profiler Pro (Agilent Technologies). Exposure levels
to phthalates and metals were far below the respective biomonitoring
equivalent values, while from the EWAS analysis, it was found that child
motor development was inversely associated with log concentrations
of 3OH-MnBP (log10p=1.6), 5OH-MEHP (log10p=1.9), and the sum of
DEHP (log10p=1.7) and DnBP (log10p=1.7) metabolites, in the urine,
as well as the Pb (log10p=2.3) in blood and the Hg (log10p=1.9) in hair
collected from mothers. With regard to post-natal exposure, the only
statistically significant associated association was the inverse correlation
of Hg (log10p=1.9) in hair and cognitive functions for females. Metabolic
pathway analysis revealed that alterations in selected phthalates urine
metabolites, are related to the TCA cycle, suggesting impaired mitochondrial respiration, a process central to energy metabolism and
cellular signalling. The latter is enhanced by metal-induced oxidative
stress. Defective mitochondrial energy production during the process of
fetus formation and development is reflected in early life motor development. The key finding of the study is that although phthalates and
metals affect mitochondrial respiration through different mechanisms
(endocrine disruption and oxidative stress respectively), their synergism
is essential for the induction of neurodevelopmental defects.

2621 Influence of Genetic Variation on the Behavioral

and Molecular Response to Developmental Lead
Exposure

M. Verma, D. Anderson, and J. Schneider. Thomas Jefferson
University, Philadelphia, PA.
Various intrinsic (ex., differences in absorption, retention, and elimination and genetic modifiers of toxicokinetics) and extrinsic factors (ex.,
poor diet, low calcium, iron, and/or zinc levels) may modify an individual’s sensitivity to developmental lead (Pb). We previously hypothesized
that intrinsic genetic variations may not only influence the sensitivity
to Pb intoxication but intrinsic genetic factors may also influence the
outcomes from Pb exposure. In addition to factors such as sex, developmental timing of exposure, and level of exposure, genetic background
significantly influences gene expression in the brain in response to
developmental Pb exposure. Using gene microarray profiling to identify
Pb-responsive genes in rat hippocampus, 978 transcripts were differentially expressed in Long Evans (LE) rats across all experimental groups,
269 transcripts were differentially expressed in Fischer 344 rats, and only
179 transcripts were differentially expressed in Sprague Dawley (SD)
rats. The present study examined the extent to which strain-dependent
differences in gene expression in response to Pb are also expressed as
strain-dependent differences in cognitive outcomes from Pb exposure.
Rats (LE and SD) were fed control chow or chow containing Pb (150 ppm
Pb-acetate) perinatally (PERI, gestation through weaning) or during the
early postnatal period (EPN, birth through weaning). Cognitive testing
on a trace fear condition associative learning and memory task began

at postnatal day 55 and consisted of 1 day of acquisition training and 3
post training test times (1, 2 and 10 days) to assess memory consolidation and recall. All animals, regardless of sex, developmental window of
Pb-exposure, or strain successfully acquired the conditioned-unconditioned stimulus association during training. In LE rats, there was a significant sex and timing of exposure-dependent impairment in memory
consolidation and recall observed at 48hrs and 10 days after acquisition.
In contrast, no memory consolidation or recall deficits were observed in
any of the SD rats. These data show the influence of genetic background
in modifying not only the brain’s response to developmental Pb exposure but in modifying the functional behavioral outcomes from that
exposure. Continuing research is exploring potential molecular mechanisms underlying this influence of genetic diversity as an effect modifier
of developmental Pb exposure. (Supported by NIH grant R01-ES015295)

2622 A Possible Mechanism Underlying Cadmium-

Mediated Perturbation of Neurodevelopment

C. Heck, E. Cook, A. Green, M. Bereman, T. Nash, A. Planchart, and
C. Mattingly. North Carolina State University, Raleigh, NC.
Cadmium (Cd) is a ubiquitous environmental toxicant that has been
implicated in the pathogenesis of diabetes, cardiovascular disease and
neurological dysfunction. Zebrafish (Danio rerio) were used to examine
the mechanisms underlying Cd effects on neurological development.
Exposure to 60 ppb Cd from four hours post-fertilization (hpf) resulted in
hyperactivity-like behavior in zebrafish embryos and larvae as measured
by photomotor and locomotor assays at 30 hpf and five days post-fertilization, respectively. In order to identify possible mechanisms underlying
Cd-mediated behavioral changes, we conducted a proteomic screen at
48 hpf. Cd exposure resulted in a 2.4-fold induction (p = 0.018) of the
fragile X mental retardation protein (Fmr1). Hypermethylation of a CGG
expansion in the 5’ untranslated region of the human FMR1 gene results
in silencing of protein expression and Fragile X Syndrome, an intellectual disorder on the autism spectrum. Decreased expression of FMR1 is
also associated with hyperactivity and behavioral abnormalities in mice
and humans. Little is known about the effects of Fmr1 overexpression or
the potential for environmental exposures to influence expression of
this gene. Genomic analysis revealed a highly conserved CG-rich region
in the 5’ UTR of the zebrafish fmr1 gene. Because Cd exposure causes
global hypomethylation, we hypothesized that Fmr1 upregulation
may result from hypomethylation of fmr1 regulatory regions. Cd exposure led to upregulation of fmr1 transcript at 29, 36, 41 and 48 hpf and
decreased DNA methylation levels in zebrafish embryos. Future studies
include more granular assessment of Cd-mediated upregulation of fmr1
transcript and protein as well as specific analysis of methylation levels in
the CG-rich 5’ UTR by pyrosequencing. These studies will provide new
insights into environmental influences on fmr1 expression and consequences of its upregulation for neurodevelopment.

2623 Methylmercury Exposure in Adolescence

Decreases Genome-Wide Transcription in the
Mouse Prefrontal Cortex and Diminishes the
Impact of Delayed Reinforcement

S. R. Boomhower1, S. V. Bach2, J. J. Day2, and M. C. Newland1.

1Auburn University, Auburn, AL; and 2University of Alabama at

Birmingham, Birmingham, AL.

The long-term epigenetic and behavioral impact of exposure to methylmercury (MeHg), an environmental neurotoxicant, during adolescence has not been adequately explored. Male C57Bl/6n mice were
given drinking water containing 0, .3, and 3 ppm MeHg (n = 12 in each,
representing 12 litters). Exposure lasted from postnatal day 21 to 60,
the murine adolescent period. Genome-wide directional poly(A)+ RNA
sequencing was performed on prefrontal-cortex samples from a separate cohort of animals exposed to 0 ppm (n = 7) and 3 ppm MeHg
(n = 7) during adolescence. As adults, lever-pressing was maintained
under a series of fixed-ratio (FR) schedules of reinforcement for sweetened-condensed milk. The response-to-reinforcer ratio increased within
a session: FR 1, 5, 15, 30, 60 and 120. Responding was analyzed using
Mathematical Principles of Reinforcement, a theoretically-driven model
of reinforcement-based learning whose parameters reveal information
about motor function, reinforcer efficacy, and the effects of delayed
reinforcement. Adolescent MeHg exposure decreased estimates of
minimum response time thereby increasing maximum response rates.
MeHg also increased saturation rate, indicating that temporally distal
responses were less likely to be strengthened by reinforcement. Further,
adolescent MeHg exposure suppressed expression of fourteen genes,
including a number of genes underlying signal transduction, learning,
and motor function (e.g., Arl4d, Btg2, Arc, and Fos). Adolescence represents a vulnerable developmental window for long-lasting behavioral
and epigenetic effects of neurotoxicant exposure.
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Pups were sacrificed postnatally and in adulthood, with blood collected
for TH and PTU measurements and brains collected for detection of a
cortical heterotopia. Learning was assessed in adult male and female
offspring using a trace fear conditioning paradigm. Serum TH was
reduced in dams and pups but recovered on termination of exposure.
We show the permanent presence of a heterotopia in brains of both
sexes in animals exposed to PTU prenatally (PTU-CON and PTU-PTU), but
not in controls (CON-CON) or those receiving PTU only during the postnatal period (CON-PTU). In contrast, impairment in fear conditioning
was limited to male offspring, and only observed in animals exposed
throughout neurodevelopment (PTU-PTU). These findings indicate that
cortical heterotopia formation requires TH insufficiency during the gestational period and that functional deficits appear independent of the
presence of this cortical malformation. Does not reflect US EPA policy

2624 Cell Type-Specific Effects of Developmental
MeHg-Induced Neurotoxicity in Zebrafish

J. K. Larson, J. Schuld, K. R. Svoboda, M. D. Laiosa, R. H. K. H.
Klingler, and M. J. Carvan. University of Wisconsin-Milwaukee,
Milwaukee, WI.
Methylmercury (MeHg) is a ubiquitous environmental toxicant that has
been shown to cause neurobehavioral defects in vertebrates. However,
the cellular and molecular mechanism(s) responsible for MeHg-induced
neurotoxicity remains unclear. This laboratory has shown that developmental MeHg exposure in zebrafish elicits hyperactivity and visual
deficit–phenotypes which also have been observed in humans. The
objective of the current study is to elucidate the mechanism(s) of
developmental MeHg-induced neurotoxicity. Experimental approach
included identifying anatomical abnormalities using transgenic
zebrafish expressing GFP in various cell populations coupled with fluorescence-activated cell sorting cytometry (FACS) and RNA-seq to identify cell-specific signatures of dysregulated gene expression. Transgenic
zebrafish whereby GFP is expressed in either secondary spinal motor
neurons (SSMN; Tg[isl1:GFP]), blood vessels (Tg[fli1a:GFP]), or excitatory
(Tg[alx:GFP]) or inhibitory (Tg[glyt2:GFP]) spinal interneurons were
exposed to MeHg (0 or 30 nM) from 4-24 hours post-fertilization (hpf),
reared to 72 hpf in clean E2 medium, and then prepared for microscopy.
MeHg-exposed zebrafish revealed trajectory errors and stalls in SSMN
axons, which innervate the dorsal musculature, and disrupted patterning
of intersegmental blood vessels, compared to controls. MeHg exposure
did not impact structural development of excitatory or inhibitory spinal
interneurons. These results suggest that developmental MeHg exposure disrupts both central nervous and vascular system development
in zebrafish via a potentially common mechanism. RNA-seq from FACS
purified cells (> 95% purity) are currently in progress and will be used to
identify cell-specific molecular mechanisms of MeHg-induced neurotoxicity in the context of an in vivo model of human health.

2625 Microbial Colonization is Required for Normal
Neurobehavioral Development in Zebrafish

Phelps2,
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D.
N. Brinkman1, S. Keely1, D. Hunter2, A. Gearhart2, D.
Betancourt2, C. Wood2, and T. Tal2. 1US EPA, Cincinnati, OH; and
2US EPA, Research Triangle Park, NC.
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Host-associated microbiota are a dynamic system that shapes organismal development. There is growing evidence that microbiota modify
the toxicokinetics and/or toxicodynamics of environmental chemicals.
To delineate the neurobehavioral consequences of microbial colonization, we explored differences in swimming behavior between sterile
(axenic), conventionalized (sterile zebrafish colonized with bacteria
at 1 day post fertilization (dpf)) and conventionally raised zebrafish
larvae using a standard locomotor assay consisting of alternating light
and dark periods. 16S ribosomal DNA sequencing confirmed sterility
in axenic zebrafish and showed that conventionalized or conventionally raised zebrafish display diverse bacterial communities dominated
by Bacteriodetes and Proteobacteria phyla. At 10 dpf, axenic zebrafish
display significant hyperactivity as compared to conventionalized controls. Conventionally raised zebrafish exposed to the antibiotics amphotericin B, kanamycin, and ampicillin during development also exhibited
hyperactivity at 10 dpf. To determine whether there is a developmental
requirement for microbial colonization, axenic embryos were conventionalized on 1, 3, 6, or 9 dpf. Hyperactivity was blocked in larvae conventionalized on 1, 3, or 6 dpf, but not on 9 dpf. To determine whether these
data coincide with microbial colonization of the gut, axenic embryos
were colonized with a fluorescent strain of bacteria (A. veronii:dTomato)
at 1 dpf. Colonization commenced upon hatching from the chorion and
reached the full extent of the gut by 4 dpf. These data show that microbial colonization is required for normal neurobehavioral development
and raise the intriguing possibility that neurobehavioral toxicants might
also act through a mechanism related to altered bacterial colonization
of the gut during development. This abstract does not necessarily reflect
US EPA policy.

2626 Pax Gene Expression during Zebrafish

Neurogenesis in Response to Arsenic Exposure

R. Babich, and R. J. Van Beneden. University of Maine, Orono, ME.
Sponsor: J. Gosse.
Arsenic is a heavy metal found naturally in aquatic ecosystems and has
been widely studied for its carcinogenic effects on humans. Arsenic
exposure has also been reported to have an effect on fish neurogenesis
resulting in deformed larval phenotypes, including spinal and cranial
malformations. This has stimulated interest in the neurological effects
of low-dose arsenic poisoning during embryonic stages that is not yet

fully understood. In this study we are using the zebrafish (Danio rerio), to
test for disruption of the CNS and eye development through expression
of pax6 box genes. Pax genes are highly conserved and are known to
regulate activation of genes associated with development of the brain,
spinal cord, pancreas, and eye during embryological stages. Zebrafish
embryos exposed directly after fertilization to 500 ppb arsenic exhibited
increased spinal curvature and abnormal facial and cranial structures
compared to controls at 48 hpf. In situ hybridization of Pax6a provided
insight that the gene was downregulated in response to arsenic at 48
hpf. Initial real-time PCR analysis showed a down regulation of Pax6a at
32 and 48 hpf with arsenic exposure. Further analysis by real-time PCR
and protein quantification of Pax6a in response to arsenic is in progress.
The long-term goal of this study is to understand how arsenic exposure
affects Pax6 and other genes in the neurogenic network during early
development. Results from this study can provide crucial information
for understanding the effects of arsenic on human fetal and early development.

2627 The Anti-Rheumatic Drug, Leflunomide, Alters
Zebrafish Behavior

E. Cook, A. Planchart, and C. Mattingly. North Carolina State
University, Raleigh, NC.
Leflunomide is a drug commonly used to treat rheumatoid arthritis.
Its therapeutic effects are attributed to its metabolite, teriflunomide,
which inhibits an enzyme important in de novo pyrimidine biosynthesis
and T cell function. In addition, leflunomide activates the aryl hydrocarbon receptor (AHR), a receptor important for drug metabolism, but
also implicated in the toxicity of some of its ligands. Previous studies
have shown that leflunomide also interferes with neural crest cell function, leading to a lack of melanin. Melanin and the neurotransmitter,
dopamine, are derived from tyrosine and because of this connection,
we hypothesized that leflunomide might also have neurological effects.
Our studies utilized zebrafish, a powerful toxicological and neurodevelopmental model. We showed that leflunomide downregulated tyrosine
hydroxylase, an enzyme involved in metabolizing tyrosine to dopamine.
Behavioral studies indicated that zebrafish exposed developmentally
to leflunomide have dampened responses to cycles of light and dark
stimuli compared to unexposed controls. This effect was not abrogated
by the inactivation of the gene encoding the aryl hydrocarbon receptor
2 (Ahr2). Furthermore, adult zebrafish exposed to low levels of leflunomide (500nM) exhibited anxiety-like behavior, as measured in a novel
tank assay, when compared to unexposed controls. These findings
suggest that leflunomide may affect dopaminergic biology. In future
studies the levels of dopamine will be determined using HPLC and a
behavior rescue will be attempted with L-DOPA, the precursor to dopamine. In addition, we will use fish in which Ahr1 paralogs have been
knocked out to determine whether they modulate leflunomide-mediated behavioral changes.

2628 Low-Level Embryonic Exposure to Flame

Retardants and Related Compounds Causes
Neurobehavioral Impairment in Zebrafish

L. Glazer1, S. Tharwani2, M. Eaton3, S. Avva4, and E. D. Levin1. 1Duke
University, Durham, NC; 2Emory University, Atlanta, GA; 3Kentucky
State University, Frankfort, KY; and 4North Carolina School of
Science and Mathematics, Durham, NC.
Flame retardants (FRs) are widely used in home furnishings and electronics. FRs are not chemically bound to products, and thus continuously leach out into the surrounding air and dust, resulting in ubiquitous
human exposure to low levels in indoor and outdoor environments.
Moreover, exposure is higher in toddlers and children due to crawling
and hand-to-mouth contact. Organophosphate (OP) FRs have recently
replaced the neurotoxic brominated FRs in many consumer products.
Thus, in this study we are testing whether developmental exposure to
low levels of as many as ten different OPFRs causes neurotoxicity that
results in early- and/or later-life behavioral impairment. In addition, we
included related compounds with known neurotoxicity, namely the OP
pesticide chlorpyrifos and two brominated FRs. Zebrafish embryos are
exposed to low concentrations of individual chemicals at 5-120 hours
post fertilization (hpf), when they are transferred to non-dosed water.
At 144 hpf the larvae are tested for locomotor activity in response to
alternating light and dark conditions. To determine the long-term
effects, developmentally exposed adult zebrafish are tested in a behavioral battery including assays for anxiety-related behavior, sensorimotor
response and habituation, social interaction, predator avoidance, and

2629 PCB 95-Induced Behavioral Deficits in Zebrafish
Larvae is Dependent on mTOR Activation

G. W. Miller, D. F. Frank, M. L. Koch, and P. J. Lein. University of
California Davis, Davis, CA.
Despite being banned since the late 1970s, polychlorinated biphenyls
(PCBs) remain persistent environmental toxicants that pose significant
risk to the developing nervous system. We recently demonstrated that
the non-dioxin-like PCB 95 alters neuronal connectivity by promoting
dendritic arborization in cultured hippocampal neurons via ryanodine
receptor (RyR)-mediated, transcriptionally driven mechanisms. PCB 95
also causes abnormal behavioral phenotypes in zebrafish larvae in a
RyR-dependent manner. PCB 95 sensitization of RyR requires FKBP12,
and interestingly, FKBP12 also regulates mechanistic target of rapamycin (mTOR). The mTOR signaling pathway enhances dendritic growth
via translational mechanisms. Based on these observations, we hypothesize that mTOR signaling contributes to the developmental neurotoxicity of PCB 95. To test this hypothesis, wild-type zebrafish embryos were
treated with PCB 95 (2,2’3,5’6-pentachlorobiphenyl, 0.3 - 10 μM) in the
absence or presence of mTOR modulators. Exposure to 10 μM PCB 95
from 6 - 120 hours post fertilization (hpf) increases swimming behavior
at 72 hpf and decreases activity at both 96 and 120 hpf. Simultaneous
exposure to the mTOR inhibitors rapamycin (0.1 μM) or FK-506 (0.03
μM) blocked the effects of PCB 95 on behavior. A significant decrease
in transcript levels of RAPTOR (a component of the mTOR complex 1)
coincided with PCB 95 effects on behavior at 120 hpf, and this effect on
RAPTOR transcription was ameliorated by co-exposure to mTOR inhibitors. These data not only identify a novel mTOR-dependent mechanism
contributing to the developmental neurotoxicity of PCBs, but since
mutations in mTOR signaling pathways are thought to play a role in
many neurodevelopmental disorders, mTOR may represent a convergent point for gene-environment interactions that determine risk for
such disorders. This work supported by the NIEHS (grant ES014901 to PJL
and postdoctoral fellowship ES024070 to GWM).

2630 A Systems Approach to Identify Flame Retardant
Structure-Activity Relationships

L. Truong2, S. Marvel1, M. T. Simonich2, D. M. Reif1, and R. L.
Tanguay2. 1North Carolina State University, Raleigh, NC; and
2Oregon State University, Corvallis, OR.
Recent studies suggest that flame retardants (FRs) commonly added to
many consumer products may cause adverse health effects. Under pressure from consumers, FR manufacturers are now proposing purportedly safer replacements. To further efforts toward identifying safer FR
structures, the developmental effects of 61 structurally diverse FRs were
evaluated the embryonic zebrafish model. For each FR, 32 embryos were
developmentally exposed from 6-120 hours post fertilization (hpf) to
concentrations ranging from 0.0003 - 80 uM. Throughout development,
morphological changes and photo motor responses was measured. A
lowest effect level (LEL) was computed for each assay and the FRs were
clustered across the levels of biology. Four clusters were identified: no
adverse effects, only morphology effects, morphology and behavior
effects, and only behavior effects. We selected FRs from each cluster
and exposed zebrafish to the no observed adverse level (NOAEL) of each
until 120 hpf, then raised the fish to adulthood in chemical-free water. At
approximately 4 months, the zebrafish were evaluated for learning and
memory deficits, startle response, and predator avoidance behavior.
Of the 8 FRs (TBEP, TCPP, IPP-1, PDP, TDCPP, TBPH, TPP, and TCEP), 6
were associated with an adverse adult behavioral outcome. None of the
8 impacted adult BMI. Because each FR was anchored to a behavioral
phenotype, we also conducted whole-transcriptome analysis at 48 hpf
to define developmental expression changes and pathways underlying
the adult behavioral deficiencies. The zebrafish is an optimal platform
on which to rapidly and systematically characterize the hazard potential of flame retardant structures through sensitive bioactivity metrics.
Beyond safer FRs, this work expands our ability to predict the hazard
potential of new compounds based on structural relatedness, ultimately
leading to reliable structure-toxicity prediction without in vivo testing.
(This research was funded by EPA STAR R835796 and NIH P30 ES000210)

2631 Changes of Inhibitory and Excitatory Input

to Layer 2/3 Auditory Cortex Induced by
Developmental Exposure to Polychlorinated
Biphenyls

C. M. Lee, R. N. Sadowski, L. A. Daniel, and S. L. Schantz. University
of Illinois at Urbana-Champaign, Urbana, IL.
Polychlorinated biphenyls (PCBs), a family of compounds once used as
dielectric fluids in capacitors and transformers, are carcinogenic and
affect function of multiple systems, including the nervous and endocrine systems. Due to their toxicity and resistance to degradation, production of PCBs was banned in the 1970s. However, humans continue
to be exposed, primarily through ingestion of contaminated food, and
PCBs can be transferred to infants through the placenta or through
breast milk. Developmental exposure to PCBs has been associated with
hearing impairments in humans and rats. In addition, PCB exposed rats
are more susceptible to audiogenic seizures, suggesting that PCBs have
effects on the central nervous system. Here, we ask whether hearing
impairments induced by developmental PCB exposure are associated
with changes in the central auditory system. We have previously shown
that developmental PCB exposure alters thalamocortical transmission. Based on those findings we hypothesized that PCB exposure may
change inhibitory and excitatory drive to layer 2/3 of the auditory cortex.
Female breeding rats were dosed with 0 or 6 mg/kg/day of an environmental PCB mixture from 4 weeks prior to breeding until weaning on
postnatal day 21. Auditory brainstem responses (ABRs) were recorded
from adult offspring. Brain slices were then prepared and inhibitory or
excitatory postsynaptic currents of auditory cortex layer 2/3 pyramidal
neurons were recorded under a whole cell configuration. PCB exposed
subjects showed elevated ABR thresholds, increases in the frequency
and amplitude of spontaneous inhibitory postsynaptic currents, and
increases in the frequency of miniature inhibitory postsynaptic currents. Inhibitory current amplitudes and frequencies were correlated
with hearing thresholds in control animals, but not in PCB-exposed rats.
Together, these findings provide evidence that developmental PCB
exposure is associated with an increase of inhibitory input to layer 2/3
auditory cortex that is independent of peripheral auditory impairments.

2632 Primary Hippocampal Neurons Derived

from Female Mice Are More Sensitive
to the Dendrite Promoting Activity of
2,2’,3,5’,6-Hexachlorobiphenyl (PCB 95) Than
Neurons from Male Mice

K. P. Keil, S. Sethi, and P. J. Lein. University of California Davis,
Davis, CA.
Early life exposure to environmental contaminants is implicated in
the pathogenesis of many neurodevelopmental disorders. These disorders often display sex differences in onset, severity, or prevalence,
but whether environmental neurotoxicants act in a sex dependent
manner to alter neurodevelopment is largely unknown. Since altered
dendritic arborization is associated with many neurodevelopmental disorders, we tested the hypothesis that male and female primary mouse
neurons are differentially sensitive to the dendrite promoting activity
of the environmental neurotoxicant polychlorinated biphenyl (PCB)
95. Neuron-glia co-cultures dissociated from hippocampi of male vs.
female C57BL/6 mice at postnatal day 0 were transfected with plasmid
encoding microtubule associated protein 2B fused to enhanced green
fluorescent protein (MAP2B-eGFP) on day in vitro (DIV) 6, and exposed to
either vehicle (0.1% DMSO), bicuculline (20μM) or PCB 95 (100fM-1μM)
from DIV 7-9. The morphology of MAP2B-eGFP positive dendrites was
quantified by Sholl analysis. Lactate dehydrogenase assays and immunohistochemistry were used to assess viability and ratio of neurons
to glia respectively. In female hippocampal neurons, PCB 95 increases
the peak number of dendritic intersections, dendritic length, and the
number of terminal dendritic tips; in contrast, these endpoints were not
altered by PCB 95 in male hippocampal neurons. PCB 95 did not alter
the viability or the ratio of neurons to glia in cultures from either sex.
Interestingly, basal levels of dendritic arborization are greater in male
versus female primary hippocampal neurons, yet this higher basal complexity in male neurons does not account for the lack of further dendritic
growth in response to PCB 95 since treatment with bicuculline increases
the peak number of dendritic intersections compared to vehicle control.
Together, these results suggest that female hippocampal neurons are
more sensitive than male hippocampal neurons to the dendritic promoting activity of PCB 95 in vitro, and suggest that mechanisms underlying PCB 95-induced dendritic growth are sex dependent. These data
highlight the importance of sex in gene-environment interactions that
influence the risk and/or severity of neurodevelopmental disorders.
(Funding: NIH F32HD088016, ES007059, ES014901, ES011269 and US EPA
R833292)
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learning. Our results so far suggest that some of the tested chemicals
may cause early-life neurotoxic effects that can be measured in zebrafish
larvae but not in adults, while others cause long-term behavioral impairment that persists into adulthood. (Supported by the National Toxicology
Program and the Leon Golberg Postdoctral Fellowship)

2633 In Utero and Lactational TCDD Exposure Impairs
Ultrasonic Vocalization of Neonatal Mice

E. Kimura1,2,, and C. Tohyama1,2,. 1Environmental Biology
Laboratory, Faculty of Medicine, University of Tsukuba, Tsukuba,
Japan; and 2Laboratory Environmental Health Sciences, CDBIM,
Graduate School of Medicine, The University of Tokyo, Tokyo,
Japan.
A variety of chemicals is transferred from mothers to fetuses via placenta, and may disrupt higher brain function. To evaluate such actions
of the chemicals on the complex and integrated physiologic processes
of the central nervous system, it would be mandatory to use in vivo
test methods for hazard identification and characterization. Despite
the presence of batteries of behavioral test systems, no tool to evaluate neonatal developmental toxicity has been available. It has been
known that neonatal rodents emit ultrasonic vocalization (USV) to communicate with their dams, and that USV was disrupted in autism spectrum disorder mouse models. We here report USV assessment to study
possible effects of chemicals during the neonatal period of mice. As an
exposure protocol, we used in utero and lactational exposure scenario of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), because this mouse model
has been shown abnormalities in higher brain function in adulthood
together with the disrupted neuronal morphology and gene expression. Pregnant C57BL/6J mice were administered TCDD by gavage at
0, 0.6, or 3.0 μg/kg b.w. on gestational day 12.5, and designed as the
control, TCDD-0.6, and TCDD-3.0 groups, respectively. On postnatal days
3 to 12, USV of the offspring in the control and TCDD-exposed groups
was recorded for 1 min using a USV detector. The duration and number
of 30-100 kHz USV calling were analyzed in each group. As a result,
calling duration and number in the TCDD-3.0 group were significantly
decreased as compared with that in the control group. On the other
hand, there was no significant difference in calling duration or number
between the TCDD-0.6 and control groups. These results suggest that
neonatal USV would be used as a unique endpoint in developmental
neurotoxicity testing. The usability of USV as new tool in developmental
toxicity should be fairly evaluated in future studies, focusing on its physiologic meaning and its implication in higher brain function.

2635 Selective Learning Deficits following

Developmental Exposures to Low-Level
Concentrated Ambient Ultrafine Particles in Mice

J. Allen, M. Sobolewski, E. Marvin, K. Conrad, and D. A. CorySlechta. University of Rochester Medical School, Rochester, NY.
Ultrafine particles (UFPs) are considered the most reactive component
of air pollution. Our prior studies revealed male-predominant and persistent neurotoxicity following neonatal (human 3rd trimester equivalent) exposures of mice to concentrated (10-20x) ambient UFPs. Effects
included neuropathology (microglial activation, white matter loss,
hypomyelination, ventriculomegaly) and elevated glutamate even at
postnatal day (PND) 270, changes consistent with numerous neurodevelopmental disorders. The current study examined cognitive impairments produced by developmental UFP exposures. C57Bl6/J mice were
exposed from PND4-7 and 10-13 to concentrated ambient UFPs for 4/
hr/day, 5 days/week. UFP diameters were consistently below 100 nm;
mean mass concentrations were 45.6 ± 3.56 µg/m3. As adults, behavior
was assessed on a multiple schedule of repeated learning (RL) and performance (P) for food reward, with the P component preceding the RL
component in each behavioral test session. The RL component required
mice to learn a new chain of 3 responses in each session, while the P
component utilized a single 3 response chain held constant across sessions. On this baseline, deficits in learning are indicated by RL but not P
component impairments. While UFP-exposed females showed increased
response rates across all RL sequences, UFP-male-specific reductions in
accuracy, with increases in responses required for correct completion
of the sequence were seen in a sequence-specific context. No changes
were found in the P component in response to UFP. Subsequent
repeated use of this RL sequence for 5 sessions produced UFP-induced
delayed RL acquisition across sessions in males, including reductions
in accuracy and total reinforcers earned, and increases in numbers of
responses per completed sequence, and of skipping and perseverative
errors. These data are consistent with male-specific selective deficits in
learning following developmental UFP exposures. NIH ES025541

2636 Neurotoxicological Consequences of
2634 Species and Sex Differences in the
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Morphogenic Response of Primary Neurons to
3,3'-Dichlorobiphenyl (PCB 11)
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S. Sethi1, K. P. Keil1, X. Li2, L. J. Hans2, and P. J. Lein1. 1University of
California Davis, Davis, CA; and 2University of Iowa, Iowa City, IA.
PCB 11 is a byproduct of contemporary paint pigment production
that has become a ubiquitous global pollutant. We previously showed
that PCB 11 enhances dendritic arborization in mixed sex primary rat
neuronal cell cultures, suggesting this chemical may pose a risk to the
developing brain since increased dendritic arborization, or hyperconnectivity, is a shared characteristic of many neurodevelopmental disorders (NDDs). Many NDDs exhibit skewed sex ratios, so in this study, we
examined the influence of sex and species on the response to PCB 11 of
primary cortical and hippocampal neurons derived from male vs. female
neonatal Sprague Dawley rats and C57BL/6J mice. To assess effects on
axonal growth, neuron-glia co-cultures were exposed to either vehicle
(0.1% DMSO) or varying concentrations of PCB 11 for 48 h beginning
at 0 days in vitro (0 DIV) to 2 DIV, then fixed and immunostained for the
axonal marker tau-1. To assess effects on dendritic growth, cultures were
transfected at 6 DIV with a MAP2B-eGFP construct to label dendrites,
and then exposed to vehicle or PCB 11 from 7-9 DIV. Total axonal length
was quantified by morphometry; dendritic complexity was assessed by
Sholl analysis. PCB 11 increased axonal length in both species, sexes
and neuronal cell type. In cultures derived from rats, PCB 11 promoted
dendritic growth in both neuronal cell types from both sexes. However,
in cultures derived from mice, PCB 11 increased dendritic arborization
in male, but not female, cortical neurons, and in female, but not male,
hippocampal cultures. These data extend our previous studies to identify species and sex specific differences in PCB 11 developmental neurotoxicity, which has significant implications for extrapolating data from
experimental animals to humans. These findings also raise the intriguing
possibility that skewed sex ratios associated with various NDDs may
reflect sex specific differences in the response of target neuronal cell
populations to the developmental neurotoxicity of environmental
factors. Support provided by the NIEHS (R01 ES014901 to PJL, T32 ES007059
to SS, P01 ES013661 to HJL), the NICHD (F32 HD088016 to KPK) and the
Floyd and Mary Schwall Foundation (predoctoral fellowship to SS).

Developmental Exposure to Hyperoxia and Air
Pollution: Concurrent Risk Factors of Premature
Birth

K. B. Morris-Schaffer, J. L. Allen, M. Sobolewski, and D. A. CorySlechta. University of Rochester Medical Center, Rochester, NY.
Advances in neonatal care have drastically increased the survival of
preterm infants, who are exposed to a unique set of environmental conditions during a vulnerable stage of neurodevelopment. The etiology
of CNS injuries in children born prematurely is multi-factorial, but one
notable common risk factor is hyperoxia; preterm infants undergo an
early transition from a low oxygen, hypoxic in utero environment to a
high oxygen clinical environment. An environmental risk factor that
is associated with an increase in preterm birth as well as with adverse
neurodevelopmental outcomes is perinatal air pollution exposure. Our
prior studies indicate that male, but not female mice, exposed postnatally (human 3rd trimester equivalent) to concentrated (10-20x) ambient
ultrafine particles (CAPS; <100nm diameter) show ventriculomegaly, a
common characteristic of prematurity, as well as increased impulsivity.
In order to assess the potential cumulative effects of hyperoxia and air
pollution on neurodevelopment, we used a novel model in which neonatal mice are exposed to 60% oxygen for the first four days of life, followed by CAPS exposure from postnatal days 4-7 and 10-13 for 4 hr/
day, 5 days/week. We have generated preliminary data demonstrating
that combined hyperoxia and CAPS can generate unique locomotor
alterations suggesting convergence of both insults on common CNS
pathways. Male juvenile mice exposed to both hyperoxia and CAPS had
significantly higher stereotypic counts than CAPS or hyperoxia-alone
groups, although not different from controls, suggesting a return to
baseline. In juvenile females, the combined hyperoxia and CAPS treatment group demonstrated a similar return to baseline for stereotypic
and vertical counts, while for jumps, the hyperoxia CAPS group was statistically higher than the control group. Only the male locomotor effects
persisted into adulthood, consistent with our previous studies indicating preferential male vulnerability to CAPS in the postnatal mouse.
No changes in elevated plus maze were found, suggesting locomotor
alterations did not reflect anxiogenic effects. Further elucidation of specific behavioral and pathological underpinnings of the unique effects of
the combined insults will provide important insight into the potential
for enhanced adverse outcomes in premature infants. NIH ES025541

the Trajectory of White Matter Development

C. R. Klocke2, J. L. Allen2, M. Sobolewski2, J. L. Blum1, D.
Lauterstein1, J. T. Zelikoff1, and D. A. Cory-Slechta2. 1New York
University, Tuxedo, NY; and 2University of Rochester, Rochester, NY.
Increasing evidence indicates that gestation is a period of neurodevelopmental susceptibility to air pollution. The particulate matter (PM)
component of air pollution, specifically the fine (PM2.5) and ultrafine
(UFP) fractions, have been shown to induce neuropathology in mice
and have been epidemiologically linked to neurodevelopmental disorders (NDs). Our previous studies in mice exposed postnatally to concentrated ambient UFPs using the U. of Rochester HUCAPS system,
revealed white matter abnormalities and ventriculomegaly (enlarged
lateral ventricles), which are prognostic indicators for poor neurodevelopment and characteristics of multiple NDs, including autism and
schizophrenia. The current study sought to determine if the prenatal
period in mice is a critical window of neurodevelopmental susceptibility
to concentrated ambient particles (CAPs), which include both PM2.5
and UFP. Pregnant mice were exposed CAPs or filtered air control via
whole-body inhalation for 6 hours daily from gestational days 0.5-16.5
using the VACES particle concentrator at NYU in Tuxedo, NY. Offspring
brains were collected at postnatal days (PNDs) 11-15 and 57-61 and
analyzed histologically. Prenatal CAPs exposure induced perinatal ventriculomegaly in both sexes at PNDs 11-15 that did not persist to PNDs
57-61. CAPs also induced early and persistent white matter overgrowth
of the corpus callosum (CC) in both sexes, indicated by increased myelin
basic protein density with associated increase in CC area. Iron, a critical
driving factor of myelin biosynthesis, was elevated in the CC of females.
Examination of CC oligodendrocytes (OLs) revealed a maturational shift
in CAPs-exposed offspring, indicated by decreased Olig2+ precursors
and increased CC1+ mature OLs and no change in total OL number.
These findings highlight the vulnerability of the brain and white matter
during gestation to UFP/ PM2.5 exposures, and a corresponding potential for increased risk of NDs such as autism and schizophrenia. The
parallel findings from two different CAPs-generating systems (HUCAPS
and VACES) suggest the importance of common exposure elements as
opposed to regionally-specific constituents of air pollution as the basis
of such effects. R01 ES025541, T32 ES07026, P30 ES001247, P30 ES000260,
21-F12-13 (March of Dimes).

2638 Low Dose Exposure to Tobacco Smoke Chemicals
during Premating, Early, or Late Gestation in
Female Rats Cause Persisting Neurobehavioral
Effects in the Offspring

M. Cauley, B. J. Hall, Y. Abreu-Villaça, S. Junad, H. White, A. Kiany,
and E. D. Levin. Duke University Medical Center, Durham, NC.
Even low dose exposure to environmental tobacco or second hand
smoke during development has been associated with neurobehavioral
dysfunction in children. The causative nature of this relationship has
been demonstrated in our earlier experimental studies with rats. We
showed that developmental exposure to a tobacco smoke extract (TSE)
complex mixture at doses modeling second hand smoke causes persisting neurobehavioral impairment in the offspring. To examine critical
developmental windows of exposure, we examined in rats the relative
importance of 3 periods of TSE exposure: pre-mating, early gestation
and late gestation. Young adult Sprague-Dawley female rats were continuously exposed (SC) via minipump to TSE at a dose delivering 0.2 mg/
kg/day nicotine during 10 days prior to mating or during the first days or
the second 10 days of gestation. Control female rats received the DMSO
vehicle. Offspring of both sexes were assessed with a battery of tests
for locomotor activity, anxiety, fear and cognition. Behavioral testing
started in adolescence and continued into adulthood. During adolescence, late gestational TSE exposure was shown to cause significant
locomotor hyperactivity and more anxiety-like behavior in the elevated
plus maze in adolescence. In adulthood, modestly, but significantly
improved performance on the signal detection attentional task was
seen in rats with a history of either early or late gestational TSE exposure.
Interestingly, exposure to TSE solely prior to mating also produced some
significant behavioral effects in the offspring, including decreased habituation of locomotor activity over an hour-long session during adolescence, locomotor hyperactivity selectively in adult males and reduction
in radial-arm maze working memory errors. These results reinforce findings of persistent emotional and cognitive effects after developmental
exposure of rats to TSE and that persistent neurobehavioral toxicity was
seen after all of the developmental windows tested. This research was
supported by the National Institutes of Health (Grant ES022831) and the
US EPA (Grant 83543701). US EPA support does not signify that the contents reflect the views of the Agency, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.

2639 High-Throughput Screening for Acute and

Developmental Neurotoxicity Using Human
Embryonic Stem Cell-Derived Neuronal Cells

J.-H. Oh, H. Yang, M.-S. Choi, S.-M. Park, C.-W. Song, and S. Yoon.
Korea Institute of Toxicology, Daejeon, Korea, Republic of.
To assess the neurotoxicity and prioritize the hazard of chemical for
further testing, there is a big demand for high-throughput screening
(HTS) of neurotoxicity. However, the traditional neuronal cell models
including rodent primary or cancer cells have limitation to provide the
information about potential hazards on human health because of difference of species or genetic instability. Here, we used human embryonic stem cells (hESCs)-derived neuronal cells which is well qualified
according to standardized protocol, to screen the neurotoxicity. Acute
and developmental neurotoxicity was evaluated for the thirteen chemicals (D-sorbitol, saccharin and acetaminophen for negative compounds;
methylmercury chloride, cadmium chloride, 5-fluorouracil, acrylamide,
brefeldin A, colchicine, cyclosporine A, retinoic acid, and rotenone for
positive compounds) using multiple read-out assays including cell viability, apoptosis, mitochondrial membrane potential, reactive oxidative
stress and neurite outgrowth assay. Bench mark concentration (BMC) for
each assay represented that susceptibility or sensitivity of the toxicity
was different according to the mode of actions for the test chemicals.
The comprehensive interpretation of potential neurotoxicity was performed by read-out combination from battery of test. By the score of
read-out combination, eight compounds from ten positive chemicals
were classified with neurotoxic group and the remaining two chemicals
such as retinoic acid and acrylamide with low score was classified with
inconclusive group and all negative chemicals were correctly classified
with non-neurotoxic group. Here we provide the HTS screening platforms with predictive power for acute and developmental neurotoxicity
by multiple read-out combination using hESCs-derived neuronal cell
model. This work was supported by the General Research Program (NRF2012M3A9C7050138) from the Ministry of Science, ICT.

2640 Maternal Overnutrition Augments Brain

Glutathione Redox Imbalance, Inflammation,
and Epigenetic Alterations in Offspring Exposed
to Trichloroethylene

S. J. Blossom2, J. E. Davis3, O. Pavliv1, L. Fernandez3, S. B. Melnyk2,
F. A. Simmen3, and K. M. Gilbert3. 1Arkansas Children’s Hospital
Research Institute, Little Rock, AR; 2Arkansas Children’s Research
Institute, Little Rock, AR; and 3University of Arkansas for Medical
Sciences, Little Rock, AR.
Neuroinflammation and impaired glutathione redox balance and
methyl metabolism are associated with neurotoxicity. Oxidative stress
and inflammation is increased with developmental exposure to the
environmental pollutant, trichloroethylene (TCE). Maternal obesity/ovenutrition can also promote neuroinflammation. We hypothesized that
maternal overnutrition would augment these effects in offspring of TCE
exposed mice. Four weeks pre- mating, mice were exposed to vehicle
or TCE (0.05 μg/ml ~16 μg/kg/day). The dams in both groups were fed
either standard diet (17% kcal derived from fat or obesogenic diet (45%
kcal derived from fat). The pups were exposed in utero and throughout
lactation. The exposure continued directly for 7 weeks&nbsp;post
weaning. At 10 weeks of age,&nbsp;mice were switched to standard diet
and water until 20 weeks of age. Brains were harvested from offspring
and subjected to HPLC or qRT-PCR for the evaluation of redox/methyl
metabolites, and inflammatory factors. The results&nbsp;showed a significant decrease in the ratio of reduced to oxidized glutathione by 34%,
49%, and 53%; obesogenic diet alone, TCE alone, and TCE/obesogenic
diet (co- exposure) compared to controls, respectively. Methyl metabolites and&nbsp;DNA methyltransferases were also decreased in all exposure groups relative to control indicating DNA hypomethylation. This
effect was most evident with co-exposure. Several inflammatory and
neuroprotective genes were measured. There was a significant decrease
in chemokine, CCL3 and neurotrophin, BDNF, involved in synaptic transmission, neuroplasticity, and memory. The results demonstrated an
additive effect with TCE and obesogenic diet and suggest that nutritional intervention may reduce risk of neurotoxicity in the context of
environmental toxicant exposure.
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2637 Gestational Particulate Matter Exposure Disrupts

2641 Comparison of the Developmental and Acute

Neurotoxicity of a Library of Organophosphorus
Pesticides Using a Vertebrate Behavioral Assay

S. Padilla2, M. Waalkes1, J. M. Hedge2, D. L. Hunter2, and K. Jarema2.
1ORISE, Research Triangle Park, NC; and 2US EPA, Research Triangle
Park, NC. Sponsor: T. Shafer.
The US EPA is evaluating methods to screen and prioritize organophosphorus pesticides for neurotoxicity using behavioral tests in an in vivo,
vertebrate, medium-throughput model (zebrafish; Danio rerio). Our
behavioral testing paradigm assesses the effects of sublethal and subteratogenic concentrations of organophosphorus pesticides in order
to compare the developmental vs the neuroactive toxicity potential of
each chemical. This assay quantifies the locomotor response to light
stimuli under tandem light and dark conditions in a 96-well plate using
a video tracking system on 6 day post fertilization (dpf) zebrafish larvae.
Each of twenty-seven organophosphorus pesticides at several concentrations (≤ 100 μM nominal concentration) was tested using two different paradigms: (A) by exposing zebrafish embryos/larvae to the pesticide during the first five days of development, followed by 24 hours of
depuration and then behavioral testing or (B) tested for their neuroactive potential (i.e., acute toxicity) by assessing the behavior alterations
noted after an acute dose in 6 dpf zebrafish larvae. Interestingly, many of
the organophosphorus pesticides did not have any effect on locomotor
activity when given acutely, but when given developmentally, behavioral changes were noted (e.g., Acephate, Bensulide, Chlorpyrifos, Naled,
Tebupirimiphos), while others had no effect when tested for either acute
or developmental behavioral effects (e.g., Chlorethoxyfos, Diazoxon,
Malathion). These results indicate that, in a developmenting vertebrate
model, these chemicals are more likely to produce developmental neurotoxicity, as compared to acute neuroactive changes, at concentrations
below those that produce lethality or dysmorphology. This abstract may
not necessarily reflect official Agency policy.

2642 Developmental Exposure of Mice to Diesel

Exhaust is Associated with Dysregulation of
the Reelin Pathway and an Increase in AutismRelated Behaviors
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Y. Chang3, T. B. Cole3, E. Hickman1, and L. G. Costa3,2,. 1University of
California Davis, Davis, CA; 2University of Parma, Parma, Italy; and
3University of Washington, Seattle, WA.
Autism spectrum disorder (ASD) represents a heterogeneous group of
disorders characterized by difficulties in social interaction, communication and repetitive behaviors. Recent epidemiological studies show
associations between developmental exposure to traffic-related air pollution and increased ASD risk. Ambient particulate matter (PM) 2.5 is
known for its ability to cross cellular membranes and cause oxidative
damage, leading to inflammatory responses. Elevated levels of inflammatory cytokines have been reported in fetal brain and placenta of mice
exposed prenatally to diesel exhaust (DE). Several lines of evidence
suggest a connection between neuro-inflammation and ASD. In the
maternal immune activation (MIA) model of ASD, elevation of IL-6 and
IL-17α has been shown to elicit ASD-like behavior in the offspring of
the immuno-activated dams. Increased IL-6 levels in the brain leads to
upregulated expression of DNA methyltransferase 1 (DNMT1) via activation of JAK2/STAT3 pathway. DNMT1 is responsible for both de novo
and maintenance of DNA methylation status. DNMT1 has been shown to
modulate expression of reelin, an extracellular protein that plays a key
role in guiding neuronal migration and dendrite formation during CNS
development. Reelin deficient mice exhibit some ASD related behavioral
phenotypes as well as cortical disorganization similar to brain structural
changes found in prefrontal cortex of ASD patients. We performed a
series of experiments to determine whether developmental DE exposure induces ASD-related behaviors, and whether the neuroinflammatory pathway leading to dysregulation of reelin expression is affected.
C57Bl/6J mice were exposed from GD0 to PND21 to 250-300 ug/m3
DE or filtered air (FA) as control. DE-exposed mice exhibited deficits in
all three of the hallmark categories of ASD behavior: disrupted social
interaction in reciprocal interaction test and social preference test, disrupted social olfactory and vocal communication, and increased repetitive behavior. In brains of DE-exposed mice, increased levels of IL6 and
DNMT1, and decreased expression of reelin were found, supporting our
hypothesis that dysregulation of the reelin pathway could contribute to
ASD etiology. (Supported by NIEHS R01ES22949, ES007033, ES007032-37)

2643 Impact of Autism-Associated Chd8 Mutation on
iPSC-Derived Mini-Brains

X. Zhong, D. Pamies, L. Zhao, T. Hartung, and L. Smirnova. Johns
Hopkins University, Bloomberg School of Public Health, Baltimore,
MD.
Autism spectrum disorders (ASD) are a major public health concern,
affecting 1 in 68 children in the US. The increase of ASD prevalence
cannot be explained solely by genetics and/or changes in diagnostic criteria. Increasing evidence suggests that exposure to drugs and environmental chemicals may have a substantial impact on ASD risk. Idiopathic
autism is a multifactorial disease that makes it challenging to find the
disease causation. Mutation in the chromodomain helicase DNA binding
protein 8 (CHD8) gene is one of the top genetic risk factors in autism and
was linked to ASD by regulating a number of ASD related genes. The main
goal of our research is to identify and mechanistically understand environmental contributions to risk and rise of ASD. In particular, to pursue
the hypothesis that individuals with genetic predispositions to autism
(such as CHD8 mutation) are more sensitive to environmental exposure
and that the interplay of genetics and environment triggers the manifestation of disease. To address this question, we used our human induced
Pluripotent Stem Cells (iPSC)-derived 3D brain model (mini-brains). We
used iPSC derived from healthy donor (CHD8+/+), where CHD8 mutation
was introduced to generate isogenic heterozygous CHD8+/- and homozygous CHD8-/- knockouts. We were not able to generate mini-brains
from homozygous knockout. Mini-brains from healthy and heterozygous mutant cell lines were characterized as to their cellular composition. Then we analyzed the susceptibility of CHD8+/- isogenic mini-brains
vs. healthy mini-brains to organophosphate chlorpyrifos and its metabolite chlorpyrifos-oxon. First, we observed that mini-brains were more
sensitive to chlorpyrifos than to oxon, suggesting that the mechanism of
toxicity is not through acetylcholinesterase inhibition. Second, we could
not detect any differences in susceptibility between different cell lines at
early stages of differentiation (NPC and 2 week mini-brains). However,
CHD8 knockout was more sensitive to chlorpyrifos than control cell line
later in development (4 and 8 week mini-brains), as shown by viability
and mitochondria membrane potential assays. We will use this preliminary data to further investigate potential metabolic biomarkers of the
mutation and treatment. Expression of ASD-risk gene and miRNA sets
will be quantified under all conditions.

2644 An Eight Hour Exposure to Desflurane Induces

Neuronal Damage and Activation of Microglia in
the Nonhuman Primate

F. Liu2, Q. Yin2, S. Liu2, C. Fogle2, T. A. Patterson2, M. G. Paule2, J.
P. Hanig1, W. Slikker2, and C. Wang2. 1US FDA/CDER, Silver Spring,
MD; and 2US FDA/NCTR, Jefferson, AR.
Desflurane is frequently used to maintain general anesthesia for pediatric surgeries. To address the public concern as to whether desflurane
may have any adverse effects on the developing brain, histochemical
changes in the infant monkey were assessed after exposure to desflurane. Postnatal day (PND) 5 or 6 rhesus monkeys were randomly
assigned to a control group (room-air; n=3) and an experimental group
(exposed to 5.7% desflurane in medical grade air; n=3) for 8 hours.
Four hours after completion of the exposure the animals were euthanized and brain tissue harvested and fixed for histochemical analyses,
including Fluoro-Jade C staining and immunohistochemical staining of
Bax and Iba1 (ionizing calcium-binding adaptor molecule 1). Prolonged
exposure to desflurane caused significant neuronal degeneration as
evidenced by an increased number of Fluoro-Jade C-positive cells in
layers II, III, IV and V of the frontal cortex. Increased expression of Bax, a
pro-apoptotic protein, was consistently observed in the exposed group,
suggesting elevated apoptosis is one of the consequences of prolonged
desflurane exposure in the developing brain. In addition, increased Iba1
expression indicated the involvement of microglia activation in desflurane-induced neuronal apoptosis. These findings suggest that an 8-hour
exposure to a clinically-relevant concentration of desflurane could cause
neuronal damage, which may at least be partially apoptotic in nature.
The neuronal degeneration processes may be closely associated with
abnormal elevation of activated microglia. (Supported by US FDA/NCTR
and US FDA/CDER)

Monkeys Associated with Sevoflurane-Induced
Neurotoxicity

C. Wang3, X. Han1, F. Liu3, Q. Gu3, S. Liu3, T. A. Patterson3, M. G.
Paule3, J. P. Hanig2, and W. Slikker3. 1Center for Metabolic Origins
of Disease, Sanford Burnham Prebys Medical Discovery Institute at
Lake Nona, Orlando, FL; 2US FDA/CDER, Silver Spring, MD; and 3US
FDA/NCTR, Jefferson, AR.
It has been reported that the commonly used general anesthetics such
as sevoflurane induce neurotoxicity in developing brains. However,
there has been limited research evaluating whether and how anesthetic
agents affect bio-lipids, the most abundant components of the brain
other than water. Thus, assessing lipid profiles, especially from blood
samples, may assist in the early detection of the neurotoxic effects
that can be associated with general anesthesia. Postnatal day (PND) 5
or 6 monkeys were randomly assigned to control (room-air; n=4) and
sevoflurane-exposed (n=4) groups. Sevoflurane was delivered using an
agent-specific vaporizer for 9 hours at a clinically-relevant concentration of 2.5%. Blood samples were collected at 0, 2, 4, 8 and 9 h during
exposure in both the control and sevoflurane-exposed groups. Lipid
extractions and analyses were performed using a mass spectrometer.
4-h after completion of anesthetic exposures, frontal cortical tissue was
collected for histochemical and Western blot analyses. Serum lipidomic analysis demonstrated that the levels of critical lipid components
including acylcarnitines, phosphatidylcholines (PC) and phosphatidylethanolamines (PE) were significantly decreased during prolonged
exposure to sevoflurane. In contrast, the amounts of triglyceride (TAG)
and 4-hydroxynonenal were increased to abnormally high levels in
sevoflurane-exposed monkeys. Consistently, histochemical staining and
Western blot analyses of Bax protein revealed increased neuronal apoptotic damage after sevoflurane exposure. These data suggest that prolonged exposure of neonatal monkeys to a clinically-relevant concentration of sevoflurane resulted in significant changes in lipid metabolism
and subsequently, neuronal apoptotic damage. Monitoring specific
lipid changes may provide insights into the molecular mechanism(s)
underlying general anesthetic-induced neurotoxicity and serve as sensitive biomarkers for the early detection of anesthetic-induced neuronal
damage. (Supported by US FDA/NCTR)

2646 Long-Lasting Cognitive Deficits in Rhesus

Monkeys after Neonatal General Anesthesia
Induced by Sevoflurane: Protection by
acetyl-L-carnitine

M. G. Paule, M. Li, X. Zhang, S. Liu, J. P. Hanig, W. Slikker, and C.
Wang. US FDA/NCTR, Jefferson, AR.
We showed previously that general anesthesia induced by 8 hours of
isoflurane/nitrous oxide during the first week of life causes significant
increases in neuronal cell death and permanent cognitive deficits in
rhesus monkeys and that concomitant treatment with acetyl-L-carnitine (aLc) greatly reduces these effects. In the present study monkeys
were anesthetized with sevoflurane (sevo) alone (n = 5), or sevo plus 100
mg/kg of aLc (an antioxidant and mitochondrial stabilizer) 1 hr before
and 4 hr after the start of anesthesia (n=9). Controls were exposed to
room air for 8 hours with (n =6) or without (n=10) aLc. At 7 months of
age all animals began training to perform a series of cognitive function
tasks as part of the National Center for Toxicological Research (NCTR)
Operant Test Battery (OTB). Tasks included those for assessing aspects
of learning, motivation, color discrimination, and short-term memory.
Subjects responded for banana-flavored food pellets by pressing
response levers and press-plates during daily (M-F) test sessions (50 min)
and were assigned training scores based upon their individual task performance. Throughout the first 18 months of observation, aLc greatly
attenuated the adverse effects of sevo on initial OTB training scores and
learning task performance [% task completed (PTC), response rate (RR)
and accuracy (ACC)]. aLc alone delayed acquisition of learning (PTC, ACC
and RR) and color discrimination (PTC) task performance over the first
year of testing and slowed acquisition of recall delays in a short-term
memory task, as did sevo. Thus, aLc prevents some aspects of cognitive
dysfunction associated with neonatal general anesthesia induced by
sevo but not all and, by itself, has adverse effects at the dose tested. It
remains to be determined whether aLc can protect against any of the
adverse effects of sevo at lower doses and not exhibit adverse effects of
its own. (The research was supported by US FDA/CDER and US FDA/NCTR
Exp#7285)

2647 Micro PET/CT Evaluation of Dopamine

Receptor Integrity after Sevoflurane-Induced
Neurotoxicity in Neonatal Rat Brain

Q. Yin, M. G. Paule, C. Wang, and X. Zhang. US FDA/NCTR,
Jefferson, AR.
The volatile general anesthetic sevoflurane is commonly used across all
ages. To study its potentially toxic effects on development of dopaminergic systems in brain histochemical analyses and molecular imaging
approaches were employed. Positron Emission Tomography (PET)
coupled with Computerized Tomography (CT) approaches were used
to evaluate the effects of developmental sevoflurane exposure on D2/
D3 receptors in rat pups. The PET ligand, 18F-labeled Fallypride, a D2/D3
receptor antagonist, was utilized to examine whether dopamine receptors were affected by prolonged sevoflurane-exposure during the brain
growth spurt. PND 7 rats in the experimental group were exposed to
sevoflurane at the clinically-relevant concentration of 2.5% and control
animals were exposed to room air only for 8 hours. MicroPET/CT scans
were conducted on PNDs 14, 21, 28 and 35. Preliminary imaging data
indicate that there were no significant differences in the retention of
[18F]Fallypride between sevoflurane exposed and control animals at
any of the scan times. This suggests that dopaminergic systems are not
affected by prolonged sevoflurane-induced general anesthesia during
development. Importantly, however, significant neural damage was
detected on PND 35 as evidenced by a significantly increased number
of caspase-3 positive cells in the frontal cortex (P<0.05). Similar sevoflurane-induced neural damage was not observed in the striatum on
PND 35. Thus, prolonged exposure to sevoflurane triggers frank neurotoxicity in the developing rodent brain that is not associated with any
derangements in dopaminergic systems subserved by D2/D3 receptors.
(Supported by US FDA/NCTR Protocol E7586)

2648 Safety Evaluation of Permethrin and

Pyriproxyfen in Dogs Treated with Vetguard
Plus: Is There a Human Health Concern?

N. M. Barreto1, R. C. Gupta1, K. Case1, R. B. Doss1, and T. D. Canerdy2.
1Murray State University, Hopkinsville, KY; and 2Murray State
University, Murray, KY.
Ectoparasites are a continuous problem in small companion animals,
and veterinary personnel and pet owners are constantly exposed to
transferable residues when handling dogs treated with topical ectoparasiticides. Therefore, this study aimed to measure the transferable
residues of permethrin and pyriproxyfen in the blood and hair coat of
six dogs treated topically with VetGuard Plus®. Between 4-5 ml of blood
were collected in EDTA tubes via jugular venipuncture at 0, 1, 2, and
3 days after VetGuard Plus® application. Glove samples for pesticides
residue measurement were collected at days 0, 1, 2, 3, 4, 7, 14, 21, 28,
and 35, during which physical parameters such as heart and respiration
rate, body weight, and body temperature were also measured. Gloves
were collected by petting each dog’s hair coat for 5 minutes using
new 100% cotton gloves each time. Permethrin and pyriproxyfen residues were extracted with methylene chloride: petroleum ether (1:1)
and analyzed using gas chromatograph/mass spectrometer (GC/MS).
Identification and confirmation of permethrin and pyriproxyfen were
made based on characteristic ions, and quantitation was done based on
peak area. No residues were detected in the blood at any given interval.
In the glove samples, the highest concentrations of permethrin and
pyriproxyfen were detected at 24 h (417.52 ± 58.38 ppm and 30.51 ±
8.52 ppm, respectively). The lowest concentrations of permethrin and
pyriproxyfen were detected at 35 days (2.49 ± 0.43 ppm and 0.04 ± 0.03
ppm, respectively). None of the dogs showed any adverse physical or
behavioral reactions. In conclusion, VetGuard Plus® is a safe product for
dogs and poses no significant danger to veterinary personnel and pet
owners if proper precautions are taken.

2649 Diazinon Promotes Adipogenesis in 3T3-L1
Preadipocytes

A. M. Smith, L. Yin, and X. Yu. University of Georgia, Athens, GA.
Environmental chemicals exposure could be a contributor to the
increasing obesity epidemic. Diazinon, an organophosphate insecticide,
has been widely used in the agricultural setting, and exposure of the
general population to diazinon has been reported. Diazinon has been
known to induce neurotoxic effects mainly through the inhibition of
acetylcholinesterase (AChE). However, its association with dysregulation of adipogenesis has been poorly investigated. The current study
aimed to examine the mechanism of diazinon’s effect on adipogenesis
using the 3T3-L1 preadipocytes. The capacity of diazinon to promote
adipogenesis was evaluated by conventional Oil Red O staining and
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LipidTOX neutral lipid staining combined with a High Content Cellomics
analysis. The results showed that diazinon induced lipid droplet accumulation in a dose-dependent manner. The dynamic changes of adipogenic regulatory proteins and genes were examined at the three
stages of adipogenesis (induction, differentiation, and maturation) in
3T3-L1 cells treated with various doses of diazinon (0, 1, 10, 100 μM)
using real-time quantitative RT-PCR and Western Blot respectively.
Diazinon significantly induced protein expression of transcriptional
factors CCAAT-enhancer-binding proteins α (C/EBPα) and peroxisome
proliferator-activated receptor γ (PPARγ), their downstream proteins,
fatty acid synthase (FASN), acetyl CoA carboxylase (ACoA), fatty acidbinding protein 4 (FABP4), lipoprotein lipase (LPL), adiponectin and perilipin in dose and time-dependent manners. Similarly, the adipogenic
genes were significantly induced in a dose and time-dependent manner
compared to the relative controls. The current study demonstrates that
diazinon promotes lipid accumulation and activates the adipogenic signaling pathway in the in vitro model. (Supported by R21 OH 010473, ARDF,
and Colgate-Palmolive Grant for Alternative Research Award)

2650 Involvement of p53 and p21 in Maneb- and
Mancozeb-Induced Senescence

V. Yakovishina2, N. Simone1, and S.-Y. Cheng2. 1Holy Cross High
School, Queens, NY; and 2John Jay College of Criminal Justice, New
York, NY.
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Exposure to manganese ethylene-bis-dithiocarbamates, such as maneb
(MB) and mancozeb (MZ), has been linked to the pathogenesis of
Parkinson’s disease. MB and MZ have the ability to disrupt the antioxidant systems of cells and increase oxidative stress. These chemicals
can also cause DNA damage which can trigger early cell aging known
as senescence. This can be associated with the development of neurodegenerative diseases, such as Alzheimer’s Disease and Parkinson’s
Disease. Cellular senescence is an irreversible cell cycle arrest in
response to DNA damage, oxidative stress, or oncogenic activation.
Studies suggest that prolonged environmental stress induced by pesticides or other environmental toxins is capable of inducing senescence.
Preliminary studies demonstrated that exposure to MB and MZ triggered
cellular senescence by causing G1 phase cell cycle arrest. Senescence
is regulated by 2 major signaling pathways: p53 and p16. This study
focused on unveiling the involvement of the p53/p21 signaling pathway
in MB and MZ induced cytotoxicity by using western blot analysis and
immunocytochemistry. The results showed that p53 levels increased
after PC12 cells were treated with MB and MZ for 24 hours. Activation
of p21 was also observed by monitoring the level of phosphorylated
p21 at the Thr145 site. Fluorescent images from immunocytochemistry
studies in PC12 cells treated with MB and MZ for 24 hours were consonant with the data obtained from western blot analysis and showed
stronger immunochemical staining of p21 in the nuclear region of cells.

2651 Exposure to Imidacloprid Promotes Obesity in
Female C57BL/6J Mice

Q. Sun2, W. Qi2, X. Xiao2, S.-H. Yang2, D. Kim2, K. S. Yoon1, J. M.
Clark2, and Y. Park2. 1Southern Illinois University, Edwardsville, IL;
and 2University of Massachusetts Amherst, Amherst, MA.
Imidacloprid, a neonicotinoid insecticide, has been reported to promote
adipogenesis and cause insulin resistance in vitro. Previous in vivo
studies on male mice also indicated that imidacloprid could promote
high fat diet-induced adiposity and insulin resistance. The current study
was to investigate the interaction between imidacloprid exposure and
dietary fat on development of obesity and insulin resistance in female
mice. Imidacloprid (0.06, 0.6 and 6 mg/kg bw/day) was mixed in low-fat
(4% w/w) or high-fat (20% w/w) diet, and given to female C57BL/6J mice
ad libitum for 12 weeks. Mice fed with high fat diet containing (0.6 and
6 mg/kg bw/day) imidacloprid gained significantly more body weight
and fat mass compared to control mice, but no effects of imidacloprid
were observed in low fat diet fed animals with regard to body weight
and fat mass. Animals fed imidaclorpid (6 mg/kg bw/day) had reduced
food intake compared to controls in high fat diet fed mice. In addition,
imidacloprid (0.6 and 6 mg/kg bw/day) with high-fat diet resulted in
increased levels of serum triglyceride, leptin and insulin, but not with
low fat diet. No differences of insulin resistant markers were observed
with imidacloprid treatment over control in both high fat and low fat
diet fed mice as measured by insulin tolerance and glucose tolerance
tests. Current results suggest that imidacloprid exposure promotes
high fat diet-induced obesity and insulin resistance in female mice. (This
project is supported by NIH R21ES023128)

2652 Determination of 126 Pesticide Residues in

Tobacco Using Amine-Modified Multi-Walled
Carbon Nanotubes as a Reserved Dispersive
Solid-Phase Extraction Sorbent

L. Chen, J. Cai, X. Wang, H. Cui, M. Fan, Y. Jia, L. Pan, L. Zhao, and H.
Liu. Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou,
China. Sponsor: R. Krieger.
Amine-modified multi-walled carbon nanotubes (MWCNTs) were
successfully synthesized via a graft reaction of ethylenediamine. The
structure and morphology were characterized by transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR),
thermal gravimetric analysis (TGA) and X-ray photoelectron spectroscopy (XPS). A reliable and rapid liquid chromatography tandem mass
spectrometry (LC-MS/MS) multi-residue method for the simultaneous
analysis of 126 pesticides in tobacco was developed and validated using
a QuEChERS based extraction procedure with amine-modified multiwalled carbon nanotubes as reserved-dispersive solid-phase extraction
alternative material. The ability of amine-modified MWCNTs to cleanup
interfering substances from acetonitrile extracts of tobacco has been
evaluated. It is found that the resulting amine-modified MWCNTs
exhibits better performance in interfering substances removal. The
calibration curve of 126 pesticides presented good linearity (r2> 0.999).
Average recoveries of all of the compounds in tobacco were in the range
of 76-109% with relative standard deviations of 1-20% at three fortification levels of 0.02, 0.05 and 0.2 mg/kg. The limits of quantification
(LOQs) ranged from 0.3 to 40 μg/kg at the signal-to-noise ratio (S/N) of
10. The validated method was successfully applied to the analysis of 50
real tobacco samples, and 5 pesticides were detected. Butralin had the
highest detected frequency, and this was followed by metalaxyl, acetamiprid, pendimethalin and oxadixyl. All of the residues were lower than
the GRLs set by the CORESTA ACAC. These results demonstrated that
the developed method could be applied to the analysis of pesticides in
tobacco samples.

2653 Sn56 Basal Forebrain Cholinergic Neuronal

Loss after Acute and Long-Term Chlorpyrifos
Exposure through Oxidative Stress Generation:
P75NTR and A7-nAChRs Alterations Mediated
Partially by Ache Variants Disruption

P. Moyano2, J. Del Pino2, M. J. Anadon2, J. M. Garcia2, M. J. Diaz2,
M. De Frias2, M. Fernandez2, J. Garcia1, and M. T. Frejo2. 1Alfonso X
University, Madrid, Spain; and 2Complutense University of Madrid,
Madrid, Spain.
Chlorpyrifos (CPF) is an organophosphates insecticide reported to
induce, both after acute and repeated exposure, cognitive disorders
and basal forebrain cholinergic neuronal loss, involved on learning
and memory regulation, which could be the cause of such cognitive
disorders. This neuronal loss was mediated partially by AChE variants
alteration, suggesting other mechanisms are involved. In this regard,
CPF induces oxidative stress that is implicated in the induction of cognitive deficits, changes in AChE variants expression and neuronal loss.
Otherwise, it has been shown that P75NTR and the a7-nAChRs expression is altered in basal forebrain of rats after CPF long-term exposure;
this alteration has been related with oxidative stress induction, cholinergic cell loss, and disruption of learning and memory processes.
According to these data, we hypothesized that CPF induces basal forebrain cholinergic neuronal loss through induction of oxidative stress
produced by P75NTR and a7-nAChRs altered expression, which could
mediate this action in part through AChE variants disruption. We evaluated this hypothesis in septal SN56 basal forebrain cholinergic neurons,
after 24 h and 14 days CPF exposure in vitro. This study shows that
CPF upregulated P75NTR and downregulated a7-nAChRs expression,
which increased H2O2 and malondialdehyde content and reduced
cell viability partially through AChE variants induction. Alpha7-nAChRs
repression induced oxidative stress and cell death partially through this
mechanism, but P75NTR overexpression did not produce these effects,
although it increased oxidative stress and cell death after CPF treatment,
showing that its overexpression increases cell vulnerability. Our present
results provide new understanding of the mechanisms contributing to
the harmful effects of CPF.

Levels in Rat Gastrointestinal Tract

B. R. Kistinger, and D. Hardej. St. John’s University, Queens, NY.
Mancozeb is a mixture of manganese- and zinc-ethylene bisdithiocarbamate used as a broad spectrum fungicide. In the United States
Mancozeb is used on fruits, nuts, vegetables, ornamental plants and
sod, and oral exposure routes should be considered when assessing
Mancozeb toxicity. Previous research in our laboratory has shown that
Mancozeb is toxic to transformed and non-transformed human colon
cells. This has been partially attributed to increases in manganese, zinc
and copper-induced oxidative stress within the cells (Hoffman and
Hardej, 2012, 2016). The purpose of the present study is to determine
the effect of Mancozeb oral exposure on essential metal homeostasis
in the rat gastrointestinal tract. Male Sprague-Dawley rats were treated
with either Mancozeb (100 mg/kg) (n=8) or vehicle control (50% v/v PEG
400) (n=8) by oral gavage once a day for 28 days. Animals were sacrificed
after completion of the dosing regimen and samples were collected for
tissue metal analysis. The gastrointestinal tract from stomach to distal
colon were excised from the animal and further split into stomach, duodenum, jejunum, ileum, and colon segments. Due to length of jejunum
and colon, these tissues were further subdivided for ease of analysis.
The jejunum was split into four equal segments (Jeju 1-4) and the colon
was split into three equal segments (Colon A-C). Tissue metal concentration was measured using Inductively-Coupled Plasma Optical Emission
Spectroscopy (ICP-OES). Manganese levels were increased overall in the
gastrointestinal tract of Mancozeb-treated rats with significant differences in stomach [1.688 ± 0.48 ppm/Dry Weight (g)] vs. Control [0.6283
± 0.09 ppm/Dry Weight (g)]; Jejunum 1 [2.211 ± 0.31 ppm/Dry Weight
(g)] vs. Control [1.291 ± 0.08 ppm/Dry Weight (g)]; Jejunum 3 [7.932 ±
2.58 ppm/Dry Weight (g)] vs. Control [2.005 ± 0.26 ppm/Dry Weight (g)];
and Ileum [4.464 ± 1.14 ppm/Dry Weight (g)] vs. Control [1.879 ± 0.22
ppm/Dry Weight (g)]. In Jejunum 1, there were also significant decreases
in zinc, copper, and iron levels compared to controls. However, these
metal levels were not significantly altered in remaining small intestine
and stomach. The present work demonstrates that Mancozeb exposure
results in significant metal uptake which may be implicated in GI toxicity. Future work includes analysis of gastrointestinal morphology using
light and electron microscopy and assessment of oxidative stress.

2655 Permethrin Regulates Intracellular Calcium and
Induces Oxidative Stress and ERK1/2 Activation
in HepG2 Cells

S.-H. Yang, W. Qi, J. M. Clark, and Y. Park. University of
Massachusetts Amherst, Amherst, MA.
Permethrin is a pyrethroid insecticide that acts by membrane depolarization and is also known to alter intracellular calcium levels in neurons.
Imbalanced calcium homeostasis is linked to oxidative stress as well
as many other cellular functions and permethrin has been reported to
disrupt lipid and glucose metabolism in animals and cell models. The
liver plays a critical role in lipid and glucose metabolism, however, it
is not know if permethrin influences calcium levels and its associated
cellular mechanisms in liver cells. Thus, the goal of this project was to
determine the role permethrin on calcium-mediated cellular signaling
pathway, particularly on activation of extracellular signal-related kinase
(ERK1/2 or p42/p44), a MAPK family stress response protein involved in
several metabolic disorder disease, using human hepatocytes, HepG2.
Thirty min of permethrin treatment, at 10 μM and 50 μM, decreased
intracellular calcium levels without causing cytotoxicity. Intracellular
oxidative stress was also significantly increased by permethrin at 48h
following treatment. We further examined the activation of ERK1/2 by
permethrin and found increased expression of phospho-ERK after a 30
min treatment which was sustained to 48h. These results suggested that
the permethrin-induced increase in the phosphorylation of ERK1/2 may
be linked to permethrin’s effect on changes of intracellular calcium concentrations. Further study is required to elucidate the detailed mechanism of how permethrin activates the MAPK pathway and the significance of these observations on liver function.

2656 Toxicological Profile of Revysol®
S. Stinchcombe2, I. Fegert2, R. Mitkus1, R. Buesen2, S. Schneider2, V.
Strauss2, S. Gröters2, and B. van Ravenzwaay2. 1BASF Corporation,
Research Triangle Park, NC; and 2BASF SE, Ludwigshafen,
Germany.
Revysol® (proposed common name: Mefentrifluconazole (CAS-No.
1417782-03-6)) belongs to the new chemical class of isopropanol azoles
developed by BASF. Revysol® is a potent inhibitor of CYP51, which disturbs fungal cell membrane formation by blocking synthesis of ergosterol. Revysol® will be used as a fungicide active ingredient on cereals,
soy bean and various specialty crops. Revysol® is of low acute toxicity
(rat LD50 (oral): >2000 mg/kg bw, rat LD50 (dermal): >2000 mg/kg bw,
LC50 (inhalation): >5.3 mg/L); it is a weak skin sensitizer but not a skin
or eye irritant. More than 80% of orally administered Revysol® is rapidly
absorbed from the gastrointestinal tract of rats, followed by wide body
distribution, extensive metabolism, and (mainly biliary) excretion; no
signs of accumulation were observed. The liver was identified as the
only target organ in rats, mice and dogs in short and long-term studies,
based on clinical-chemistry findings, liver weight increases and histopathology. No evidence for neurotoxicity was found in any study. Revysol®
displayed no genotoxicity in a battery of in vitro and in vivo tests, and was
not carcinogenic in rats and mice. In the rat 2-generation reproduction
toxicity study, there were no fertility or other reproductive performance
issues. Reductions of body weight gains of parents and pups at the top
dose were comparable; an increased incidence of dilated renal pelves in
F2 pups at the top dose was considered to be a secondary effect thereof.
There were no signs of selective developmental toxicity. The absence of
developmental toxicity was confirmed in prenatal developmental toxicity studies in rats and in rabbits. An ADI of 0.05 mg/kg bw and an acute
reference dose of 0.25 mg/kg bw are currently proposed as reference
dose levels for the European Union.

2657 Computational Study Involving Identification of
Endocrine-Disrupting Potential of Herbicides:
Its Implication in TDS and Cancer Progression in
CRPC Patients

M. I. Ahmad. Aligarh Muslim University, Aligarh, India.
Several environmental pollutants, including herbicides, act as endocrine
disrupting chemicals (EDCs). They can cause cancer, diabetes, obesity,
metabolic diseases and developmental problems. Present study was
conducted to screen 608 herbicides for evaluating their endocrine
disrupting potential. The screening was carried out with the help of
endocrine disruptome docking program, http://endocrinedisruptome.
ki.si (Kolsek et al., 2013). This program screens the binding affinity of
test ligands to 12 major nuclear receptors. As high as 252 compounds
were capable of binding to at least three receptors wherein 10 of them
had affinity up to six receptors based on this approach. The latter were
ranked as potent EDCs. Majority of the screened herbicides were acting
as antagonists of human androgen receptor (hAR). A homology modeling approach was used to construct the three dimensional structure
of hAR to understand their binding mechanism. Docking results disclosed that the most potent antiandrogenic herbicides would bind to
hydrophobic cavity of modeled hAR and lead to testicular dysgenesis
syndrome on fetal exposure. However, on binding to T877 mutant AR
they act as agonists implicating them in cancer propagation of CRPC
patients. The paucity of literature on actual experimental data seems to
be a major hurdle in validating the in silico results.

2658 Formulation Development and Validation of

an Analytical Method for Analysis of Pyridine,
2-(1-methyl-2-(4-phenoxyphenoxy)ethoxy)
(Pyriproxyfen) in Support of Rodent Toxicology
Studies

J. C. Blake2, J. Gilliam2, J. Thadani2, D. B. Browning2, R. A. Price2, R.
A. Fernando2, V. G. Robinson1, B. McIntyre1, and S. Waidyanatha1.
1Division of the National Toxicology Program, Research Triangle
Park, NC; and 2RTI International, Research Triangle Park, NC.
2-[1-Methyl-2-(4-phenoxyphenoxy)ethoxy]pyridine (pyriproxyfen)
is an insect growth regulator and act as an juvenile hormone analog.
Formulations of pyriproxyfen are available on the market as foggers,
shampoos, pet collars granules, aerosols, baits and carpet powders.
Pyriproxyfen granules are added to potable water to control mosquito
populations making it a public health concern. A procedure was developed to formulate pyriproxyfen in the range of 0.500 to 250 mg/mL in
corn oil vehicle for gavage administration in rodents. The pyriproxyfen
formulations transition from solution to suspension approximately at
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a concentration of 136 mg/mL. The formulation analysis method was
validated over the range 0.501 to 50 mg/mL in corn oil for quantitation of pyriproxyfen using gas chromatography coupled with flame
ionization detection (GC/FID). The method was suitable for analysis of
formulations with concentrations up to 250 mg/mL by diluting into
validated range with the vehicle. Validation parameters included linearity (r ≥ 0.9999), accuracy (relative errors ≤ 5.4%), and precision (≤
3.0%). Homogeneity was successfully demonstrated on formulations
containing pyriproxyfen at 250 mg/mL with relative errors -4.4 - 2% and
precision ≤6.3%. Formulation stability was evaluated at 1 mg/mL for
up to 42 days and found to be stable at both ambient and refrigerator
temperatures. Formulations were also stable up to 3 hours under simulated dosing conditions (ambient temperature, exposed to air and light).
Pyriproxyfen can be successfully formulated over the dose concentration range of 0.500 to 250 mg/mL and the GC/FID method can be used
to quantitate pyriproxyfen in the corn oil vehicle.

2659 Brain Uptake of Deltamethrin in Rats as a

Function of Maturational Changes in Plasma
Protein Binding and Blood-Brain Barrier
Permeation

M. Amaraneni2, J. Pang2, T. G. Osimitz1, M. R. Creek3, C. A. White2,
B. S. Cummings2, and J. V. Bruckner2. 1Science Strategies,
Charlottesville, VA; 2University of Georgia at Athens, Athens, GA;
and 3Valent U.S.A. Corporation, Dublin, CA.
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It can be important to assess the extent to which chemicals in the systemic circulation gain access to the brain, especially potentially neurotoxic compounds such as pyrethroids. We investigated the role of
age-dependent differences in plasma protein binding and BBB permeability on brain uptake of DLM, using an in situ brain perfusion technique.
One µM 14C-DLM in rat and human plasma from different age-groups
was infused through the left common carotid artery of adult SpragueDawley (S-D) rats, using a Harvard infusion pump. The left half of the
brain was then collected and analyzed for DLM by liquid scintillation
counting. No significant difference was observed in brain uptake of DLM
from PND 15, PND 21 and adult rat plasma. Similarly, uptake of DLM
from plasma from pediatric (birth - 1 week, 1 - 4 weeks, 4 weeks - 1 year,
1 - 3 years) and adult human donors did not vary significantly. The difference in the free fraction of DLM in these plasma samples was not
sufficient to alter brain deposition. We also conducted experiments to
assess the permeability of the immature BBB to DLM and its role in brain
uptake. We measured the uptake of 1, 10 and 50 µM 14C-DLM from 4%
human serum albumin by the infused brain of PND 15, PND 21 and adult
rats. At all concentrations tested, brain uptake was inversely proportional to age. In summary, these data demonstrate that brain uptake of
DLM is not influenced by age dependent differences in plasma binding,
although the immature rat BBB does appear to be more permeable
to these pyrethroids. (Supported by the Council for the Advancement of
Pyrethroid Human Risk Assessment)

2660 Prediction of Acceptable Daily Intake Levels of
Pesticides from Metabolomics In Vitro

V. Beckers1, V. Beckers1, A. Strigun2, S. Sperber1, T. Ramirez1, H. G.
Kamp1, T. Walk2, and B. van Ravenzwaay1. 1BASF SE, Ludwigshafen
am Rhein, Germany; and 2metanomics GmbH, Berlin, Germany.
In vitro technologies are important for screening and toxicity assessment. Using a state-of-the-art platform that combines in vitro cell culturing with metabolome analysis of nearly 250 intracellular metabolites,
we can identify different modes of action of liver toxicants in HepG2
cells. Using this experimental setup, we investigated if quantitative
information obtained with this system, can also be used for prediction
of reference doses e.g. the acceptable daily intake (ADI). HepG2 cells
were treated with 20 different pesticides (15% insecticides 40% fungicides 45% herbicides) with known ADI for 48h at 5 different concentrations. After exposure LC-MS/MS analytics were applied to measure
intracellular metabolomics. Experimental variability was accounted for
through appropriate normalization. We show a general unspecific stress
response of the cells for all compounds, as the first principle component
(32.3 % variance) with a very clear dose-dependency, independent of
the compounds specific effect, the mode of action being the second
principle component (23.2 % variance). Intracellular metabolites contributing most to the unspecific effect are alanine, cystathionine, proline,
creatine, alpha-ketoglutaric acid and a few phosphatidylcholines. First
principle component scores of each individual dose correlated very well
to the applied concentrations; 80% of correlation coefficients > 0.9 and
some up to 0.99. Using the slope of the linear correlation a regression
model was built to predict ADI. This model was validated with a further
test-set of 11 pesticides (also with known ADIs) revealing an excellent
predictivity of ca. 80 %. Outliers were associated with low bioavailability

/ very low in vivo toxicity, indicating that structural compound information and bioavailability-assays will potentially allow for further model
improvement. This proof of concept work indicates that that in vitro
‘omics technologies, such as metabolomics, can deliver a first estimation
of ADI in a fast and efficient fashion.

2661 Permethrin Promotes Adipogenesis via Calciumand ER Stress-Mediated Mechanisms in 3T3-L1
Adipocytes

X. XIAO2, S.-H. Yang2, W. Qi2, Q. Sun2, D. Kim2, K. S. Yoon1, J. M.
Clark2, and Y. Park2. 1Southern Illinois University, Edwardsville, IL;
and 2University of Massachusetts Amherst, Amherst, MA.
Permethrin, a pyrethroid insecticide, was previously reported to
promote adipogenesis in vitro and weight gain in vivo. However, the
mechanism by which permethrin promotes adipogenesis/obesity has
not been fully explored. Intracellular calcium and endoplasmic reticulum
(ER) stress were previously reported to be linked with adipogenesis and
obesity. Thus, we investigated the effects of permethrin on intracellular
calcium levels and endoplasmic reticulum (ER) stress markers using
3T3-L1 adipocytes. 3T3-L1 cells were treated with four different doses of
permethrin (0.01, 0.1, 1 & 10 µM) for 6 days of differentiation. Treatment
of permethrin dose-dependently increased intracellular calcium levels.
In addition, permethrin treatment dose-dependently increased protein
levels of ER stress markers; endoplasmic reticulum oxidoreductase alpha
(Ero1-Lα), binding immunoglobulin protein (BiP), phosphorylation of
protein kinase RNA-like endoplasmic reticulum kinase (PERK), eukaryotic
translation initiation factor 2α (eIF2α), and inositol-requiring enzyme 1α
(IRE1 α). Consistently, C/EBP homologous protein (CHOP, a downstream
marker for PERK) and the spliced isoform of X-box binding protein 1
(XBP1s, a downstream marker for IRE1α) were dose-dependently
increased by permethrin. These data suggest that intracellular calcium
and ER stress may play roles in permethrin-induced adipogenesis in
3T3-L1 cells. (This project is supported by NIH R21ES023676)

2662 Chlorpyrifos Induces Persistent Airway
Hyperreactivity in Rats

F. Shaffo, C. Grodski, E. Schelegle, and P. Lein. University of
California Davis, Davis, CA.
Occupational and environmental exposures to organophosphorus pesticides (OP) have been associated with increased incidence of human
asthma. While the canonical mechanism of OP neurotoxicity is inhibition of acetylcholinesterase (AChE), we have previously demonstrated
that the OP chlorpyrifos (CPF) causes airway hyperreactivity (AHR) in
adult rats 24 h after exposure to levels that do not inhibit AChE in the
lung, brain or blood. These studies recapitulated findings in a guinea
pig model of OP-induced AHR, suggesting that this is a cross-species
phenomenon. To further these findings, we investigated whether this
physiological effect persisted for more than 24 h after a single subcutaneous injection of CPF. To address this, 8 week old male Sprague Dawley
rats were administered the same dose of CPF we previously demonstrated caused AHR in rats at 24 h post-injection (30 mg/kg, s.c.), and
AHR was assessed at 1, 2, 3 or 7 days post exposure. Lung mechanics was
measured using a Flexivent mechanical ventilator. AHR was assessed
using electrical stimulation of the vagus nerves. At the conclusion of
physiological measurements, the lungs, cerebella and peripheral blood
were collected and assayed for AChE activity. CPF significantly increased
airway resistance at 1, 2, 3 and 7 days post-exposure, and this effect was
accompanied by decreased lung compliance. CPF did not significantly
decrease AChE activity in any tissue at any time point. These data indicate that CPF-induced AHR persists for at least one week post exposure,
a finding that has significant implications for assessing the risk posed by
CPF, and potentially other OPs, to human health and safety. This work
was supported by the NIH (grants R01 ES017592 and T32 HL07013).

2663 Degradation of Fenamiphos Using Rhodococcus
B30E, a Rhodococcus Sp

E. Egiebor2, C. Joshua1, and R. Ankumah1. 1Tuskegee University,
Tuskegee, AL; and 2University of Illinois, Springfield, IL.
Fenamiphos is an organophasphate insecticide which is used to control
a wide variety of nematodes. It is used on different plants including
banana, pineapple and cocoa. Due to its use in farmlands, fenamiphos can contaminate soil and groundwater. Fenamiphos is very toxic
to living organism; therefore, it is important that it degrades rapidly.
Bioremediation using microbes is a cost effective way to clean up
contaminated environmental sites. Bioremediation is currently being

2664 Oncogenic Risk to Workers and the General
Public from Inhaled 1,3-Dichloropropene

A. L. Rubin, C. Aldous, I. Reeve, P. Lohstroh, S. Rinkus, C. Lewis, M.
Wilbur, T. Barry, E. Kwok, S. Koshlukova, S. Beauvais, and M. VerderCarlos. Cal EPA, Sacramento, CA.
1,3-dichloropropene (1,3-D; MW, 110.98) is a fumigant used to control
nematodes, insects and disease organisms in soil. 1,3-D is applied by
pre-plant soil injection or drip irrigation. Volatilization creates a potential for human respiratory exposure. 1,3-D is oncogenic in laboratory
animal studies by the oral, dermal and inhalation routes. Male mice
exposed by the inhalation route for 2 years exhibited a concentration-dependent increased incidence of bronchioloalveolar adenomas,
becoming statistically significant at 60 ppm. Evidence for genotoxicity
in several in vitro and in vivo tests combined with the absence of evidence for a threshold concentration supported use of linearized multistage modeling to calculate oncogenic potencies. The latter values,
expressed as air unit risk levels (AURs), were calculated after converting
the air concentrations used in the mouse study to human equivalent
concentrations using the regional gas dose ratio (RGDR) approach.
Calculations were carried out assuming both portal of entry (PE) and
systemic (SM) modes of action, choice of which strongly influenced the
size of the RGDR scalar. Resultant AURs using the PE mode were 0.0059
ppm-1 and 0.018 ppm-1 for occupational and non-occupational exposure scenarios, respectively. Using the SM mode, AURs were 0.02 ppm-1
and 0.062 ppm-1. Lifetime breathing zone air concentrations---defined
as the daily air concentrations to which individuals are exposed over a
lifetime---for occupational scenarios were estimated from direct 1,3-D
monitoring studies and from model simulations. Multiplying the AUR
by the exposure estimate generated occupational cancer risk values
between 1.9x10-6 to 1.7x10-2 for the PE mode and 6.6x10-6 to 5.6x10-2 for
the SM mode. Lifetime risk values for ambient scenarios were estimated
using simulated air concentrations and two population-based exposure
assessment models, MCABLE and HEE5CB. Resultant ambient cancer risk
values ranged from 2.30x10-6 (MCABLE, female, 30-year fixed exposure,
PE mode) to 4.04x10-5 (HEE5CB, male, low mobility, birth to age 70, SM
mode). Imposition of an age sensitivity factor increased the risk by 1.7fold for both the PE and SM mode. Regulation of 1,3-D will depend on
the choice of negligible risk standard (10-4 - 10-6).

2665 Age-Dependent Toxicokinetics (TK) of TransPermethrin (TRANS) in Adult and Juvenile
Sprague-Dawley (SD) Rats

T. Mortuza2, J. Pang2, T. S. Osimitz1, M. R. Creek3, B. S. Cummings2,
J. V. Bruckner2, and C. A. White2. 1Science Strategies, LLC,
Charlottesville, VA; 2University of Georgia, Athens, GA; and 3Valent,
Dublin, CA.
TRANS, an isomer of permethrin, has been extensively used as a pesticide in domestic and agricultural settings in US, Canada, and Europe.
Nevertheless, there are only limited TK data available for development
and validation of comprehensive physiologically-based pharmacokinetic (PBPK) models for subpopulations, notably children. The purpose
of the study was to characterize the age- and dose-dependency of TRANS
time-courses in plasma and selected tissues. Adult male and two groups
of immature (15- and 21-day-old) SD rats of mixed gender were administered different doses of TRANS as a single oral bolus in 5 mL corn oil/kg.
The adult rats were given 120, 150, and 300 mg TRANS/kg; preweanlings
(15-day-old) and weanlings (21-day-old) were dosed with 300 and 600
mg TRANS/kg. Serial sacrifices were performed (N=4/time-point) 1, 2,
4, 6, 8, 12, and 24 hr post dosing for collection of plasma, brain, liver,
muscle, and fat for analysis by HPLC. TRANS was absorbed more rapidly
by the pups, as their times to peak concentrations in plasma and tissues
were shorter than for adults. Plasma, brain, liver, and muscle peak levels
in weanlings and preweanlings were 3 and 6 times higher than in adults

respectively. TRANS clearance in preweanlings and weanlings was much
slower than in adults. The lower clearance and high peak levels resulted
in significantly higher AUCs in the younger age-groups than the adults.
Brain TRANS levels were much lower than plasma levels in all groups,
apparently reflecting limited target organ uptake. TRANS levels rose
progressively in fat during the 24-hr monitoring period, achieving very
high concentrations in adults. Preweanlings and weanlings, however,
had no visible fat. The negligible storage depot, coupled with metabolic
saturation, are likely important contributors to the elevated plasma and
tissue TRANS levels in immature animals. Supported by the Council for
Advancement of Pyrethroid Human Risk Assessment (CAPHRA).

2666 Effect of o,p’-DDT on Fatty Acid Synthase

Expression via Akt /SREBP-1c Pathway in Breast
Cancer Cells

S. J. Kim, G. H. Lee, and H. G. Jeong. Chungnam National
University, Daejeon, Korea, Republic of.
Fatty acid synthase (FASN), a key enzyme that synthesizes long chain
fatty acids, is involved in both normal lipid synthesis and cancer development. FASN expression is elevated in breast cancers and is associated
with poor prognosis. o,p’-dichlorodiphenyltrichloroethane (o,p’-DDT)
is one of the endocrine disruptor that can induce inflammation and
cancer. In this study, we investigated the effect of o,p’-DDT on FASN
expression in breast cancer cells. o,p’-DDT increased FASN expression
by modulating sterol regulatory element-binding protein-1c (SREBP-1c)
activation. Also, o,p’-DDT upregulated the expression of SREBP-1c by
activating the Akt signaling pathway, which in turn directly activated
the transcription of major lipogenic gene FASN to promote devo lipogenesis. These results suggest that increased lipid accumulation and
cancer development caused by o,p’-DDT might be involved in Akt
pathway in breast cancers.

2667 ToxCast and the Next Generation of Risk

Assessment: Evaluating How Select ToxCast Data
for the Herbicides Propanil and Linuron Could Be
Utilized

P. R. Dodmane, P. Lohstroh, S. Koshlukova, M. Silva, S. DuTeaux,
and M. Verder-Carlos. Cal EPA, Sacramento, CA.
Propanil and linuron are widely used herbicides in California (CA). They
act by selective inhibition of photosynthetic electron transport in target
plants. In mammals, the best characterized toxic modes of action (MOAs)
for both herbicides include the oxidation of hemoglobin and the antagonism of androgenic signaling. Pesticide risk assessments depend on
endpoints observed in in vivo animal studies, human population-based
and clinical studies, and mechanistic information. ToxCast data is one
major source of mechanistic information from in vitro assays based on
cellular and molecular steps in known biological pathways. We considered the intrinsic limitations of the in vitro ToxCast assays to predict the
behavior of complex biological systems. Available in vitro ToxCast results
were evaluated for their use in support of critical toxicity endpoints from
in vivo animal studies. In vivo toxic effects of linuron and propanil include
hematological effects (e.g. methemoglobinemia and hemolytic anemia)
as well as incidence of testicular tumors in male rats. While there are no
current ToxCast assays that test for methemoglobin-mediated hematologic toxicity of either compound, ToxCast data confirmed the anti-androgenic activities and provided support for a putative common MOA
for the induction of testicular tumors in vivo. Additionally, ToxCast assay
data show that both compounds perturb diverse signal transduction
pathways at multiple levels and can directly affect the catalytic activities
of proteins involved in detoxification (e.g., both propanil and linuron
are androgen receptor antagonists, modulate the activities of multiple
transcription factors, and inhibit multiple CYP enzymes). In conclusion,
the high-throughput in vitro toxicity data from ToxCast may be used to
elucidate MOAs and adverse outcome pathways (AOPs) for human risk
assessment. Pesticides like propanil and linuron with rich in vivo databases could be part of a data pool to test the ability of ToxCast data in
predicting in vivo adverse effects. Note: The opinions are the authors’ and
do not necessarily reflect the policies of Cal EPA.
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used by the Environmental Protection Agency (EPA) for hazardous site
cleanup and there is need to find more species of microbes that can
degrade a variety of toxicants. The goal of the study was to determine
if Rhodococcus B30E, a strain of Rhodococcus B30, which was isolated
from an EPTC enhanced soil, could degrade fenamiphos and utilize it as
sole carbon and nitrogen sources. The study was conducted by inoculating the bacteria strains into minimal salt medium supplemented with
the pesticide. Growth of B30E on the pesticides was monitored by measuring the growth using plate count. Pesticide degradation was monitored by determining the decrease of the parent pesticide using gas
chromatography. The results revealed that Rhodococcus B30E was able
to efficiently utilize fenamiphos as sole carbon and nitrogen sources.
This study is the first to show that Rhodococcus B30E did not need additional carbon source to degrade the pesticide as suggested by other
researchers.

2668 Effects of Chlorpyrifos on Lipid Metabolism
in Olfactory Tissues of Rainbow Trout
(Oncorhynchus mykiss)

D. Schlenk2, C. Pope1, T. Anderson1, J. Liu1, V. Dang3, and N.
Denslow3. 1Oklahoma State University, Stillwater, OK; 2University
of California Riverside, Riverside, CA; and 3University of Florida,
Gainsville, FL.
Chlorpyrifos is an organophosphorus insecticide that elicits acute toxicity through the inhibition of acetylcholinesterase, leading to acetylcholine accumulation and prolonged stimulation of cholinergic receptors throughout the central and peripheral nervous systems. Previous
studies have indicated that neurodevelopment may be impaired
through alternative pathways including alterations in neuronal signaling, specifically through the reduction of cAMP catalyzed downstream events. The rainbow trout model has shown a linkage between
neuronal signal impairment, olfactory physiology and behavior, which
was not related to chlorpyrifos-induced acetylcholinesterase inhibition.
In order to understand better upstream events that initiate molecular
changes in second messenger signaling, the effects of chlorpyrifos on
lipidomic changes were explored. Animals were treated with sublethal
concentrations of chlorpyrifos for 7 days. The activity of monoacylglycerol (MAG) lipase, a serine hydrolase that is sensitive to inhibition by
chlorpyrifos (oxon), was inhibited in olfactory rosettes in a dose-related
manner. Overall, fatty acid profiles were also examined to identify alterations that may play a critical role in upstream signaling in olfactory
rosettes. The results of this study suggest lipid profiles may be impaired
by sublethal exposures to chlorpyrifos, which may initiate diminished
signaling previously observed in this model.

2669 Correlation between Toxic Organochlorine
Pesticides and Breast Cancer

S. A. Eldakroory, D. A. El Morsi, R. H. Abdel Rahman, S. Roshdy, M.
Sami, and E. Khashaba. Faculty of Medicine, Mansoura, Egypt.
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Organochlorine compounds (OCs) are common environmental pollutants that have been linked to cancer. This work aims to assess the role of
OCs as a risk factor for breast cancer and to evaluate the cellular changes
induced by exposure to such environmental contaminants. The study
included 70 cancer patients subjected to thorough history taking and
routine investigations. Samples from tumor and normal adjacent tissue
were taken to measure OC levels and to perform molecular analysis
(some oncogenic and apoptotic markers) by flow cytometry. There were
significantly higher concentrations of methoxychlor, dichloro-diphenyl-trichloroethane (DDT), hexa-chlorobenzene (HCB) and chlordane
in tumor tissue samples compared to the surrounding normal tissue.
There was a positive statistically significant correlation between G2m
and dichloro-diphenyl-dichloroethane (DDD), DDT and methoxychlor.
Also, there was a negative correlation between propidium iodide (PI)
and heptachlor as well as between PI, Bcl-2 and methoxychlor. Annexin
showed a negative correlation with HCB and methoxychlor. In conclusion, the higher level of organochlorine pesticides in the adipose tissue
specimens of breast cancer and the resultant molecular dysfunction
highlight a possible association. Further research is warranted to elucidate the other mechanisms involved in the process of carcinogenesis.

2670 Estrogen Receptor Independent Toxic

Mechanism of Chlorpyrifos and Chlorpyrifos
Oxon in Human Breast MCF-7 Cells

M. M. Bushra, A. Elnabawi, and A. Ishaque. University of Maryland
Eastern Shore, Princess Anne, MD.
Environmental estrogen-like chemicals have been increasingly recognized as potentially hazardous factors for human health. They can act at
very low doses, and can affect the synthesis of natural hormones, their
release and/or transport. Estrogen receptor alpha (ERα) is the major regulator of breast cancer tumor behavior. In mammary gland, 17β-estradiol (E2) promotes cell proliferation in both normal and transformed epithelial cells by modifying the expression of hormone responsive genes
involved in the cell cycle and /or programmed cell death. Chlorpyrifos
(CPF) is one of the most widely used organophosphate insecticides in the
US CPF is an endocrine disrupter with anti-androgenic and estrogenic
properties and reduces serum levels of cortisol and thyroid hormone
T4. CPF is metabolizes in human liver to the active metabolite, chlorpyrifos-oxon (CPO) which produces neurotoxicity by inhibiting esterases in
the central and peripheral nervous system. The aim of this study was to
investigate whether CPF and its metabolite, CPO causes human breast
cell death in a concentration-dependent manner, and further investigate whether the toxic effects may be mediated through ER. MCF-7 cells

were treated for different exposure times and various concentrations of
CPF or CPO in absence and presence of 17β-estradiol (E2). Cell proliferation and viability, and apoptotic cell death were assessed. Our results
indicated that exposure to CPF or CPO significantly decreased cell proliferation in a concentration-dependent manner in MCF-7 cells. The ER
antagonists, ICI 182,780, and tamoxifen, did not block these effects. By
contrast, these antagonists inhibited E2-induced cell proliferation. This
study demonstrated that exposure to CPF or CPO can cause toxic effect
which may not be directly mediated through an ER receptor. Also, it will
provide relevant evidences on the action of CPF and CPO as environmental breast cancer risk factor. (Supported by Title III)

2671 Association between Pesticides in Sediments

from Magdalena River, Colombia, and the Effects
of Methanolic Extracts on the Reproduction of
Caenorhabditis elegans

L. Tejeda-Benitez2, K. Noguera1, D. Aga1, and J. Olivero-Verbel2.
1University at Buffalo, Buffalo, NY; and 2University of Cartagena,
Cartagena, Colombia.
Pesticides are one of the most abundant pollutants in river sediments.
The aim of this study was to assess the presence of pesticides in sediments from Magdalena River, Colombia, and their associated toxicity
on Caenorhabditis elegans. Sediment samples were collected in 20
sites along the river, freeze dried, analyzed for 40 pesticides, and used
to obtain methanolic extracts that were then tested on C. elegans.
Nematodes in L4 larval stage were exposed to leachates for 24 h to evaluate effects on fertility and reproduction. The most abundant pesticides
in Magdalena River sediments were atrazine (0.76 ± 0.99 ng/g), bromacil
(0.74 ± 0.52 ng/g), 4,4´-DDE (0.66 ± 1.38 ng/g), and chlorpyrifos (0.45 ±
0.64 ng/g). The highest concentration of these pesticides were found in
agricultural areas with extensive oil palm plantations. All samples presented DDT/(DDE+DDD)<1 suggesting historical contributions of DDT.
Most samples also had DDT/DDE <1, implying aerobic conditions during
DDT degradation. Methanolic extracts of sediments inhibited nematode
fertility, egg-production and brood size up to 22%, 33% and 37%, compared to control, respectively. Strong and negative correlations were
observed between biological responses; fertility, egg-production, and
brood size, and the concentration of pesticides; dichlorvos, mevinphos,
metachlor, trans-chlordane, cis-chlordane, DDD, endosulphan sulfate,
famphur, and chlorpyrifos. In conclusion, the presence of pesticides in
Magdalena River sediments is associated with deleterious reproductive
outcomes on C. elegans. (Colciencias FP44842-070-2016)

2672 Determination, Compositional Distribution,

and Toxicity Assessment of Organochlorine
Pesticides and Polychlorinated Biphenyls (PCBs)
in Sediment from Edku Lake Northern Delta Lake
of Egypt

A. S. Saad1, M. A. Massoud1, R. A. Amer2, M. A. Ghorab3,4,, and M.
J. Zwiernik3. 1Alexandria University, Alexandria, Egypt; 2City for
Scientific Research and Technology Applications (SRTA-City),
Alexandria, Egypt; 3Michigan State University, East Lansing, MI;
and 4National Institute of Oceanography and Fisheries (NIOF),
Alexandria, Egypt.
The environmental pollution with pesticides is one of the most serious
problems that facing the world due to their potential toxicity, high persistence and slow degradation. The present study was conducted to
investigate the determination, compositional distribution, and toxicity
assessment of 19 EPA organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) were determined in sediment samples collected
from 12 different locations covering the region that receives the majority
of the industrial, agricultural and urban effluents (land-based activities),
thus is expected to be contaminated with different degrees of pollution.
Sediment samples were analyzed for organochlorine pesticides (a-HCH,
b-HCH, c-HCH, d-HCH, heptachlor, methoxychlor, heptachlor-epoxide,
aldrin, dieldrin, endrin, endrin aldehyde, endrin ketone, c-chlordane,
a-endosulfane, b-endosulfane, p,p0 -DDE, p,p0 -DDD, p,p0 -DDT), and
PCBs (PCB 18, 28, 44, 52, 101, 118, 138, 153, 180 and 194). The samples
were analyzed by gas chromatograph-mass spectrometer (GC-MS/MS).
Pollutant levels of total OCPs showed significantly high levels in drains
more than other sites. Concentrations of, HCHs, DDTs, cyclodienes and
PCBs ranged from 0.07 to 5.81, 0.11 to 3.15, 0.23 to 2.57 and 0.33 to 3.89,
ng/g dry weight, respectively. The presence of dominant DDT isomers
(p,p’-DDE and p,p’-DDD) indicated the historical input of DDT and significant aerobic degradation of the compound. This explains the variety

2673 Early-Life Exposure to Arsenic Potentiates

Susceptibility to Alcoholic Liver Disease in
Zebrafish

K. Bambino1, J. Chu1, and K. C. Sadler2. 1Icahn School of Medicine at
Mount Sinai, New York, NY; and 2New York University Abu Dhabi,
Abu Dhabi, United Arab Emirates. Sponsor: R. Wright.
Fatty Liver Disease (FLD) is the most common liver disease worldwide,
with increasing annual incidence. FLD is linked to environmental exposures including alcohol abuse, obesity, viral infection and toxicants.
Interestingly, alcoholic liver disease (ALD) only progresses to hepatitis
or cirrhosis in a subset of those who abuse alcohol. We hypothesized
that a 2-hit mechanism underlies ALD progression and propose that
arsenic (As) exposure is a strong candidate as exposure is highly prevalent, with insidious and hepatotoxic effects. We examined 1) the contribution of arsenic to FLD and 2) the interaction between As and alcohol
using a well-established zebrafish model of ALD (24 hour exposure to
350 mM ethanol). Early-life exposure to inorganic As (130 ppm) alone
was sufficient to cause FLD (5 dpf, n = 5 clutches, > 60 larvae per condition, p = 0.0078), which persisted even after the removal of arsenic,
demonstrating a programming effect of As on FLD (8 dpf, n = 2 clutches,
> 30 larvae per condition; p = 0.043). Live confocal imaging of an endoplasmic reticulum (ER)-specific transgenic reporter revealed that As
exposure led to profound disruption of the endoplasmic reticulum of
hepatocytes (n = one clutch, 0/6 control, 6/9 As). Gene expression analysis of livers from As-exposed larvae demonstrated induction of genes
involved in the Unfolded Protein Response (UPR; n = 9 clutches; p <
0.01 for each gene), which our previous work has shown to be required
for steatosis caused by alcohol and other stimulants. Alcohol exposure
showed synergistic lethality with inorganic arsenic (n ≥ 3 clutches; p <
0.01), suggesting that these exposures may work together through UPR
activation to enhance liver toxicity. Most significantly, combined exposure to As and alcohol potentiated induction of UPR-associated gene
expression (n = 3 clutches; p < 0.05 for each gene) compared to that in
livers of zebrafish treated with either agent alone. Our data suggest that
As exposure leads to induction of the UPR to cause FLD, and that joint
exposure to alcohol exacerbates FLD. Further studies will elucidate the
mechanisms by which early-life exposure to As and alcohol lead to progressive liver disease at environmentally-relevant doses.

2674 Evaluating the Developmental Toxicity of PAHs
in Embryonic Zebrafish

S. Schkoda1, M. Geier2, and R. Tanguay2. 1California State
University, Fullerton, Fullerton, CA; and 2Oregon State University,
Corvallis, OR.
Polycyclic aromatic hydrocarbons (PAHs) are formed from high pressure
processes or incomplete combustion from either natural or anthropogenic sources of petrogenic or pyrogenic compounds and are abundant in our environment. It remains unclear the impact PAHs have on
human health, especially during early stages of development. Zebrafish
are a widely-used model to study developmental toxicity due to transparent structure throughout rapid development and conserved molecular pathways. Using this powerful animal model, we exposed 6 hours
post fertilization (hpf) dechorionated embryos to 120 PAHs to 6 concentrations up to 50 µM. From this large screen, nine PAHs with varying
structure and reactive groups (carbazole, 2,3-dihydroxynaphthalene,
benzo[c]phenanthrene[1,4]quinone, 2-methylnaphthalene, anthracene, dibenzo[a,i]pyrene, benzo[j]fluoranthene, benzo[k]fluoranthene,
and retene) were selected to conduct follow up studies on to define a
more precise dose response curve. Embryos were assessed over development for morphological (24, 48 and 120 hpf) and behavior (24 and
120 hpf) defects. Morphological malformations observed includes yolk
sac edemas, pericardial edemas, and axis, craniofacial, and pectoral
fin defects. Exposure to high PAH concentrations induced a repressed
response to light stimulus at both embryonic and larval life stages, suggesting complications to neurobehavioral development. A growing
hypothesis in our lab is developmental toxicity of many PAHs may be
caused by activation of the aryl hydrocarbon receptor (AHR). A surrogate measure of AHR is through by measuring CYP1A expression. For all
9 PAHs, CYP1A was observed in the yolk sac, and/or liver. To understand
potential mechanism of action, future studies will include full-transcriptomic comparison amongst the 9 PAHs, and building a model to predict
developmental toxicity of PAHs.

2675 Bisphenol S and Bisphenol A Exposure Alters

Lipid Deposition and Morphometric Endpoints
following Embryonic Exposure in Zebrafish
(Danio rerio)

M. Ciesla, L. A. White, and K. Cooper. Rutgers University, New
Brunswick, NJ.
Bisphenol S and Bisphenol A exposure alters lipid deposition and morphometric endpoints following embryonic exposure in Danio rerio
Bisphenol-A (BPA) is used in the production of plastic bottles, canned
foods, and epoxy resins. Due to concerns about the toxicity of BPA, manufactures have switched to using other industrial substitutes, such as
Bisphenol-S (BPS). Toxicological studies on BPS and BPA in mice have
found that embryonic exposure predisposed mice to obesity when fed
a high fat diet; however, it is unknown what contribution embryonic
exposure and maternal effect has on these outcomes. With obesity on
the rise, it is important to understand if BPA and BPS contribute to this
rise since they are detected in 93% and 81% of human urine samples
respectively. Within in vitro literature, there is a difference in potency
of BPS relative to BPA across different hepatic and adipocyte cells in
altering lipid accumulation. By using zebrafish embryos, we can assess
how the differences seen in cell lines translate in whole organisms. Our
goal is to investigate the effects of developmental exposure to BPA
and BPS using the zebrafish model to study how these compounds
alter lipid metabolism and accumulation. We hypothesize that BPA and
BPS exposure during embryonic development will alter the accumulation of lipids and that BPA will be more potent than BPS. To test this
hypothesis, zebrafish (Danio rerio)&nbsp;embryos were exposed to 25
μM, 250 μM, and 1000 μM BPS and 2.5 µM, 10 µM, and 25 µM BPA from
3 hours post fertilization (hpf) until 96hpf in a static non-renewal water
bath. Twenty zebrafish per replicate were pooled and stained with Oil
Red O, to stain for neutral lipids. In addition to staining, morphometric
analysis was performed to evaluate the general toxicity of BPA and BPS
across various concentrations. Exposure to 25µM BPA and 1000µM BPS
increased interoccular distance, pericardial sac size, and yolk sac size,
while exposure only to 1000µM BPS decreased total length. Also, there
was reduced Oil red O stain in the body of the zebrafish exposed to the
highest concentrations of BPA and BPS. Our data indicate that embryonic exposure alters development and decreases neutral lipid accumulation, with BPS being less potent than BPA. Further analysis will be performed to examine lipid accumulation, lipid composition, and growth
development post exposure.

2676 The microRNA-27 is Elevated in Alveolar

Macrophages Isolated from Mice Bearing Carbon
Nanotube-Induced Granulomas

M. McPeek. East Carolina University, Greenville, NC. Sponsor: M. J.
Thomassen.
Pulmonary granuloma formation is a complex and poorly defined
response to inhaled pathogens and particulate matter. We have established a murine model of multi-wall carbon nanotube (MWCNT) induced
pulmonary granulomatous disease which bears striking resemblance
to chronic pulmonary sarcoidosis-a pathology characterized by granulomatous inflammation. Sixty days following oropharyngeal instillation
of MWCNT, alveolar macrophages exhibit pro-inflammatory cytokine
production and reduced expression and activity of peroxisome-proliferator activated receptor gamma (PPARγ) - characteristics also observed
in alveolar macrophages of sarcoidosis patients. PPARγ is a nuclear
transcription factor known to regulate pro-inflammatory macrophage
activation and pulmonary lipid homeostasis through the activity of
ATP binding cassette transporter G1 (ABCG1). ABCG1 and the complimentary lipid transporter ABCA1 efflux lipids from the cell and prevent
the formation of foam cells, lipid laden macrophages which propagate
the inflammatory phenotype. Alveolar macrophages from C57Bl/6J wild
type mice 60 days following MWCNT instillation have reduced ABCA1
and ABCG1 expression as well as increased intracellular lipid content. We
hypothesized that the deficiency of PPARγ-ABCG1 and ABCA1 expression may involve microRNAs, small non coding RNAs which inhibit
target gene expression. The microRNA-27 has been shown to regulate
the expression of both PPARγ and ABCA1 in other systems. Evaluation
of alveolar macrophages 60 days following MWCNT instillation found
miR-27 expression is elevated 3.2 fold compared to sham instilled controls (n=3-5, p<0.01). These observations prompted further evaluation
of alveolar macrophages at earlier time points. Ten days following
MWCNT instillation we observed a 25% reduction in PPARγ expression
and 45% decrease in ABCG1 mRNA when compared to control mice
(n=3-5/group, p<0.01). ABCA1 expression was also decreased 50% in
MWCNT instilled mice compared to controls (n=3-5/group, p<0.01).
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of organochlorines input sources to studied locations. Also, The results
revealed the direct relation for the accumulation of OCPs between
studied ecosystem parameters at the Edku Lake during the winter
season. Therefore, our result suggest that high levels of urbanization can
increase the accumulation of Pollutant levels in aquatic environment.

Interestingly, the expression of miR-27 was also elevated 2.6 fold 10
days following MWCNT instillation (n=3-5, p<0.01). These observations
suggest that miR-27 may play a role in pulmonary granuloma formation
and persistence through the regulation of the PPARγ-ABCG1 pathway
and the expression of ABCA1.

2677 Nitrogen Mustard Induces Nuclear Hypertrophy
in Mouse Epidermis

Composto3,

G. M.
G. X.
R. P.
D. L.
D. E.
Heck2, J. D. Laskin3, and L. B. Joseph3. 1MRIGlobal, Kansas City,
MO; 2New York Medical College, Valhalla, NY; and 3Rutgers
University, Piscataway, NJ.
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Nitrogen mustard (NM, bis(2-chloroethyl)methylamine) is a highly
reactive bifunctional alkylating agent that targets DNA. In the skin, it
causes extensive tissue damage and blistering. In the present studies,
a modified cutaneous murine patch model was used to characterize
NM-induced nuclear damage and repair. NM (20 μmol) or vehicle
control was applied onto 6 mm glass microfiber filters affixed to the
shaved dorsal skin of CD-1 mice for 6 min. This resulted in exposure to
4 µM NM. Histological sections of skin tissue were analyzed 1-5 days
post exposure. NM caused a loss of stratum corneum along with an
infiltration of neutrophils and macrophages at the dermal/epidermal
junction. Proliferating cell nuclear antigen (PCNA), a marker of cellular
proliferation and wound repair, was contiguous in the nucleus of basal
cells of control skin, PCNA was upregulated following NM exposure.
Basal keratinocyte double stranded DNA breaks and oxidative stress
were evident, as measured by phospho-histone 2A.X (phospho-H2A.X)
and 8-hydroxy-2’-deoxyguanosine (8-OHdG) expression, respectively.
Within two days of NM, a 1-2 fold increase in skin wound thickness was
observed, along with a hyperplastic epidermis. This was accompanied
by the appearance of hypertrophic basal cell nuclei which persisted in
the tissue for at least five days. These nuclei, which had increased in
size 3-4 fold, were largely associated with proliferating keratinocytes
that were replacing NM damaged epidermal layers. Although PCNA continued to be expressed in the enlarged basal nuclei, after 5 days, there
was a marked decrease in expression of phospho-H2A.X and 8-OHdG.
Taken together, these data indicate that nuclear hypertrophy and epidermal hyperplasia may be necessary for skin wound repair following
NM exposure. (Supported by NIH/NIEHS grants AR055073, ES005022, and
T3ES007148)
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2678 Pathological Analysis of the Mouse Models of

Epithelial Ovarian Cancers (EOCs) and Antitumor
Activity of Antimetabolite, FF-10502

A. Ohguchi-Yamauchi, S. Mima, C. Kakinuma, and H. Iwamura.
Fujifilm Corporation, Kanagawa, Japan.
Epithelial ovarian cancer (EOC) is the most common of death from gynecological cancer and carries a poor prognosis. To promote new drug
development for EOC, we pathologically analyzed two mice models
bearing intraperitoneally disseminated human ovarian tumors and
evaluated anti-tumor activity of FF-10502, an antimetabolite with close
chemical structure to gemcitabine in the models. Female Balb/c nu/
nu mice were injected with human ovarian cancer cells, ES-2 or SKOV3,
intraperitoneally, and autopsied sequentially. Moribund mice were also
autopsied and histologically examined. Anti-tumor activity was evaluated by survival days of these mice treated with intravenous administration of either vehicle (saline), FF-10502 (240 or 480 mg/kg weekly for
1 month or 8 mg/kg daily for 10 days), or gemcitabine (240 or 480 mg/
kg weekly for 1 month). Paclitaxel (15 or 30 mg/kg) plus carboplatin (120
mg/kg) monthly for 1-2 month as standard chemotherapeutic agents
was also used. The autopsy and pathological analysis revealed that both
mice models were similar to human EOC, i.e., many small tumor nodules
were detected in abdominal cavity, tumor cells infiltrated or metastasized to various abdominal and thoracic organs and formed ascites. The
lung metastasis was more aggressive in ES-2 than in SKOV3. In contrast
to SKOV3, which formed bloody ascites, ES-2 formed chylous ascites.
The moribund mice presented lean, abdominal distention due to the
ascites and severe anemia. In addition, ES-2 presented tumor obstructive cholestasis. Anti-tumor efficacy study showed that the median survival days for test drugs in ES-2 model were 73.5 (FF-10502), 50.5 (gemcitabine), 24 (paclitaxel plus carboplatin) and 18.5 (saline), respectively.
Of the SKOV3 model, the median survival days were over 130 (FF-10502),
101.5 (gemcitabine), 109 (paclitaxel plus carboplatin) and 72 days
(saline), respectively. FF-10502 were significantly prolonged the survival
in both models (p<0.0001 vs saline). The pathological details of the two

mice models demonstrated similarities to human EOC in disease progression and differences from each other in metastatic aggressiveness
and properties of the ascites. We also demonstrated that FF-10502 treatment prolonged survival of mice to a greater extent than that observed
with gemcitabine or paclitaxel plus carboplatin in these models.

2679 Trichloroethylene Exposure Reduces Liver Injury
in a Mouse Model of Primary Biliary Cholangitis

Ray1,

J. L.
A. K. Kopec1, N. Joshi1, H. Cline-Fedewa1, L. H. Lash3,
K. J. Williams1, P. S. Leung2, M. E. Gershwin2, and J. P. Luyendyk1.
1Michigan State University, East Lansing, MI; 2University of
California Davis School of Medicine, Davis, CA; and 3Wayne State
University School of Medicine, Detroit, MI.
Trichloroethylene (TCE) is a persistent environmental contaminant
proposed to contribute to autoimmune disease. Experimental studies
in lupus-prone MRL+/+ mice have suggested that TCE exposure can
trigger autoimmune hepatitis. The vast majority of studies examining
the connection between TCE and autoimmunity utilize this model, and
the impact of TCE exposure in other established models of autoimmune
liver disease is not known. We tested the hypothesis that TCE exposure
exacerbates experimental hepatic autoimmunity in dominant negative transforming growth factor beta receptor type II (dnTGFBRII) mice,
which develop serological and histological features resembling human
primary biliary cholangitis (PBC). Female 8-week-old wild-type and dnTGFBRII mice were exposed to TCE (0.5 mg/ml) or vehicle (1% ethoxylated
castor oil) in the drinking water for 12 or 22 weeks. Liver histopathology
in 20- and 30-week-old wild-type mice was unremarkable irrespective of
treatment. Mild portal inflammation was observed in vehicle-exposed
20-week-old dnTGFBRII mice and was not exacerbated by TCE exposure. Vehicle-exposed 30-week-old dnTGFBRII mice developed antimitochondrial antibodies, marked hepatic inflammation with necrosis,
and hepatic accumulation of both B and T lymphocytes. To our surprise,
TCE exposure dramatically reduced hepatic parenchymal inflammation
and injury in 30-week-old dnTGFBRII mice, reflected by changes inhepatic proinflammatory gene expression, serum chemistry, and histopathology. Interestingly, TCE did not affect hepatic B cell accumulation or
induction of the anti-inflammatory cytokine IL10. These data indicate
that TCE exposure reduces autoimmune liver injury in female dnTGFBRII
mice and highlights that the precise effect of environmental chemicals
in autoimmunity depends on the experimental model.

2680 Preclinical Assessment of Lymphoma Risk in

a Novel Retinoid-Related Orphan Receptor
Gamma (RORγ) Conditional Knockout Mouse
Model

M. Liljevald2, U. Andersson2, M. Rehnberg2, M. Bjursell2, D.
Keeling2, J. Jirholt2, P. Newham1, and J. Hornberg2. 1AstraZeneca,
Cambridge, United Kingdom; and 2AstraZeneca, Gothenburg,
Sweden.
RORγ is a nuclear hormone receptor which controls polarization of naïve
CD4+ T-cells into pro-inflammatory Th17-cells. RORγ and IL-17 related
biology is currently broadly explored as a promising opportunity for
pharmacological inhibition in autoimmune diseases. It is known that
the complete RORγ knockout (KO) mouse develops thymic lymphoma
and spontaneously dies within 6 months. It was hypothesized that this
phenotype was a direct consequence of the severe immune deficiencies that the embryonic KO presents with. We tested that hypothesis
by creating RORγ deficiency in adult animals with an otherwise intact
immune system. This is the first study to compare a RORγ conditional
KO (cKO) and a full KO mouse model head-to-head. Or results show that
the adult-induced cKO animals also develop lymphoblastic lymphoma
in a similar time frame as embryonic RORγ KO. However this study also
suggests that in animals where the gene deletion is incomplete, the
thymus undergoes a rapid selection process replacing RORγ deficient
cells with remnant thymocytes carrying a functional RORγ locus and that
subsequently, these animals do not develop lymphoblastic lymphoma.
In summary, our data show that long-term RORγ depletion leads to lymphoma development in mice but also that partial deletion does not.
Taken together with the fact that children who carry homozygote RORγ
loss-of-function alleles have not presented with lymphoma and have a
different immunosuppressive phenotype compared to KO mice, further
investigation is required to assess the risk of lymphoma development
upon long term RORγ inhibition in humans.

Allergens

N. Tamehiro1, R. Adachi1, Y. Kimura1, S. Sakai1, R. Teshima1,2,, and K.
Kondo1. 1National Institute of Health Science, Tokyo, Japan; and
2Pharmaceuticals and Medical Devices Agency, Tokyo, Japan.
Hydrolyzed wheat protein (HWP) was generally considered safe because
of the processing of wheat allergens, which trigger allergic reactions. However, since reports on the occurrence of wheat allergies in
people who utilized a facial soap containing HWP became an object
of public concern in Japan, we analyzed the allergenicity of HWP and
other hydrolyzed proteins by generating a mouse model sensitized via
the transcutaneous route. In an earlier annual meeting of the SOT, we
demonstrated that mice subjected to repeated topical HWP skin exposure developed severe whole-body allergic reactions, and allergenic
HWP had specific molecular properties, indicating that transcutaneous
sensitization to high molecular weight HWP was associated with an
increased risk of developing wheat allergies. In this study, we tested
other food antigens to identify epicutaneously effective allergens as
the positive control in our mouse model. Ovalbumin (OVA), ovomucoid
(OVM), and β-lactoglobulin (BLG) are the major allergenic proteins from
chicken eggs and milk and are well-characterized at a molecular level.
Mice were exposed to these antigens using transdermal patch. After 4
cycles of sensitization for 3 days / week, an active systemic anaphylaxis
was elicited by intraperitoneal antigen injection. It is interesting to note
that antigen-specific IgG1 levels are more likely to be associated with
the levels of anaphylaxis and serum histamine than the IgE levels. We
also identified that a detergent (0.5% SDS) enhances the sensitization
to HWP, but it reduces the allergenic effects of OVA, suggesting that
the composite elements between the molecular characteristics of allergenic proteins and the skin condition are crucial for the establishment
of transcutaneous sensitization. Thus, based on these data, our mouse
model could be a useful method to investigate the transcutaneous sensitization of food allergens and to determine the allergenic requirement
of the environmental factors.

2682 Comparison of Cigarette Smoke-Exposure

Regimens in a Mouse Model of Emphysema

Y. Motohashi, H. Ozaki, H. Suzuki, S. Onami, and T. Mine. Japan
Tobacco Inc, Yokohama, Japan. Sponsor: J. Miller-Holt.
Although mouse models for cigarette smoke (CS) inhalation have been
used to investigate the mechanisms of tobacco-related diseases such
as emphysema, exposure conditions have varied among these studies.
The exposure condition is one of the critical factors for determining the
outcome. Among mouse models, two exposure regimens are considered major methods: Continuous exposure to low concentrations and
intermittent exposure to high concentrations. However, there is no practical study comparing the differences in CS exposure effects between
these two major methods in detail. In this study, we exposed mice to
CS in both continuous-exposure and intermittent-exposure regimens,
using the same total-exposure amounts of total particulate matter
(TPM), and compared basic biological data and emphysema-related
parameters. Female C57BL6/J mice were exposed to air or CS (3000 μg
TPM/L per day total) in the following three different regimens: 1) 5 hours
at 600 μg TPM/L per hour, 2) Two exposures of 2 hours at 750 μg TPM/L
per hour separated by a 30-minute interval, and 3) Four exposures of 1
hour at 750 μg TPM/L each, separated by 30-minute intervals. After 5
weeks of exposure, basic biological endpoints and emphysema-related
parameters were assessed. Mice exposed to CS showed emphysema-like
changes in lung function and morphometric analysis. In comparison
with mice exposed in the continuous-exposure regimen, these changes
were more severe in mice exposed in intermittent-exposure regimens,
especially when the mice were exposed twice a day for 2-hour periods.
In contrast, mice exposed in the continuous-exposure regimen showed
more remarkable changes in the expression of genes and proteins associated with acute-phase inflammation than those in the intermittent-exposure regimens. These data clearly showed that emphysema-related
outcomes as well as other biological endpoints in mice were varied
among regimens of CS exposure when the total exposure amounts are
unified. Our findings indicate that the intermittent-exposure regimen
could lead more severe emphysema-like changes in mice than the continuous-exposure regimen.

2683 A Genetically Diverse Mouse Model of
Doxorubicin-Induced Cardiotoxicity

D. Gatti1, C. Davis1, T. Stearns1, C. Lutz1, C. Zeiss3, O. Toro-Salazar2,
and G. Churchill1. 1The Jackson Laboratory, Bar Harbor, ME;
2Universtiy of Connecticut, Hartford, CT; and 3Yale University, New
Haven, CT. Sponsor: A. Harrill.
Doxorubicin (DOX) is a topoisomerase II inhibitor that is widely used as
an effective chemotherapeutic agent. DOX also produces a dose-limiting
cardiotoxicity that may progress to cardiomyopathy or heart failure later
in life. Physicians cannot predict which patients will suffer from DOXinduced cardiotoxicity because there is wide variation in susceptibility.
This variation may be due to the patient’s genetic background, which is
often limited or ignored in animal models. Here, we aimed to develop
an animal model of DOX-induced cardiotoxicity in which natural genetic
variation produces a range of resistant and susceptible individuals as
seen in the human population. We used a panel of recombinant inbred
mice called the Collaborative Cross (CC) that carry over 40 million SNPs
and encompass 90% of the genetic diversity available in the laboratory mouse. Each CC strain represents a reproducible model of resistance or susceptibility to DOX-induced cardiotoxicity. We dosed female
and male mice (n = 4 each sex) from 10 different CC lines with either
vehicle or 5 mg/kg DOX via the tail vein once per week for 5 consecutive
weeks. We measured body weight each week and circulating cardiac
troponin, blood cell counts and cardiac pathology one week after the
final dose. We found that change in body weight after treatment varied
between strains (ANOVA p = 1.27x10-12). We found that white blood cell
counts varied between strains (p= 2.2x10-15), but were not affected by
treatment (p = 0.077). In contrast, red blood cell counts were affected
by treatment (p < 1x10-16) and this effect varied between strains (p =
2.14x10-6). Cardiac troponin (CdTrp) levels increased after treatment in
some strains, but not others (p = 2.5x10-15). We also found that some
strains showed a differential increase in CdTrp between the sexes (p =
9.3x10-3). Cardiac pathology scores were correlated with CdTrp levels (ρ
= 0.46, p = 9.1x10-10). These results show that different CC lines have different toxicity responses to DOX and suggests that they harbor genetic
polymorphisms that influence DOX-induced cardiotoxicity. Forward
genetic approaches, in which crosses between resistant and susceptible
CC lines are created and assayed, may provide mechanistic insight into
the genetic causes of variation in DO-induced cardiotoxicity seen in the
clinic.
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2684 Detection of Human-Specific Hepatotoxicity in
Humanized-Liver Mouse Using Cytokeratin-18
ELISA and Circulating mRNA qRT-PCR

H. Suemizu1, K. Kawai1, M. Nishiwaki2, M. Okazaki2, H. Nabekawa3,
and H. Kamimura1. 1Central Institute for Experimental Animals,
Kawasaki, Japan; 2CLEA Japan Inc., Fujinomiya, Japan; and 3In
Vivo Science Inc., Kawasaki, Japan. Sponsor: H. Tsutsumi.
Interspecies differences in drug metabolism and physiological disposition between humans and experimental animal models have made it
difficult to predict adverse effects in humans. To overcome the issues
attributed to such interspecies differences, we developed an experimental mouse model with a liver reconstituted with human hepatocytes (Hu-Liver). The humanized livers exhibited a zonal distribution of
drug-metabolizing enzymes and were capable of mediating human-specific, drug biotransformation reactions. In this study, we established a
human hepatotoxicity evaluation system by screening Hu-Liver mice for
human cytokeratin-18 (K18) protein and circulating mRNAs in plasma.
Hu-Liver mice and untransplanted mice (control) were intraperitoneally administered a single dose of d-galactosamine (1,000 mg/kg). The
K18 concentrations and alanine aminotransferase (ALT) activities were
then measured at days 0 and 1. To evaluate the extent of hepatocyte
damage, we also measured plasma mRNAs levels of mouse and human
apolipoprotein A2 (Apoa2/APOA2) by quantitative reverse-transcription
PCR (qRT-PCR). The results showed that ALT activities were consistently
higher in Hu-Liver mice, and that ALT activities increased 7.5- and 4.2fold at day 1 in Hu-Liver and control mice, respectively. The kinetics of
circulating mouse Apoa2 mRNA was similar to ALT activity, suggesting
that d-galactosamine is more toxic to mouse hepatocytes than to
human hepatocytes. Extracellular K18 protein and circulating human
APOA2 mRNA could be detected only in plasma samples from Hu-Liver
mice, but not in control mice. Thus, K18 ELISA and circulating mRNA
qRT-PCR assays can be used to quantitatively detect human liver-specific toxicities in Hu-Liver mice.
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2681 Transcutaneous Sensitization Testing for Food

2685 A 6-Week Inhalation Study in Apoe-/- Mice to

Investigate the Effect of Mainstream Cigarette
Smoke on Atherosclerosis under a Whole-Body
Exposure

H. Suzuki, H. Ozaki, Y. Mikamura, Y. Motohashi, and T. Mine. Japan
Tobacco Inc, Yokohama, Japan. Sponsor: J. Miller-Holt.
Cardiovascular diseases (CVD) are the leading cause of morbidity and
mortality in the world. Hyperlipidemia, diabetes mellitus, obesity and
environmental factors (e.g., alcohol consumption, diet and cigarette
smoking) are generally regarded as the risk factors for CVD. Apo lipoprotein E-deficient (Apoe-/-) mice are commonly used as an animal model
for atherosclerosis to clarify the pathogenic mechanism of atherogenesis. In the present study, we examined the morphology and molecular
variation in Apoe-/- mice exposed to mainstream cigarette smoke (MCS)
using a whole-body exposure system to investigate the effects of MCS
on atherosclerosis. Mice were exposed to MCS from 3R4F cigarettes (600
μg total particulate matter [TPM]/l) or filtered air for 3 h/day, 5 days/
week, for up to 4 and 6 weeks. The atherosclerotic plaque burden in the
whole aorta and in the aortic arch, lipid profile in plasma (total cholesterol, triglycerides, LDL, HDL and TBARS), and CVD-related biological
markers (e.g., soluble ICAM, PAI and MMP) were measured as an index of
atherosclerosis. The TPM, carbon monoxide (CO), and nicotine concentrations in the 3R4F atmosphere remained stable throughout the study.
Body weights and food consumption of MSC-exposed mice were slightly
lower than those of filtered air-exposed mice. The atherosclerotic plaque
burden in both the whole aorta and the aortic arch increased with MSC
exposure over time, and was greater in MSC-exposed mice than in filtered air-exposed mice at all time points. In addition, the exacerbation
of the atherosclerotic plaque burden in the aortic arch was more pronounced than that in the whole aorta. Some of the plasma lipids varied
consistently with the plaque burden, but others did not. CVD-related
biological markers showed little variation between MSC- and filtered
air-exposed mice. In summary, we characterized the effect of MCS on
Apoe-/- mice in atherosclerosis, and confirmed that this model is suitable for investigating the effect of MSC on atherosclerosis and that the
aortic arch is a more sensitive site for plaque formation in response to
MSC exposure. However, considerations such as the sex of the mice,
their diet, and exposure conditions, including TPM concentrations and
exposure duration, should be investigated to optimize the CVD model.
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2686 Fialuridine (FIAU), but Not FIRU (FIAU

Diastereomer), Reduces Mitochondria-ToNuclear DNA (mt/nuDNA) Ratios in Humanized
Engrafted Liver, and in Murine Liver and Kidney
of TK-NOG Mice

A. G. Aslamkhan2, L. Michna2, H. Suemizu1, Y. Ohnishi1, P. Lane2, K.
Pearson2, N. Muniappa2, F. D. Sistare2, J. Lebron2, and W. E. Glaab2.
1CIEA, Kawasaki, Japan; and 2Merck & Co., Inc, West Point, PA.
FIAU was under development for Hepatitis B but was discontinued in
clinical trials after 13 weeks following development of acute liver failure
and death related to mitochondrial dysfunction. Conventional preclinical testing did not predict such findings. We conducted a 2 month oral
dosing study in humanized liver (hu-liver) TK-NOG mice with either FIAU
or FIRU at 90 or 250 mkd. In contrast to the recent Xu, et al study conducted at similar doses for a 2 week duration (2014 PLoS Med), clinical
chemistry and routine liver histopathology were only modestly altered
between vehicle control and FIAU treated mice. However, an analysis
of mt/nuDNA ratios with species-specific qPCR probes identified significant FIAU treatment-related decreases in human liver and mouse
liver and kidney. Decreases seen with FIAU treatment for the mt/nuDNA
ratio in the engrafted hu-liver were only slightly greater (89%) than for
mouse remnant liver (mu-liver) at 250 mkd (80%), but the species difference was more notable at 90 mkd dose [-77% in hu-liver vs. -48%
in mu-liver]. Effects on the mt/nuDNA ratio with FIRU treatment were
minimal or non-existent. We also conducted a 2-week oral dosing study
with both FIAU and FIRU in non-engrafted TK-NOG mice. Significant, but
more moderate FIAU treatment related effects on mt/nuDNA ratios in
liver were seen in animals dosed at 250 mkd. Again, no changes were
observed for FIRU. In conclusion, we have shown that FIAU, but not
FIRU, causes significant reduction in mt/nuDNA ratios, an indicator of
mitochondrial biogenesis, in both human engrafted liver and murine
liver and kidney of TK-NOG mice, without morbidity or significant clinical chemistry or liver histopathology changes, providing insight into
the mechanism of the induced FIAU liver failure seen clinically. Efforts
are underway to investigate the difference in sensitivity to FIAU in the
present 2-month study from the recently reported study.

2687 Ghrelin-Induced Attenuation of Testicular Injury
in a Cryptorchid Mouse Model

E. Bianchi, K. Boekelheide, S. Hall, M. Sigman, and K. Hwang. Brown
University, Providence, RI.
Cryptorchidism or undescended testis (UDT) is a common congenital
abnormalities characterized by a failure to descend one or both testes
into the scrotum, increasing the risk for developing male infertility and
testicular cancer. The rate of cryptorchidism has increased, and lifestyle factors and environmental endocrine disrupting chemicals may
have a role. The present study was designed to test the hypothesis that
ghrelin and its functional receptor GHSR1a are key mediators in protecting mouse spermatogenesis from damage. Reciprocal matings of
heterozygous / homozygous ghrelin and GHSR1a knockout mice were
performed. Litter size and germ cell apoptosis were recorded and testicular histological evaluations were performed. Wild type and GHSR1a
KO mice were subjected to heat-induced germ cell death characterized
via surgical induction of unilateral cryptorchidism. Mice, randomly separated into two groups, received intraperitoneal injections of ghrelin
or saline (control) twice a day for 20 days post-surgery. Normal and
cryptorchid testes were collected to determine testis weights and for
histopathological analyses including seminiferous tubule diameter, and
the percentage of seminiferous tubules with spermatids and giant cells.
Our findings demonstrated that deletion of endogenous ghrelin altered
male fertility and that exogenous ghrelin treatment protected the testis
from damage. Testicular weights and seminiferous tubule diameters
were significantly decreased in control cryptorchid testes compared to
cryptorchid testes from ghrelin-treated mice. In addition, histopathological evaluation demonstrated that ghrelin significantly reduced formation of giant cells and preserved spermatogenesis in the cryptorchid
testes. This protective effect of ghrelin seen in wild type mice was also
detected in GHSR KO mice, suggesting that this effect is mediated by a
second receptor that has not yet been identified. In conclusion, deletion
of ghrelin compromised male fertility, and ghrelin therapy attenuated
cryptorchid-induced testicular damage.

2688 A Comparison of Pain Thresholds in Surgically-

and Chemically-Induced Knee Osteoarthritis
Rat Models Using the Von Frey’s Filaments and
Pressure Algometer

A. Bouchard, A. Buadoo, L. Kolodzieyski, and W. Ruddock. ITR
Laboratories Canada Inc., Baie d’Urfé, QC, Canada.
There are many animal models of knee osteoarthritis and many ways
to assess pain threshold in these models. We compared a surgical and
chemical rat model, and used the Von Frey’s filaments and a pressure algometer on these animals to quantify their level of discomfort.
Osteoarthritis was induced in one knee of Sprague-Dawley rats either
by anterior cruciate ligament transection or by intra-articular injection
of sodium-iodoacetate. Starting one week following the knee conditioning, one group of rats that underwent the surgical approach were
treated with both Carprofen and Pregabalin daily for 40 days. All other
animals received saline subcutaneously as a placebo for the same duration. Sensitivity assessment by paw withdrawal using the Von Frey filaments and an algometer were performed on Day -1 and again on Days
7, 14, 21, 28 and 35. The pain thresholds, as measured by the algometer,
increased over time in both animal models, reaching a plateau at D28.
The Von Frey test showed a lower pain thresholds starting at D7 for the
injection model and at D28 for the surgical model. There was no significant difference between the two models using either test, but animals in
the injection group tended to have a lower pain threshold. In addition,
the Von Frey test showed no significant difference between the conditioned and intact knee, whereas the algometer measurements showed
a clear difference between both knees on each animal. In the surgical
groups, the Von Frey test showed significant difference between
placebo and positive control treated rats at different time-points when
tested on either the intact knee or conditioned knee. Pressure application measurements did not show significant difference between the
treated and untreated animals. Histopathology showed diffuse chronic
inflammation of the joint capsule and granular basophilic material in the
joint cavity of the conditioned knee in both models but with a higher
incidence and severity in the injected groups when compared with the
surgical groups. In conclusion, rat models of knee osteoarthritis induced
by anterior cruciate ligament transection or by intra-articular injection of
sodium-iodoacetate showed similar pain thresholds and histopathology
results over 40 days. The algometer showed good quantification of the
animals’ pain threshold on the conditioned knee, whereas the Von Frey’s
filaments showed similar results in both conditioned and intact knees.

Proteins In VTA and SN Nerve Injury Induced by
Chronic Morphine Dependence

W. Shi, S. Yi, H. Wang, S. Niu, Y. Li, and B. Cong. Institute of Basic
Medicine, Shijiazhuang, China. Sponsor: F. Liu.
The mesencephalic dopaminergic neurons participate almost all the
rewarding effects of dependency drugs, which is thought to be the
basis for the formation and maintenance of drug addiction. Among
transcription factors involved in development and physiological function of mesencephalic dopaminergic neurons, Nurr1, Pitx3 and TH may
play critical role for determining the dopamine transmitter identity
and neurotransmission, as well as for the survival and maintenance of
dopaminergic neurons. Therefore, this study investigated Nurr1, Pitx3
and TH changes after different duration of morphine dependence,
as well as the relationship between the changes and the damage of
dopaminergic neurons, which would provide morphological evidence
for further studying the mechanism of nerve injuries induced by morphine neurotoxicity. Models of morphine dependence were established
in rats, and paraffin-embedded sections, Fluoro-Jade B staining was
used to detect degeneration and necrosis, and terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) detected
the apoptosis of mesencephalic dopaminergic nerve cells, immunohistochemistry and western blotting were used to observe the changes
in the expression of Nurr1, Pitx3 and TH protein. With prolonged morphine exposure, the dopaminergic neurons in the VTA and SN showed
degeneration and necrosis, while apoptotic cells were not observed.
Immunohistochemistry and western blotting showed that the number
of Nurr1, Pitx3 and TH positive cells and the protein levels in the VTA
and SN were significantly decreased in the rats with a long period of
morphine dependency. Chronic morphine dependence could decrease
the expression of dopaminergic regulatory proteins of Nurr1 and Pitx3,
and then could not effectively regulate TH. Thus, the survival of dopaminergic neurons was affected and appeared significant degeneration and
necrosis. All the results suggested that decreased expression of Nurr1,
Pitx3 and TH caused by neurotoxicity of morphine may be a critical way
of dopaminergic neurons injury.

2690 Maternal Toxicity in Rat Developmental Toxicity
Studies Defined by Metabolomics

W. Mellert1, J. Keller1, S. Sperber1, X. Jiang1, V. Strauss1, H. G. Kamp1,
E. Fabian1, M. Herold2, T. Walk2, and B. van Ravenzwaay1. 1BASF
SE, Ludwigshafen am Rhein, Germany; and 2Metanomics GmbH,
Berlin, Germany.
The assessment of maternal toxicity in the context of prenatal developmental toxicity studies (PTS) in rats according to official test guidelines
(OECD 414, OPPTS 870.3700) is crucial for the regulatory classification
of chemicals and agrochemicals. Maternal toxicity is routinely examined only using clinical parameters (clinical findings, food consumption,
and body weight), and in some cases augmented by clinico-chemical
and pathological parameters. Therfore, there is a risk that maternal toxicity may not be noticed in regulatory studies. BASF and metanomics
established a database (MetaMap®Tox) for the detection of toxicological modes of action (MOA) based on metabolic profiles in rat plasma.
Approximately 250 different endogenous metabolites are measured and
more than 100 MOAs can be differentiated. We have applied this technology to examine if metabolomics would provide more information
with respect to maternal toxicity Metabolome analysis was performed in
plasma of pregnant rats on day 20 of gestation. In 27 studies with chemicals and agrochemicals we compared the sensitivity of routine maternal
toxicity parameters with those of metabolome analysis. All studies were
performed in our AAALAC-accredited laboratory. In most cases, comparable sensitivity was noted. However, in ca 20% of the studies metabolome analysis showed effects in dose levels lower than the classical “no
observed effect level”. Analysis of regulated metabolites, and a comparison with the MetaMap®Tox data base, indicated that liver toxicity was
evident at dose levels below the classical NOAEL for maternal toxicity.
These results suggest that a more thorough analysis of maternal toxicity,
for instance by using ‘omics technologies, may be a useful way to better
identify maternal toxicity in PTS.

2691 The Nrf2 Knockout Rat as a Toxicological Tool
K. Taguchi2, M. Takaku2, P. A. Egner1, T. W. Kensler1,3,, and M.
Yamamoto2. 1Johns Hopkins University, Baltimore, MD; 2Tohoku
University, Sendai, Japan; and 3University of Pittsburgh, Pittsburgh,
PA.
The transcription factor Nrf2 regulates a battery of cytoprotective genes.
Nrf2 knockout mice have been contributing critically to the clarification
of roles that Nrf2 plays for cell protection. For some toxicological examinations, rats exhibit more suitable features than mice. One example is
aflatoxin B1 (AFB1), a carcinogenic mycotoxin. To examine altered toxicological response, we treated the Nrf2 knockout rats with AFB1 that
elicits gene mutations through binding of its metabolites to DNA and for
which the rat has been proposed as a reasonable surrogate for human
toxicity. Indeed, in the Nrf2 knockout rat livers the enzymes of the AFB1
detoxication pathway were significantly downregulated. Single dose
administration of AFB1 increased hepatotoxicity and binding of AFB1N7-guanine to hepatic DNA in Nrf2 knockout rats compared to wild-type.
Nrf2 knockout rats repeatedly treated with AFB1 were prone to lethality
and CDDO-Im, an Nrf2 activator, was no longer protective. These results
demonstrate that Nrf2 knockout rats are quite sensitive to acute AFB1
toxicities. Long-term administration of to wild-type F344 rats induces
hepatocarcinogenesis; however, it is not known whether disruption
of Nrf2 alters sensitivity to the tumorigenic actions of this carcinogen.
Studies are in progress to assess the effect of Nrf2 status on the development of presumptive preneoplastic lesions in the livers of these rats.
Collectively our studies validate the utility of Nrf2 knockout rats as a new
model animal in toxicology.

2692 Repeated Blood Sampling in Catheterised Rats:
A 3R Approach Enabling Disconnection and
Group Housing in an Infusion/Oral Crossover
Study Design

H. van Wijk1, J. van Asperen2, D. Boucaut2, A. Ferecsko2, J. Kendrick1,
and L. Wright1. 1Covance Laboratories Ltd., Harrogate, United
Kingdom; and 2UCB Biopharma Sprl, Braine-I’Alleud, Belgium.
Sponsor: S. Korte.
Repeat blood samplings are required in pharmacokinetic (PK) studies.
Using a single set of rats in a cross over study design has the potential
to provide scientifically robust data. The objective of this study was to
obtain (PK) concentration-time profiles and to compare post-surgery
bodyweights (BW) in a cross-over study design, during and after intravenous infusion and oral administration in continuously and transiently
tethered rats. Two groups of 5 rats (326-450g) were surgically prepared
with a femoral and jugular vein catheter. Continuously tethered rats
were singly housed throughout; transiently tethered rats remained
untethered (group housed) during a 4 day post-surgical recovery
period. Both groups were sampled via the femoral catheter 12 times
during and after a 30 minute jugular infusion. Following a 24h wash-out
period the same rats were orally dosed and sampled a further 7 times.
Transiently tethered rats were only tethered via a pinport for blood collection (0.15mL) for 12h during a 24h collection period. Continuously
tethered rats were sampled from an in-line catheter. No adverse clinical
signs were observed, catheter patency was 100%. During recovery, continuously tethered rats showed a BW loss of 1.8%, transiently tethered
rats a BW gain of 0.8%. From surgery to second dose, continuously tethered rats lost 0.7% BW, transiently tethered rats gained ca 0.5%. The BW
recovery for transiently tethered rats was superior to the continuously
tethered rats but there was no notable difference. All samples were
obtained from all animals in both groups in a cross over study design
which reduces individual variation, and the number of rats required for
PK concentration profiling studies. In terms of 3R’s, catheterised and
transient tethering of rats using the pinport-in-tail cuff model is the preferred method of choice, as it allows group housing of animals at times
when samples are not being collected, and reduces the period of tethering.

2693 Assessment of Bile Salt Export Pump (BSEP)

Inhibition Using a siRNA BSEP Knockdown Rat
Model

Y. Li. Merck & Co. Inc., West Point, PA.
Inhibition of the Bile Salt Export Pump (BSEP) in humans may be associated with hepatotoxicity. However, this type of hepatotoxicity is
poorly predicted in preclinical species. Therefore, we developed a sensitive in vivo translational rodent model of BSEP inhibition to further
assess in vitro-in vivo predictions. Here we present results of a novel,
sensitive model using siRNA knockdown (KD) of BSEP in rats, where
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compounds can be evaluated to confirm potential risk of BSEP inhibition. First, human drug induced liver injury (DILI) positive compounds
were screened in vitro for inhibition of rat BSEP. Then, several potent
BSEP inhibitors (Asunaprevir, Cyclosporine A, Benzbromarone) were
selected to treat BSEP KD rats for 7 days. Non-BSEP inhibitor DILI positive drugs (Acetaminophen and Clarithromycin) and the sodium taurocholate co-transporting polypeptide (Ntcp) inhibitor (Bosentan) were
also tested in this model. Plasma and liver samples were collected for
bile acid and drug level analyses by LC-MS/MS. BSEP mRNA and protein
were reduced by 80% and 90%, respectively. Significantly potentiated
increases of plasma conjugated bile acids were observed when BSEP KD
rats were treated with each of the 3 BSEP inhibitors but not the other 3
drugs. This BSEP KD rat model appears to be more susceptible to BSEP
inhibitor-mediated liver toxicity than wild type rats. Furthermore, initial
data may suggest that the BSEP KD model can differentiate BSEP inhibition from Ntcp inhibition. Combination of in vitro transporter data and
this sensitive in vivo rat model will provide tools to better inform on the
potential for DILI risk through a BSEP-inhibition mechanism.

2694 How to Test The Potential Systemic Toxicity of

an Enzyme Possessing Local Irritative Effects: A
Way Forward?

J. Lichtenberg, and K. H. Meno. Novozymes A/S, Bagsvaerd,
Denmark. Sponsor: D. Brinck.
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Nzyme_X is an enzyme that is commonly found in nature and also
produced by microbial fermentation. It is used in the food industry.
Nzyme_X is currently marketed in the EU as a processing aid and in the
USA, Nzyme_X is GRAS and the USDA has authorized its use in various
food products. Challenge is low MOS: Current safety data package for
Nzyme_X does not provide sufficient MOS (Margin Of Safety) if the
enzyme is used over a broad range of food groups. EU (FIAP) requires
MOS ≥ 300; rest of the world ≥100. Reason for low MOS: Current 13 week
toxicity study suffers from a NOAEL (No Observed Adverse Effect Level)
at low-dose level corresponding to 78 mg TOS/kg/day. A NOAEL of at
least 311 mg TOS/kg/day is required. TMDI (total amount of daily intake)
of the enzyme via the food is relatively high due to high dosing and high
intake of the chosen food groups. Local toxicity: Respiratory distress
and local irritation in the stomach. The respiratory distress is probably
caused by reflux of the concentrated test article from the stomach to
the lungs. The irritation in the stomach is probably caused by high local
conc. of active Nzyme_X due to the gavage dosing, and is not considered a relevant risks for humans following intake of food processed with
Nzyme_X. A revised test method in rats is required to test for potential
systemic toxicity. It is speculated if administration via the drinking water
will represent ‘a way forward?’ A preliminary 8-day study was performed
to investigate the palatability (taste) of the drinking water with Nzyme_X
(5.2 mg TOS/mL) as compared to drinking water without Nzyme_X ,
and to measure if there were any differences in the water consumption
between single- and group-housed rats. The potential local irritative
effects in the stomach and in the oral cavity were examined by gross
pathology. Observations: 1) Unpleasant smell of drinking water with
Nzyme_X, 2) No clinical signs of toxicity (e.g. respiratory distress), 3) No
changes in bodyweight gain, 4) No evidence of impaired palatability
among the dose groups, 5) Adequate NOAEL (mg TOS/kg/day) for registration purposes and 6) No gross pathology changes or local irritative
effects in the stomach and in the oral cavity. Conclusion: This preliminary toxicity study with Nzyme_X in rats indicates that administration
via the drinking water may represent an alternative route of enzyme
administration that markedly increases the NOAEL by circumventing
the local irritative effects observed using standard oral gavage dosing.

2695 Verification of Lethal Doses of Inhaled Ricin
in Rhesus Macaques to Support Vaccine
Development

G. Wang1, W. Mega1, K. A. Overheim1, J. A. Hutt1, P. J. Kuehl1, J.
M. Benson1, T. Measey2, and O. Donini2. 1Lovelace Respiratory
Research Institute, Albuquerque, NM; and 2Soligenix, Inc,
Princeton, NJ.
Establishment of a reproducible and biologically relevant large animal
model is critical in vaccine development, particularly under the FDA
Animal Rule. To support development of a vaccine to protect against
ricin, toxicity and lethal doses of inhaled ricin were verified in rhesus
macaques. Eight (4M/4F) macaques were exposed by head-only inhalation to ricin aerosols providing presented doses of 2.2 - 24.4 μg/kg.
Mortality, clinical signs, and clinical pathology were monitored until
scheduled euthanasia on Day 7 post-challenge. Three animals (received
5.0, 19.1 or 24.4 μg/kg ricin) succumbed within 4 days of challenge
and the remaining animals (received 2.2 - 7.4 μg/kg ricin) survived to
Day 7 (scheduled euthanasia). Five monkeys displayed rapid respira-

tion and the three animals that succumbed also exhibited respiratory
distress. Blood neutrophil counts were elevated in all animals at Day
1 post-challenge, but returned to baseline at Day 3. In two monkeys
that succumbed to ricin challenge, increased serum lactate dehydrogenase and aspartate aminotransferase activity and decreased serum
albumin levels were also observed. Platelet counts among survivors at
Day 7 were 1.3 - 2.0 fold higher than their baseline values. At necropsy,
all monkeys exhibited diffuse or patchy redness in all lung lobes and two
animals had slightly enlarged tracheobronchial lymph nodes (TBLNs);
the three non-survivors also had increased lung-to-body weight ratios
(1.8 - 2.3 fold greater than those of the survivors), fluid accumulation
in the thoracic cavity and pericardial changes. Microscopically, lesions
in animals dying from exposure included acute, moderate neutrophilic and fibrinous lung inflammation, and fibrinous and neutrophilic
inflammation with decreased lymphocytes or increased neutrophils
and histiocytes in the TBLNs. Among survivors, lung inflammation was
less severe and subacute in nature, with evidence of early fibrosis. All
monkeys demonstrated anatomic and clinical pathology changes that
are consistent with those previously reported in rhesus macaques after
aerosol exposure to ricin. Based on these results, a target ricin dose of
24 μg/kg is being employed in an ongoing study to test the efficacy
of vaccine candidates in 22 monkeys. (This research was sponsored by
Soligenix, Inc. and supported by NIAID contract# HHSN272201400039C)

2696 Not a Small Molecule and Not a Biologic: Class

Effects in Non-Human Primate Studies with 2nd
Generation Oligonucleotide-Based Therapeutics
Targeting Neuronal Orphan Diseases

F. T. Ludwig1, S. Korte1, C. Hoffmaster2, J. Schroeder2, and P.
Narayanan2. 1Covance Preclinical Services GmbH, 48165 Muenster,
Germany; and 2Ionis Pharmaceuticals Inc., Carlsbad, CA.
Within the last 2 decades just 4 oligonucleotides (Vitravene, Macugen,
Kynamro, Defitelio) have received market approval by the US FDA.
However, submissions of oligo-based INDs to the US FDA have increased
substantially over the last few years, even when they overall remain a
very small component of new drug workload. Based on the substance
class the preclinical safety assessment is mandatorily requiring NHP`s
(non-human primates) and specifically cynomolgus monkeys. Therefore,
various revised study designs were developed and implemented. The
work summarizes the intrathecal (i.t. non-systemic) experience of long
term (up to 53 weeks) monkey studies (n≥800, Asian origin, 10 months
to 4 years of age) under EU housing conditions (ETS 123). The presented
class effects cover studies up to 39 weeks, and consist of (a) vacuoles
in the renal proximal tubular epithelium (Henry, 2012), (b) routinely
observed neuronal vacuolation (Dorato, 2005; Kerlin, 2016), (c) granular
or vacuolated appearance of macrophage cytoplasm (Monteith, 1999,
Frazier, 2015), and (d) spinal cord meningeal mononuclear cell infiltrates
within the lumbar segments. Further routine test article-related findings
are temporary losses of lower spinal reflexes, which lasted for up to 48
h after dosing. Effects that were related to the i.t. administration (procedure-related, as also occurring in control animals and not being present
before the dosing phase), were either a temporarily absent or reduced
patellar tendon reflex (4, 8 and 24 h after dosing) or the absence of the
anal reflex (4 and 8 h). These findings were all of transient nature. In
addition, single cases of ataxia, lameness of legs or/and slight tremor
were present (up to 4 h) and considered to be related to anaesthesia. 1
out of 800+ animals showed an MRI-diagnosed spinal arterial infarction,
which was considered an acute onset during i.t. injection, concluded
to be a rare complication of the injection, unrelated to the test item. In
conclusion, the modified oligonucleotide NHP study designs, numerically confirmed class effects and background data, now allow a robust
testing strategy for the mature and advancing pipeline for multiple RNA
biology drugs.

2697 Effects of the Herbicide Atrazine on the Sperm in
Adult Rabbit

S. L. Gorniak, R. L. Fonseca, V. H. Rigo, A. F. Andrade, and A. T.
Gotardo. University of São Paulo, São Paulo, Brazil. Sponsor: K.
Welch.
Atrazine (ATZ) is an herbicide used worldwide in crops of maize and
sugar cane. Experimental studies have been shown that ATZ is an endocrine disrupter (ED) related to testicular atrophy and sperm changes
in rodents. Currently, most toxicological studies of ED substances and
human exposure are performed using, fishes, invertebrates such as mollusks, and considering mammals, the rodents (rats and mice) are the
usual animal species used. The objective of this study was to develop
a protocol for evaluation of ED on male, using rabbits a lagomorphs
species, since these animals have many advantages, when compared to
rodents, in toxicological/reproduction studies seeking safety in humans.

2698 Development, Validation, and Use of a Multiplex
Cytokine MSD Assay for Evaluation of the Effects
of Total Body Irradiation in Göttingen Minipigs

M. Lindeblad, Y. Chen, A. Bartholomew, and A. Lyubimov.
University of Illinois at Chicago, Chicago, IL.
The identification of plasma biomarkers, which reflect dose-dependent,
radiation-induced tissue damage can aid in diagnosing the magnitude
of injury as well as the identification of potential mitigating strategies.
Plasma cytokines have been reported to correlate with radiation damage
(IL-6, CRP), improved survival (IL-1, IFN-ƴ, TNF- α), increased endothelial
repair following radiation (IL-8 -6) and elevation, (IL-2,-8, IFN-ƴ, TNF-α),
and increased splenocyte immune defense/activation (IL-4 and IL-10).
Repetitive measurement of multiple cytokines post-radiation can be
limited by the quantity of peripheral blood required. We developed a
multiplex platform (MSD) of 7 porcine cytokines, IL-1β, IL-2, IL-6, IL-8,
IL-10, IFN-ƴ, TNF-α, which was validated at UIC to measure cytokines in
50 µL of plasma in irradiated Göttingen minipigs. This multiplex, along
with a single-plex for IL-4 and CRP was used to measure plasma level
changes for 22 days post-radiation. Pre-radiation levels (n=41) were
compared with two radiation dose groups established by our institutional lethality curve, an LD30/45 (1.65 Gy, n=19) and an LD70/45 (1.90Gy,
n=22). Significant changes from normative values were observed in IL-4,
-10, TNF-α, CRP. Inflammatory cytokines IL-1 and IL-8 were not elevated
above baseline values. Mean IL-4 levels dropped below baseline in both
groups by post-radiation Day 3, with variable recovery between Days
3-22. IL-10 demonstrated a two-phase elevation, with 5 and 3.44 fold
increase from baseline (5.0 +/- 4.2 pg/mL), (LD70>LD30 at 5 hr peak) in
the first 10 hours, return to baseline by 48 hours, a secondary increase
between Day 8 and 15 (LD30>LD70), and return to baseline by Day 22.
TNF-α levels significantly increased above pre-radiation levels 3-5 hr
post-radiation (LD30=LD70), decreased slightly below baseline levels
after 24 hr, with a significant drop on Day 3 (LD70>LD30) persisting
below baseline values through Day 22. CRP increased by 3 hr post-radiation (LD70>LD30) persisting to 48 hours, with return to baseline and
subsequent elevation on Days 15 and 22 (LD70>LD30). This work was
funded by BARDA HHSO100201100014I/HHSO10033001T. These are the
personal views of the individual authors and do not necessarily express the
opinions or policies of the US Department of Health and Human Services or
its affiliates.

2699 Renal Complications in Chronic Diabetic
Minipigs

S. Roth, J. Liu, G. Bouchard, and A. Stricker-Krongrad. Sinclair
Research Center, Auxvasse, MO.
Renal complications as a consequence of chronic diabetes is considered
a leading cause of chronic kidney diseases in humans. Our objective
as to assess kidney pathophysiology in chronic insulin-dependent diabetic Yucatan miniature swine. Type I diabetes was induced in Yucatan
miniature swine and animal were maintained on a daily insulin regimen
for more than 3.5 years. Clinical (BUN and creatinine) and urine chemistries were conducted using a Beckman Coulter AU480. Renal blood flow
(RBF) and glomerular filtration rate (GFR) were measured in conscious
diabetic and normal control animals. RBF was measured by the rate of
elimination of circulating iodohippurate and GFR was measured by the
rate of elimination of circulating iohexol in each animal over the course

of 4 hours post-injection of each marker. Circulating concentrations of
the markers was quantified by specific ELISAs. In addition, kidneys from
chronic diabetic minipigs were dissected, fixed in 10% NBF, processed
and stained with hematoxylin and eosin, or Periodic acid Schiff. BUN
ranged from 19 to 23 mg/dL and creatinine ranged from 1.10 to1.47
mg/dL, no significant abnormalities were noted in albuminuria. RBF
was remarkably increased in the diabetic minipig when compared to
normal animals: 240.9 +/- 59.9 versus 103.7 +/- 8.6 mL/min, respectively.
GFR was moderately increased: 36.3 +/- 5.0 versus 17.6 +/- 1.7 mL/
min, respectively. Gross kidney findings ranged from normal (majority
of animals) to moderately shrunken, lobulated with white foci (in one
animal). Histopathologic findings ranged from little to mild aberrations
(majority of animals) to severe interstitial fibrosis, severe glomerular
sclerosis and tubular nephrosis in one animal. In conclusion, chronic
diabetes in Yucatan miniature swine manifests with a renal pathophysiological tableau corresponding to the hyperfiltration phase of early
diabetic kidney disease (increased glomerular hydrostatic pressure and
increased glomerular filtration rate in absence of increased albumin
secretion rate). This corresponds well to the 50% elevation in GFR seen
early in type 1 human diabetes and in some type 2 diabetic patients.
This indicates that the diabetic miniswine could provide a good model
to test preventative approaches for progressive kidney therapies, using
GFR hyperfiltration as a marker of early renal damage.

2700 Pharmacokinetics of Metformin and Verapamil
in Four Lineages of Mini-Swine

A. Stricker-Krongrad, and G. Bouchard. Sinclair Research Center,
Auxvasse, MO.
Oral and intravenous PK studies were conducted in four different miniswine strains: Sinclair, Yucatan, Hanford, and Göttingen after administration of Metformin (MET, renally cleared) or R,S-Verapamil (R,S-VER, metabolically cleared). Age and weight-matched castrated juvenile males
(4.2-5.1 mos, 11-14 kg) were dosed with MET or R,S-VER (N = 3 or 4).
Animals were serially bled via standard vascular access port blood sampling and plasma samples were analyzed by LC/MS/MS and PK parameters were determined using non-compartmental analysis. The results
indicated that the PK of MET was similar between all mini-swine strains,
except for the Göttingen which had higher plasma clearance (19.6 mL/
min/kg, compared to the other three strains ranging from 8.7 to 10.1
mL/min/kg, p<0.0001). The plasma clearance of both R- and S-VER was
lower in Sinclair (18 to 20 mL/min/kg, p<0.05) compared to Yucatan and
Hanford (ranging from 38 to 42 mL/min/kg), but not significantly different from that in Göttingen (32 to 37 mL/min/kg). N-demethylation
of R,S-VER to form R- and S-Norverapamil (NOR) was negligible after
intravenous administration. However after oral dosing, the AUC0-48h of
S-NOR was negligible compared to R-NOR in all strains. While the R-NOR
to R,S-VER ratio was not significantly different for Handford (6 ± 7) or
Yucatan (9 ± 2) versus Göttingen (4 ± 3), it was significantly higher in
Sinclair (15 ± 6, p<0.05) compared to the Göttingen strain. Unlike in
humans, S-VER plasma protein binding was higher than R-VER in all miniswine strains, while on average the plasma protein binding of R,S-VER in
human (87.2%) was most similar to Sinclair mini-swine (84.0%). The preferential conversion of R,S-VER to R-NOR over S-NOR in mini-swine may
be due to stereo-selectivity of protein binding. This work highlights the
importance of considering the impact of metabolic differences on PK in
mini-swine strains as an important factor in selecting the relevant strain
for drug dispositional studies.

2701 Effects of Ipomoea carnea in Placental Tissue:
Evaluation in Rodents and Ruminants

S. L. Gorniak, L. L. Lippi, and A. T. Gotardo. University of São Paulo,
São Paulo, Brazil. Sponsor: K. Welch.
Ipomoea carnea (IC) is a plant that is widely distributed in northeastern
Brazil and in other tropical countries. Intoxication of livestock that chronically ingest IC has been reported in several countries, goats being the
main species affected. IC contains the indolizidine alkaloid, swainsonine,
as well as toxic calystegines. Swainsonine cause cellular accumulation
of oligosaccharides, due to inhibition of several important enzymes,
resulting in cellular vacuolization and cell death in different organs. It
is well known that IC ingestion during pregnancy leads to changes in
fetal development in rats and goats; however, little is known about the
effects of the IC in placenta. The aim of the present study was evaluate
the effects of IC in the placental tissue of rats and goats. Pregnant rats
of experimental group were treated orally by gavage, from gestation
day (GD) 6 to GD19, with 7,0g/kg/day of IC aqueous fraction. Control
group received only tap water by gavage. On GD20 cesarean section
was performed and placental tissue was collected for histophatological
and lectin-histochemistry (LHT) evaluation. Pregnant goats of experimental group were treated which IC fresh leaves at dose of 5g/kg/day,
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In addition, the physiologic reproductive processes of rabbits, including
spermatogenesis, testicular maturation and normal morphology, are
well documented in the literature. Eighteen male adult rabbits (6 months
old) were divided into three equal groups (n=6) wich received by oral
route in the ration, 0 (control), 15 and 30 mg/kg/BW daily of ATZ for 120
consecutive days. The animals were clinically evaluated and weighed
weekly. On days 0, 30, 60, 90 and 120 it was assessed sperm concentration, motility, morphology and plasma/acrosomal membranes integrity.
Blood samples were also collected in those days for hematological and
biochemical evaluation. At the end of the experimental period (121st
day) the animals were euthanized, and testis and epididymis were collected and weighted. There were no signs of intoxication by ATZ or
reduction of body weight gain. Similarly, no significant differences were
observed in the seminal, biochemical and hematological assessments.
However, it was observed a reduction in relative weight of epididymis
and testicle in those rabbits from ATZ-treated groups. In conclusion,
rabbit revealed to be an excellent animal model for ED study in males.
The semen collection with artificial vagina enables studies with serial
assessments, procedure that is impracticable in rodents, and this procedure enables to evaluate the reproductive profile of the males prior
to the experiment; moreover, permits to reduce the number of animals
used in the assay. Future studies will be conducted to assess the behavioral and hormonal consequences of the ATZ toxicity in rabbits.

since GD35 until parturition. Control animals received no experimental
treatment. Placental tissue was collected at parturition for histophatological and LHT evaluation. Placental tissue from experimental rats
showed labirinth zone thickening and reduction of the junctional zone
thickness, LHT revealed accumulation of sugars in some cells located at
several regions of the placenta. Placental tissue from experimental goats
showed cytoplasm vacuolization in columnar epithelium of chorioallantoic membrane, LHT revealed higher markup for the SWGA and WGA
lectins suggesting that the vacuolated cells contain b-(1-4)-N-acetylglucosamine, and N-acetyl-neuramic acid in vacuoles, one of the main
carbohydrates accumulated in this toxicosis. The results clearly revealed
that the placental tissue is also target of toxic action of the toxic active
ingredients present in the IC. Probably, changes in fetal development
observed in these two animal species exposed to IC are also a consequence of the injury in the placental tissue that inevitably causes losses
to the developing fetus. Financial supported by: FAPESP (2006/58729-2).

2703 Quantitative Comparison of Pristine and

Carboxylated Carbon Nanotubes Accumulation
and Cell Surface Binding on Macrophages

R. Wang, M. Lee, P. Pantano, and R. Draper. University of Texas at
Dallas, Richardson, TX.
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The global increase in the production of carbon nanotubes (CNTs) and
incorporation into consumer products causes concern for CNTs toxicity.
Macrophages are a key intermediary in CNT pathology and the molecular mechanisms of how CNTs influence inflammatory responses have
been widely studied; however, there remain significant knowledge gaps
and conflicting literature reports on identifying CNTs receptors on cells.
One reason for this gap is the challenge of accurately measuring the
accumulation of various CNTs in cells. Further, the lack of tool for measuring the small amounts of CNTs associated with cells in direct surface
binding assays hamper defined studies on the interaction of CNTs with
receptors. First, we applied the CNT detection methods developed previously for epithelial cells and zebrafish embryos to study the accumulation of pristine and carboxylated CNTs in macrophages. Preliminary
results shown that mouse RAW264.7 and differentiated human THP-1
macrophages accumulated 80-100 times more carboxylated multiwalled carbon nanotubes (C-MWNTs) and single-walled carbon nanotubes (C-SWNTs) than corresponding pristine MWNTs (P-MWNTs) and
SWNTs (P-SWNTs) suspended in cell culture medium with the triblock
copolymer Pluronic® F-108 during a 24 hour exposure at 37 °C. The
selective accumulation of C-MWNTs and C-SWNTs compared to pristine
material suggests that there are receptors that preferentially bind carboxylated CNTs compared to pristine CNTs. To test for binding, macrophages were incubated with C-MWNTs or P-MWNTs in medium without
fetal bovine serum (FBS) at 4 °C, conditions that avoid any interference
by cell processes active at physiological temperature, such as endocytosis, or by FBS proteins. There was strong binding of C-MWNTs and
C-SWNTs to cells while the binding of P-MWNTs and P-SWNTs was not
significant, consistent with the selective accumulation of C-MWNTs and
C-SWNTs at 37 °C. These data provide strong evidence for abundant
receptor sites on cells that bind carboxylated CNTs but not pristine
material. Further, the binding of carboxylated CNTs to cells was reduced
when the medium contained FBS, suggesting that there are FBS components that compete with carboxylated CNTs for the surface receptors to
reduce binding, which may help identify the receptors in future studies.

2704 The Convergence of Fibrogenic and Estrogen

Receptor Signaling Pathways: A Target for MultiWalled Carbon Nanotubes

L. C. Smith2, S. Moreno2, D. W. Porter1, and T. Sabo-Attwood2.
1NIOSH, Morgantown, WV; and 2University of Florida, Gainesville,
FL.
Pulmonary fibrosis (PF) is an irreversible condition that if progressive can
lead to potentially fatal lung disease characterized by organ malfunction and respiratory failure. PF can have unknown etiology as in idiopathic pulmonary fibrosis (IPF) or be associated with exposure to environmental agents such as asbestos fibers and potentially multi-walled
carbon nanotubes (MWNT). The role of sex hormones and their receptors in PF is unclear despite the existence of sex-specific trends in the
incidence and prevalence of IPF. The goal of this research is to examine
a role for estrogen (E2) in fibrogenic signaling induced by MWNTs in
bronchial epithelial cells (BEAS-2B). BEAS-2Bs were exposed to Mitsui
MWNTs and estrogen receptor alpha (ESR1) gene expression was measured by qPCR. Results revealed a statistically significant (p < 0.05) 16,
48, and 56% reduction in ESR1 mRNA expression after 48 hr exposure
to 0.2, 2, and 20 μg/mL MWNTs, respectively. Inhibition of transforming
growth factor beta1 (TGF-β1), a pro-fibrogenic cytokine shown to be
up-regulated by MWNTs, using a receptor-specific inhibitor blocked the

MWNT-induced reduction suggesting a role for TGF-β1 in mediating the
inhibitory effects. Next we performed an RNAseq analysis of BEAS-2Bs
exposed to E2 in the presence and absence of TGF-β1 to identify downstream targets of E2 that are susceptible to TGF-β1 and potentially
MWNTs. Results revealed distinct expression profiles where exposure to
TGF-β1 resulted in modulation of genes involved in extracellular matrix
organization and cell adhesion by E2. Of the genes involved in cell adhesion, Muc15 emerged as a potential target of E2 as Muc15 exhibited a
statistically significant (p < 0.05) Log2(Fold Change) of 2.09 in the E2
group, -4.61 in the TGF-β1 group, and no statistically significant difference in the group co-exposed to TGF-β1 and E2 suggesting that TGF-β1
inhibited the E2-induced expression through inhibition of ESR1 gene
expression. Current work is investigating Muc15 as a target for MWNTs.
Results of this work highlight ESR1 and E2 target genes as potential
targets of MWNTs in the lung.

2705 Classification of Chemical Reactivity of Various
Carbon Nanotubes Using Redox Potential to
Estimate ROS Toxicity from Physicochemical
Properties

S. Tsuruoka1, H. Matsumoto2, and V. Castranova3. 1Shinshu
University, Nagano, Japan; 2Shinshu University, Tokyo, Japan; and
3West Virginia University, Morgantown, WV.
The redox potential is an important physicochemical property to estimate toxicity of nano materials because most bioactivities are redox
reactions. Recently, as far as nano particle reactions in the endoplasmic
compartment are concerned, interactions among nano particles, proteins, and biomarkers must be explored with respect to redox potentials.
Redox potentials of carbon nanotubes have been discussed previously;
however, they have not been evaluated in detail as yet.. The present
study systematically examined the kinetics of a hydroxyl radical scavenging reaction for various carbon nanotubes (CNTs), including double-walled and multi-walled carbon nanotubes (DWCNTs and MWCNTs),
and carbon nano peapods (AuCl3@DWCNT). A previously proposed
theoretical model was used to analyze the experimental results. The
reaction kinetics for DWCNTs and thin MWCNTs agreed well with the
theoretical model and were consistent with each other. Furthermore,
thin and thick MWCNTs behaved differently, which also was consistent
with the theory. Additionally, surface morphology of CNTs substantially
influenced the reaction kinetics, while addition of doped particles into
the hollow center of CNTs (AuCl3@DWCNT) shifted the redox potential
in a different direction. These findings make it possible to predict the
chemical and biological reactivity of CNTs based on their structural and
chemical nature and their redox potential. (ST was partially supported
by the research program “Center of Innovation” by Japan Science and
Technology Agency)

2706 High-Dimension Biological Analysis of MultiWalled Carbon Nanotube Toxicity

Sarigiannis1,4,,

D.
S. P. Karakitsios1, A. Tsatsakis5, K. S. Golokhvast2,
and A. B. Engin3. 1Aristotle University of Thessaloniki, Thessaloniki,
Greece; 2Far Eastern Federal University, Vladivostock, Russian
Federation; 3Gazi University, Ankara, Turkey; 4Institute of Advanced
Study, Pavia, Italy; and 5University of Crete, Heraklion, Greece.
The toxic effects of multi-walled carbon nanotubes (MWCNTs) are often
associated with intracellular oxidative processes related to generation
of reactive oxygen species (ROS). The latter is enhanced by metallic
impurities, that can be mobilized from the carbon nanotubes to the surrounding biological microenvironment. Aiming at identifying the effects
of exposure to purified and unpurified MWCNTs on different biological targets immunological, biochemical, gene expression and biological pathway analyses were carried out on samples from health human
volunteers and in vitro models. The MWCNTs with higher amount of
metallic impurities caused a 1.8-fold increase in lipid hydroperoxide
levels, while the number of mature T lymphocytes with reduced potential underwent a more than 3-fold increase, as compared to the purified MWCNTs. Whole genome transcriptomics in lung epithelium cells
(A549) and keratinocytes (HaCaT) showed that gene expression is significantly modulated after exposure to purified and unpurified MWCNTs.
48-hour exposure resulted in approximately 500 genes expressed differentially in the case of MWCNTs with different levels of impurities.
Similar results were found when we analyzed the data isolating the 25
genes involved in the molecular pathway associated to oxidative stress.
The persistence of the induction of genes driving chemokine and cytokine-signaling-mediated inflammation showed the importance of the
inflammatory effects of MWCNTs, and in particular the unpurified ones.
Pathway analysis showed significant modulation of genes related to
the NFkB pathway, after exposure to unpurified MWCNTs, as a result
of oxidative stress induction. This may cause a perturbation of the IL-6

2707 Modulating Redox Status of Carbon Nanodots in
THP-1 Human Monocytes

Jia3,

Z.
N. H. Chiu3, Q. Hu2, S. Khan3, J. Biswas3, H. Zhu1, and R. Y. Li1.
1Campbell University School of Osteopathic Medicine, Buies Creek,
NC; 2University at Buffalo, Buffalo, NY; and 3University of North
Carolina at Greensboro, Greensboro, NC.
Carbon nanodots, a new class of carbon nanomaterials with sizes below
10 nm, have recently attracted wide attention due to their superiority
in water solubility and wide applications in energy, biological labeling,
bioimaging and drug delivery. Monocytes are known to be involved
in inflammable vascular diseases, and have been suggested to be the
targets for carbon nanodots exposure. Using FITC-Annexin V/7-AAD
flow cytometry this study for the first time demonstrated that carbon
nanodots at concentrations of 0.3-1.2 mg/mL for 6 h elicited no toxic
effects to THP-1 human monocytes. The exposure to carbon nanodotsat
such concentrations showed no significant differences in the levels of
cellular glutathione and glutathione S-transferase in the cells. However,
carbon nanodots have shown to scavenge superoxide and peroxynitrite species in a dose-dependent fashion. Also the pretreatment of cells
with carbon nanodots afforded a remarkable protection against acrolein-induced cell deaths as determined by FITC-annexin V and 7-AAD flow
cytometry. Collectively, our results suggest carbon nanodots have novel
and unique nano-pharmacological properties that can potentially be
useful for treating inflammatory disorders such as atherosclerosis.

2708 Carbon-Based Nanomaterials Trigger

Inflammasome Activation in Human
Macrophages: Role of Toll-Like Receptor
Activation and Intracellular Sensing via NLRP3

S. P. Mukherjee1, F. Andon1, K. Bhattacharya1, N. Lozano4, I.
Gessner3, A. A. Shvedova2, S. Mathur3, K. Kostarelos4, and B.
Fadeel1. 1Karolinska Institutet, Stockholm, Sweden; 2NIOSH,
Morgantown, WV; 3University of Cologne, Cologne, Germany; and
4University of Manchester, Manchester, United Kingdom.
Carbon-based nanomaterials (CBNs) hold great promises in the fields
of medicine and engineering due to their intrinsic electro-mechanical properties (Bhattacharya et al. Nanomedicine. 2016;12(2):333-51).
However, CBNs may also trigger inflammation leading to potential
adverse outcomes. Inflammasomes are key signaling platforms that
detect microorganisms as well as sterile stressors, leading to the secretion of pro-inflammatory cytokines, e.g., IL-1β. Here we investigated
how different CBNs, including hollow carbon spheres (HCS), single- and
multi-walled carbon nanotubes (CNTs), and graphene oxides (GO; with
small or large lateral dimensions) are sensed by primary human macrophages which are key cells of the innate immune system. First, we
determined the endotoxin content of all the materials, a prerequisite
for any studies using immune-competent cells. Then, primary human
monocyte-derived macrophages (HMDM) were exposed for 24 h of the
various CBNs to assess cytotoxicity. We also performed cytokine profiling using a multiplex assay, and IL-1β secretion was monitored using
ELISA, in HMDMs primed or not with lipopolysaccharide (LPS). IL-1β production was noted in presence, but not in the absence of LPS priming,
indicative of inflammasome activation. Using THP-1 knockdown cell
lines, we found that IL-1β secretion was caspase-1-, ASC-, and NLRP3dependent. Furthermore, HEK293 reporter cell lines were employed to
evaluate the role of Toll-like receptor activation. Notably, SWCNT were
apparently sensed by both TLR 2 and TLR4, while GO did not trigger TLR
activation. Overall, our study showed that different CBNs, both small,
spherical carbon particles (i.e., HCS) as well as small and large GOs, and
CNTs, are capable of activating inflammasome, but only when the macrophages are LPS primed.

2709 Inhalation Exposure to Multi-Walled Carbon

Nanotubes Reduces TH2 Immune Responses in a
House Dust Mite Model of Asthma

M. D. Ihrie3, A. J. Taylor3, G. L. Baker1, M. D. Stout2, K. S. Duke3, and
J. C. Bonner3. 1Battelle, West Jefferson, OH; 2National Toxicology
Program, Research Triangle Park, NC; and 3North Carolina State
University, Raleigh, NC.
Introduction: Multi-walled carbon nanotubes (MWCNTs) have numerous
applications in electronics and engineering. There is increasing evidence
that MWCNTs can have harmful effects upon inhalation. Specifically,
exposure to MWCNTs may initiate an inflammatory response in the
lungs which can influence the development of lung diseases such
as asthma, an allergic lung disease characterized by a TH2 immune
response, airway hypersensitivity and mucus cell metaplasia (MCM).
Our lab has previously shown that co-exposure of MWCNTs with house
dust mite allergen (HDM) causes an enhanced asthmatic phenotype; we
therefore hypothesized that inhalation exposure of mice to MWCNTs
would render them more susceptible to developing HDM-induced
allergic airway disease. Methods: Male B6C3F1/N mice (n=76) were
exposed by whole body inhalation for 30 days to 0, 0.06, 0.2 and 0.6
mg/m3 of 1020 Long MWCNTs (Sun Innovations, Inc.). Mice were then
given 25 μg of HDM by intranasal instillation 6 times over 3 weeks. Mice
were sacrificed 3 and 30 days after the last HDM dose and bronchoalveolar lavage fluid (BALF), serum and organs were collected. Results:
BALF cell counts displayed HDM-induced eosinophilia at 3 days, which
decreased by 30 days and was reduced by MWCNT exposure. IL-13 and
CCL2 levels were elevated in the BALF of HDM treated mice at 3 days
and showed a downward trend with increasing MWCNT dose; IL-1β and
TGF-β1 were increased at 30 days by MWCNT treatment. Serum IgE was
significantly increased by HDM treatment while MWCNT exposure significantly reduced this effect (p<0.001). Lung histology showed modest
airway inflammation caused by HDM or MWCNTs at 3 days, while at 30
days, greater collagen deposition and airway inflammation was caused
by MWCNT/HDM exposure. HDM exposure caused MCM, while MWCNT
treatment had no significant effect alone nor did MWCNTs alter HDMinduced MCM. Conclusions: Inhalation exposure to MWCNT caused a
dose-dependent increase in airway inflammation that was enhanced by
HDM exposure. However, MWCNT exposure decreased common allergic
markers in HDM-induced asthma, indicating the possibility of differing
mechanisms of inflammation. Further work will examine the roles that
TH1 and TH2 mediated inflammation play in this model. (Funding: NIEHS
grant R01-ES020897)

2710 Inhibitory Effects of Triamcinolone-Carbon
Nanotube Conjugation on Inflammation of
Human Arthritis Synovial Fibroblasts

S. Lee1, and S. H. Kim2. 1Korea Research Institute of Bioscience and
Biotechnology, Jeongeup, Korea, Republic of; and 2Kyungpook
National University, Daegu, Korea, Republic of.
Repetitive intra-articular corticosteroid injections are inevitable for
treating synovial inflammation in advanced arthritis. However, shortand long-term use of corticosteroids usually triggers serious side effects
(i.e., adrenal insufficiency, hyperglycemia, Cushing syndrome, osteoporosis, Charcot arthropathy, etc.). This study demonstrated that conjugation of a corticosteroid (triamcinolone) on polyethyleneglycol (PEG)fabricated multi-walled carbon nanotubes enhances intracellular drug
delivery via increased lysosome transport and ultimately suppresses the
expression of major pro-inflammatory cytokines ( i.e.,TNF-a, IL-1b, and
IL-6) and matrix metalloproteinase-1 and -3 from fibroblast-like synoviocytes at a very low drug dose. Specifically, conjugation of triamcinolone and multi-walled carbon nanotubes inactivated nuclear factor-kB
via inhibition of the phosphorylation of mitogen-activated protein
kinases and the serine/threonine kinase Akt. In summary, low-dose triamcinolone conjugation with carbon nanotubes significantly inhibited
the inflammatory response of fibroblast-like synoviocytes by achieving
highly efficient intracellular trafficking and suggested a potential
drug candidate for resolving side effects associated with conventional
arthritis treatment.
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pathway that aims to regulate inflammatory processes and compensate
apoptotic changes. Overall observed immunological responses related
to MWCNT exposure are considered the result of the synergistic effect
of systemic (mediated by cells of the exposure routes) and local inflammation (blood cells).

2711 Comparative Analyses of Genome-Wide

Transcriptomic Signatures in Mesotheliomas
Induced by Multi-Walled Carbon Nanotubes and
Amosite Asbestos in Wistar Rats

S. M. Reamon-Buettner, A. Hiemisch, S. Rittinghausen, and C.
Ziemann. Fraunhofer-ITEM, Hannover, Germany. Sponsor: C.
Dasenbrock.
Mesothelioma is an aggressive asbestos-associated cancer derived from
mesothelial lining cells of the pleural and peritoneal cavities. Recently,
certain long and straight multi-walled carbon nanotubes (MWCNTs)
have been shown to induce mesotheliomas in rat models. To understand the molecular basis of MWCNT-induced carcinogenesis, we analyzed pathologically well-characterized malignant tumors obtained
after intraperitoneal injection of three different MWCNTs and amosite
asbestos (positive control) in Wistar rats. Genome-wide transcriptome
analysis of mRNA from tumor tissue samples using Affymetrix microarray
technology showed approximately 4,000 significantly differentially-regulated genes per inducer in both MWCNTs and amosite asbestos. These
up- or down-regulated genes affect a broad panel of different molecules. We have undertaken bioinformatic analyses of transcriptomic
changes using comparative tools contained in Ingenuity Pathway
Analysis (IPA). We obtained many common features concerning activated or inhibited canonical pathways and bio-functions in the tumors
induced by MWCNTs and amosite asbestos. IL8 signaling was identified
to be among the top-scoring activated pathways. While there are commonalities, we also found differences in the transcriptomic signatures.
For instance, the tumors share common as well as unique biomarkers
among the MWCNTs, or between the MWCNTs and amosite asbestos.
Altogether, comparing transcriptomic signatures of mesotheliomas
from different inducers could help in elucidating the mechanisms of
MWCNT-induced carcinogenesis and eventually in the risk assessments
of MWCNTs.

2712 STAT1 Regulates Pulmonary Fibrosis in

Mice after Exposure to Multi-Walled Carbon
Nanotubes through Suppression of TGF-β1
Production and Signaling
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2713 Pristine and Carboxylic Acid Functionalized

Multi-Walled Carbon Nanotubes Induce
Pulmonary Injury Through Distinct Mechanisms

S. Hussain1, A. Taylor2, L. Miller-Degraff1, R. Snyder1, M. George1, J.
Marshburn1, A. Rice1, J. Bonner2, and S. Garantziotis1. 1NIEHS/NIH,
Research Triangle Park, NC; and 2North Carolina State University,
Raleigh, NC.
Chemically functionalized multi-walled carbon nanotubes (MWCNT),
in addition to maintaining characteristics of pristine nanotubes, offer
higher dispersion characteristics and demonstrate enhanced performance in a variety of commercial applications. There have been conflicting findings about the toxic potential of functionalized MWCNT, particularly carboxylic acid functionalized MWCNTs (COOH-MWCNT). We
aimed at deciphering the role of COOH surface functionalization in the
lung injury potential of MWCNTs. We employed in vivo (C57Bl6J mice)
and translational in vitro models (primary human bronchial epithelial
cells and human lung fibroblasts) to investigate underlying mechanisms of acute and subacute MWCNT toxicity. Commercially available
MWCNTs were used either in pristine form or after covalent functionalization with COOH. We characterized both pristine and functionalized
MWCNT through a variety of methods, including transmission electron
microscopy, FTIR, ICP-OES and Raman spectroscopy, and dynamic light
scattering. Toxicity of MWCNT was evaluated in mouse lungs after single
oropharyngeal aspiration of 1.5mg/Kg MWCNT, or in vitro after 25-50
µg/mL MWCNT exposures. Mice were sacrificed either at day 1 or day 21
after MWCNT exposure; lung lavage was performed and lungs were collected for histology and protein/RNA isolations. A gender specificity was
noted in lung toxicity of COOH-MWCNTs but not MWCNT, i.e. female
mice presenting significantly higher susceptibility in terms of inflammation, fibrosis, and mucous cell metaplasia. We observed a persistent
increase in alveolar macrophage numbers after COOH-MWCNTs while
MWCNT induced a transient increase in macrophages and neutrophils.
Both MWCNT and COOH-MWCNTs induced fibrosis and mucous cell
metaplasia. Only MWCNT induced significant epithelial damage and
inflammasome activation (in vivo and in vitro). We further observed that
fibrosis-related gene expression in monoculture of human lung fibroblasts is an excellent predictor of in vivo outcome after COOH-MWCNT
and MWCNT exposures. In conclusion, we demonstrate that distinct
mechanisms of lung injury are induced in a gender-specific manner after
pristine and functionalized MWCNT exposures.

K. Duke, A. Taylor, M. Ihrie, K. Shipkowski, E. Needham, and J.
Bonner. North Carolina State University, Raleigh, NC.
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Introduction: Multi-walled carbon nanotubes (MWCNT) are a potential
risk for pulmonary fibrosis due to their fiber-like shape; other physico-chemical features such as rigidity could also confer fibrogenicity.
The signal transducer and activator of transcription-1 (STAT1) is an
important anti-fibrogenic transcription factor that promotes fibroblast
growth arrest. STAT1 deficient (Stat1-/-) mice are susceptible to pulmonary fibrosis. In this study, we hypothesized that Stat1-/- mice or primary
Stat1-/- lung fibroblasts exhibit a differential fibrogenic response to
tangled (t-) vs. rigid (r-) MWCNT above that seen with wild-type (Stat1+/+)
mice or Stat1+/+ lung fibroblasts. Methods: Primary mouse lung fibroblasts (MLF) were isolated from Stat1+/+ or Stat1-/- mice, exposed to a tor rMWCNT (10 μg/ml) and analyzed for protein expression of fibrogenic
mediators by Western blot. Stat1+/+ and Stat1-/- mice were exposed to
t- or rMWCNT (4 mg/kg) via oropharyngeal aspiration and lung tissues
were collected after one and 21 days to measure mRNA and protein
levels of fibrogenic mediators. Results: rMWCNT caused mucous cell
metaplasia, epithelial cell proliferation, increased fibrosis and larger
granulomas in the lungs of mice compared to tMWCNT. Both MWCNTs
induce acute neutrophilia, however only rMWCNT induce chronic neutrophilia. Stat1-/- mice exhibited higher serum levels of IgE and higher
levels when treated with rMWCNT. Stat1-/- mice treated with rMWCNT
had higher TGF-β1 protein levels in bronchoalveolar lavage fluid,
increased TGF-β1 signaling activation, and airway collagen deposition
after 21 days than Stat1+/+ mice. Conclusions: r- and tMWCNT induce different pulmonary fibrogenic responses that are exaggerated by STAT1
deficiency, emphasizing the importance of tube rigidity and genetic susceptibility. The mechanism of STAT1 susceptibility to MWCNT-induced
fibrosis appears to be through dysregulated TGF-β1 production and
signaling.

2714 Graphene Toxicity is Mediated by

Endonucleases: Application of New Inhibitors for
DNase I and EndoG

T. Fahmi2, D. S. Jang2, A. V. Savenka2, Z. A. Nima1, T. Fite2, A. S. Biris1,
and A. G. Basnakian2. 1University of Arkansas at Little Rock, Little
Rock, AR; and 2University of Arkansas for Medical Sciences, Little
Rock, AR.
Graphene is a carbon-based nanomaterial with extraordinary properties,
but the possibility of its applications raises questions of biosafety due
to potential toxicity. Existing data on toxicity of carbon nanomaterials
indicate that they can be occupational, environmental and biomedical hazard. The most reliable and mechanistic marker of cytotoxicity
is endonuclease-mediated DNA fragmentation. Two endonucleases,
deoxyribonuclease I (DNase I) and endonuclease G (EndoG), are the
most active and abundant apoptotic endonucleases in the body known
to mediate irreversible cell death induced by toxic, hypoxic and radiation injuries to the cells and tissues. Determining the role of endogenous endonucleases in graphene-induced cell death would be a strong
evidence of graphene toxicity. However, neither inhibitors nor highthroughput methods for screening of high-volume chemical libraries
in search of endonuclease inhibitors are available. We developed the
first of a kind high-throughput DNase assay based on a near-infrared
fluorescence (NIRF) oligonucleotide probe. The assay was shown to
be sensitive to DNase I and EndoG, operationally simple, very reliable
(Z’≥0.5), and had low operator, intra- and inter-assay variabilities. The
assay was used to screen a chemical library to identify new endonuclease inhibitors: IG-17 (1,3-phenylene-bis-aminoguanidine hydrochloride) for DNase I and PNR-3-82 (5-((1-(2-naphthoyl)-5-methoxy-1H-indol-3-yl)methylene)-2-thioxodihy dropyrimidine-4,6(1H,5H)-dione) for
EndoG. The inhibitors were used in vitro against graphene toxicity to
normal rat kidney NRK-52E cells. The inhibitors were found to markedly
suppress the toxicity clearly indicating that DNase I and EndoG are these
endonucleases mechanistically involved in graphene cytotoxicity. Our
further experiments indicate the absence of toxicity of the endonuclease inhibitors themselves in mice, suggesting that these they can be
used to determine the role of endonucleases in graphene toxicity, and
more general, nanomaterial toxicity in vivo.

Nanomaterial on Skin Inflammation in a Model
of Allergic Contact Dermatitis

B. C. Palmer, S. Phelan, and L. A. DeLouise. University of Rochester,
Rochester, NY.
Carbon nanomaterials (CNM), both fullerenes and carbon nanotubes
(CNT), are only available in a few consumer products, and the greatest
skin exposure risk remains occupational in nature. However, CNM skin
exposure could increase in the future, since present CNM research is
focused on transdermal drug delivery, biomedical imaging systems,
and textiles. There is limited research in the field of dermal nanotoxicity
and most studies have only examined high dose exposures in healthy
animal models. This study examines the effect of lower, more relevant
CNM doses on the skin of both healthy mice and a dinitrofluorobenzene
(DNFB) induced mouse model of allergic contact dermatitis (ACD). ACD
is characterized by skin barrier disruption, swelling, and inflammation
upon contact with a chemical hapten or allergen, and we hypothesize
that carbon nanomaterial exposure to skin will be immunomodulatory
and alter the progression of allergic contact dermatitis. Thus far, three
doses (0.5, 5, 50 µg/cm2) of both a long and short carboxylated multiwalled CNT have been tested in the ACD model. The skin thickness, and
transepidermal water loss values are not altered by the CNT exposure,
after a 24 hour exposure. However, IL-6 levels in the skin homogenate
are decreased by the 5 and 50 µg/cm2 doses, and macrophage migration from the skin is also reduced by the CNT exposure, as measured
by flow cytometry. This data illustrates a possible immunosuppressive
effect of CNT when applied to the skin of an ACD model, but this effect
is insufficient to alter the skin morphology after a 24 hour exposure.
Future work will examine sub-acute dosing of CNT and identify effects
on long term dermatitis resolution. Identification of the possible hazards
involved with CNM dermal application may help in exposure risk assessment and the design of safer materials. (Funding Sources: NIEHS Training
Grant ES07026, NIH RO1 ES021492)

2716 Impaired Ciliogenesis in Differentiating Human
Bronchial Epithelia Exposed to Nontoxic Doses
of Multi-Walled Carbon Nanotubes

R. J. Snyder1, S. Hussain1, C. J. Tucker1, S. H. Randell2, and S.
Garantziotis1. 1NIEHS, Durham, NC; and 2University of North
Carolina Chapel Hill, Chapel Hill, NC.
Multi-walled carbon nanotubes (MWCNTs) are nanoscale hollow fibers
used for a variety of industrial and consumer products due to their
unique properties. While MWCNT inhalation is known to cause inflammation and pulmonary fibrosis at high doses, the susceptibility of
damaged and regenerating airways to MWCNT exposure remains unexplored. In this study, we investigate the effect of MWCNT exposure on
cilia development in a differentiating air-liquid interface (ALI) model.
Primary bronchial epithelial cells (BECs) were taken from healthy human
donors via bronchoscopy and treated with non-cytotoxic doses (1ug/
cm2 or less) of MWCNTs in submerged culture for 24 hours. Cultures
were then allowed to differentiate in ALI for 28 days in the absence of
further exposure and markers of mucociliary differentiation were compared. Whole-mount immunofluorescent microscopy of F-actin and
a-tubulin indicated significantly decreased cilia staining in cultures
previously treated with MWCNTs. Analysis of cilia beating by highspeed motion capture also revealed significantly increased variability in
beating frequency and amplitude in exposed BEC cultures after 28 days.
Expression of mucociliary marker genes FOXJ1, MUC5AC, and MUC5B
was unaffected by exposure. Ultrastructural imaging of ciliary axonemes
showed a modest effect of MWCNT exposure on microtubule organization and ciliary architecture. Confocal imaging of actin and y-tubulin
staining during early ciliogenesis suggested a disruption of the cytoskeleton and impaired apical docking of basal bodies in MWCNT-exposed
cells. Colocalization of CEP164 with y-tubulin procentrioles was significantly reduced in days 1-3 of ciliogenesis following MWCNT exposure,
suggesting that basal body synthesis may be disrupted prior to ciliary
vesicle formation. The results of this study demonstrate that a brief
exposure of undifferentiated or denuded epithelium to low, nontoxic
doses of MWCNTs can impair normal ciliogenesis during cell differentiation, and that this effect appears to be driven by interactions with the
cytoskeleton and basal body synthesis, rather than MWCNT effects on
gene transcription.

2717 The Effects of Inhaled Multi-Walled Carbon

Nanotube Exposure on Signaling Pathways
Associated with Vascular Disease in Wild Type
Mice

G. Davis2, J. Lucero2, J. D. McDonald1, and A. K. Lund2. 1Lovelace
Respiratory Research Institute, Albuquerque, TX; and 2University of
North Texas, Denton, TX.
Cardiovascular disease (CVD), including coronary artery disease (CAD),
contributes to the leading cause of death in the US, and is becoming
a global risk as well. An emerging field, nanotechnology, has recently
been implicated in contributing to CVD. The use of nanomaterials is
becoming commonplace in its environmental, commercial, and therapeutic applications. While ongoing research has revealed that nanoparticle-exposure is associated with cardiovascular toxicity, the molecular
signaling mechanisms involved have not yet been fully elucidated.
When considering the etiology of CAD, it is likely that pathways that
mediate expression of pro-atherosclerotic factors, such as oxidized
low density lipoprotein (oxLDL) signaling, as well as those involved in
vascular remodeling, such as matrix metalloproteinase (MMP)-9, are
involved in nanoparticle-mediated vascular toxicity. As such, we investigated the hypothesis that inhalation exposure to multi-walled carbon
nanotubes (MWCNTs) results in alterations in oxLDL signaling in the vasculature, via the oxLDL lectin-like receptor (LOX-1) and cholesterol efflux
receptors (ABCA1), resulting in increased reactive oxygen species (ROS)
and MMP-9 expression. To test this hypothesis, 2mo old male C57Bl/6
mice were exposed for 6 h/day for 14 consecutive days to atmospheres
containing 1 mg/m3 MWCNTs or filtered air (FA, n=7). Our results show
increased ROS expression and MMP-2/-9 activity is within the systemic
(aortic) vasculature of MWCNT-exposed mice using DHE staining and
in situ zymography, respectively. Furthermore, immunofluorescence of
coronary vascular endothelial expression of LOX-1 was found to be significantly upregulated (1.4-fold induction), while ABCA1 expression was
decreased (0.75-fold reduction) in MWCNT-exposed hearts, compared
to FA controls. This data suggests that LOX-1, ROS, and dysregulated
MMP activity may be involved in MWCNT-mediated vascular toxicity.
(Funding for this research was provided by R00 ES0126586 and UNT RIG
Grant GA9306 to AKL)

2718 Osteopontin Modulates SWCNT-Induced

Pulmonary Fibrosis Upstream of the TGF-β1
Signaling

T. O. Khaliullin4,1,, E. R. Kisin1, N. Yanamala1, M. R. Shurin3, V. E.
Kagan2, and A. A. Shvedova4,1,. 1CDC/NIOSH, Morgantown, WV;
2University of Pittsburgh, Pittsburgh, PA; 3University of Pittsburgh
Medical Center, Pittsburgh, PA; and 4West Virginia University,
Morgantown, WV.
It has been shown by a number of in vivo studies that pulmonary
exposure to carbon nanotubes may lead to acute local inflammatory
response, pulmonary fibrosis and granulomatous lesions. Among
factors that play direct role in initiation and progression of fibrotic
process are epithelial-mesenchymal transition and myofibroblasts
recruitment/differentiation, mediated by the transforming growth factor-β1 (TGF-β1). Yet, other contributors to the TGF-β1 associated signaling, such as osteopontin (OPN) has not been fully investigated. To
explore this issue, OPN-knockout female mice (OPN-KO) along with
their wild-type (WT) counterparts were exposed to single-walled carbon
nanotubes (SWCNT) (40 µg/mouse) via pharyngeal aspiration and pulmonary fibrotic response was assessed 1, 7 and 28 days post-exposure.
Simultaneously, RAW 264.7 and MLE-15 cells were treated with SWCNT
(24 hours, 6 μg/cm2 to 48 μg/cm2) or bleomycin (0.1 μg/ml) in the presence of OPN-blocking antibody or isotype control and TGF-β1 was measured in supernatants. Diminished lactate dehydrogenase activity and
protein levels at all time points, along with less pronounced neutrophil
influx 24 h post-exposure, were registered in broncho-alveolar lavage
fluid (BALF) of OPN-KO mice compared to WT mice. Pro-inflammatory
cytokines release (IL-6, TNF-α, MCP-1) was also reduced. A significant
two-fold increase in TGF-β1 was found in BALF of WT mice at 7 days,
while TGF-β1 levels in OPN-KO animals remained unaltered. Histological
examination revealed marked decrease in granulomas formation and
less collagen deposition in the lungs of OPN-KO mice compared to WT.
RAW 264.7 and MLE-15 cells exposed to SWCNT and bleomycin had significantly less TGF-β1 released in the presence of OPN-blocking antibody. Thus, we believe that OPN is important in initiating the cellular
mechanisms that produce an overall pathological response to SWCNT
and it acts upstream of TGF-β1. Further investigation to understand the
mechanistic details of such interactions is critical to predict outcomes
produced by carbon nanotubes pulmonary exposure.
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2715 The Effect of Topically Applied Carbon

2719 Thrombospondin-1 Mediates Multi-Walled
Carbon Nanotube-Induced Impairment of
Arteriolar Dilation

W. K. Mandler2, T. R. Nurkiewicz2, D. W. Porter1, and I. M. Olfert2.
1NIOSH, Morgantown, WV; and 2West Virginia University,
Morgantown, WV.
Pulmonary exposure to multi-walled carbon nanotubes (MWCNT) and
other nanomaterials has been shown to disrupt endothelium-dependent arteriolar dilation in the peripheral microcirculation. The molecular
mechanisms behind these arteriolar disruptions have yet to be fully elucidated. The secreted matricellular matrix protein thrombospondin-1
(TSP-1) is capable of moderating arteriolar vasodilation by inhibiting
soluble guanylate cyclase activity. We hypothesized that TSP-1 may be
a link between nanomaterial exposure and observed peripheral microvascular dysfunction. To test this hypothesis, wild-type C57B6J (WT) and
TSP-1 knockout (KO) mice were exposed via lung aspiration to MWCNT
or a sham dispersion medium control. Following exposure (24hrs),
arteriolar characteristics and reactivity were measured in the gluteus
maximus muscle using intravital microscopy (IVM) coupled with microiontophoretic delivery of acetylcholine (ACh) or sodium nitroprusside
(SNP). In WT mice exposed to MWCNT, skeletal muscle TSP-1 protein
increased > 5-fold compared to sham exposed, and exhibited a 39%
and 47% decrease in endothelium-dependent and independent vasodilation, respectively. In contrast, TSP-1 protein was not increased following MWCNT exposure in KO mice and exhibited no loss in dilatory
capacity. Microvascular leukocyte activation was measured by assessing
third order venular leukocyte adhesion and rolling activity. The WT +
MWCNT group demonstrated 223% higher leukocyte rolling compared
to WT + SHAM controls. TSP-1 KO animals exposed to MWCNT showed
no differences from WT + SHAM control. These data provide evidence
that TSP-1 mediates, in part, the systemic microvascular dysfunction in
the periphery that follows pulmonary ENM exposure.

2720 Role of Matrix Metalloproteinases (MMPs)

in Multi-Walled Carbon Nanotube (MWCNT)
Exposure-Induced Inflammatory Responses
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T. Young2, B. Sanchez2, C. Tyler2, M. Aragon2, A. Ottens3, A. Erdely1,
and M. Campen2. 1NIOSH, Morgantown, WV; 2University of
New Mexico, Albuquerque, NM; and 3Virginia Commonwealth
University, Richmond, VA.
The mechanism by which MWCNT inhalation exposure causes extrapulmonary health effects is currently poorly understood. We recently
demonstrated that MWCNT could generate circulating bioactivity that
was dependent on MMP-9 and interactions between circulating ligands
and the scavenger receptor/immunomodulator CD36, which ultimately
led to endothelial dysfunction and impaired vasodilation. In the present
study, we interrogated endothelial cell inflammatory responses and the
potential for a major endogenous CD36 ligand, thrombospondin-1 (TSP1), to drive such systemic responses to pulmonary MWCNT exposure.
We exposed C57BL/6 (WT) and MMP-9 (MMP-9-/-) knockout mice to 0
(dispersion media; DM), 10 or 40µg MWCNT via pharyngeal aspiration
in an acute or repeated, subchronic exposure design. Acutely, mice
were exposed once to 0, 10, or 40µg of MWCNT and euthanized 4 or
24h post-aspiration. For the subchronic exposure, mice were subjected
to either one dose of 40µg MWCNT or DM, followed by weekly doses
of DM; or once weekly doses of 10µg MWCNT and euthanized 4 weeks
post initial aspiration. Bronchoalveolar lavage (BAL) fluid and serum
MMP levels, serum TSP-1 and 4-hydroxy-2-nonenal (4HNE) (oxidative
stress marker), and markers of neuroinflammation were evaluated via
immunoblotting. MMP activity was assessed via zymography and vascular and neuroinflammatory gene expression were evaluated via qPCR.
Acute 10µg MWCNT exposure resulted in a 90% increase in serum TSP-1
in WT mice compared to DM controls. No significant increase in TSP-1
was observed in MMP-9-/- mice with 4h MWCNT exposure. TSP-1 was
increased 136% in MMP-9-/- and 94% in WT serum with repeated exposure to 10µg MWCNT compared to 57% and 24% respectively following
a single 40µg MWCNT exposure. Serum 4HNE levels were unchanged
by MWCNT exposure. Serum from both WT and MMP9-/- mice exhibited inflammatory bioactivity, however, suggesting that MMP9-cleaved
ligands may drive vasodilatory impairments, but not endothelial inflammatory responses. These preliminary results suggest that MWCNT
exposure induces serum TSP-1 in an MMP-9 independent manner, but
it is unlikely that TSP-1 drives the cumulative circulating inflammatory
potential induced by MWCNT. (Supported by NIOSH grant #OH010828)

2721 Investigation of the Role of Osteopontin in

Pulmonary Granuloma Formation and Fibrosis
following Carbon Nanotube Exposure

K. Smith, T. Eye, R. Salmen, A. Liston, P. C. Zeidler-Erdely, R. R.
Mercer, and A. Erdely. NIOSH, Morgantown, WV.
Pulmonary exposure to multi-walled carbon nanotubes (MWCNT)
is known to induce granuloma formation with associated fibrosis.
Granuloma formation following a pulmonary exposure is dependent
on osteopontin (OPN) production by regulating macrophage accumulation. Levels of OPN are increased in silicosis, tuberculosis, and asbestos-related pathologies and circulating levels may serve to elucidate
disease progression. In this study, we investigated the role of OPN in
the fibrotic and granulomatous response following MWCNT exposure.
Wild-type (WT) or OPN-deficient (OPN-/-) mice were exposed by oropharyngeal aspiration to vehicle (DM; 0.6 mg/ml mouse serum albumin and
0.01 mg/ml DPPC) or 40 µg of MWCNT, a dose known to induce granulomas, and sacrificed 1, 7, and 28 d post-exposure. Pulmonary OPN relative mRNA expression (peaked at 7 d) and protein levels were induced in
wild-type mice following MWCNT exposure. No detectable levels of OPN
were found in the OPN-/- mice, verifying the knockout model. With OPN
deficiency, microgranuloma incidence (6/6 WT; 1/4 OPN-/-) and severity
(1.50 ± 0.34 WT vs 0.25 ± 0.25 OPN-/-) was reduced 28 d post-exposure.
Scoring of perivascular and peribronchial lymphoid infiltrates was also
reduced (1.83 ± 0.17 WT vs 0.75 ± 0.25 OPN-/-). General fibrosis scored
from Trichome-stained sections showed 100 % incidence in all exposed
mice with no difference in severity (1.80 ± 0.20 WT vs 1.75 ± 0.25 OPN-/-).
Alveolar fibrosis, measured as alveolar wall thickness (µm), from PicroSirius Red staining was increased due to exposure but not affected by
deficiency of OPN (0.93 ± 0.05 WT/DM; 1.06 ± 0.05 OPN-/-/DM; 1.62 ±
0.07 WT/MWCNT; 1.50 ± 0.15 OPN-/-/MWCNT). Pulmonary cytotoxicity,
inflammatory cell influx, and relative mRNA expression of genes related
to macrophage function and recruitment (Ccl2, Ccl22, and Arg1) were
increased as a result of MWCNT exposure but not affected by OPN deficiency. In conclusion, OPN deficiency prevented the development of
granulomas but did not have a major influence on general inflammatory
parameters or the development of fibrosis.

2722 Single-Walled Carbon Nanotubes Increase

Influenza A Virus Infectivity through Oxidative
Stress Mechanisms

H. Chen. University of Florida, Gainesville, FL.
Background: Extensive application of nanomaterials has raised concerns
regarding their potential health impacts. Our previous research had
shown that pre-exposure of lung cells to single-walled carbon nanotubes (SWCNTs) modulated expression of several inflammatory and antiviral genes in concert with increased viral titers following subsequent
exposure to influenza virus H1N1 (IAV). Evidence indicates that SWCNTs
induce oxidative stress, which can impair cell function and impact on
innate immune signaling pathways. To investigate possible mechanism
of increased IAV infectivity by SWCNTs, we assessed the effect of oxidative stress induced by SWCNTs on innate antiviral responses in small
airway epithelial cells (SAEC). Methods: Reactive oxygen species (ROS)
were measured using a DCFDA method in SAEC exposed to SWCNTs
(0.2-30 ug/ml) or IAV (MOI=0.5) singly and in combination for 2-6 hours.
Before sequential exposures to SWCNTs (20 ug/mL) and IAV (MOI=0.5)
for 24 hours respectively, SAEC were treated with the antioxidant
(N-acetyl-l-cysteine (NAC)) as a means to block ROS production prior to
measuring endpoints that include mRNA expression of inflammatory
and antiviral genes as well as virus titers (TCID50). Results: A dose-dependent increase of ROS production was observed in cells exposed to doses
of SWCNTs ranging from 0.2 to 30 ug/mL with the lowest observed
adverse effect level (LOAEL) determined to be 2.0 ug/mL. SWCNTs (20
ug/mL) synergistically produced ROS with IAV in SAEC and significantly
inhibited expression of inflammatory and antiviral genes (RIG-I, MDA5,
TLR3, IFNβ1, CCL5, IL8, IFIT2, IFIT3) while increasing IAV virus titers. With
pre-treatment of NAC, the gene expression levels and virus titers in cells
treated with SWCNTs+IAV showed no significant changes compared
with those treated with IAV only. Conclusion: SWCNTs inhibited pulmonary immune responses and increased IAV infectivity in part through
oxidative stress mechanisms.

Nanotubes Alters the Pro- and Anti-Fibrogenic
Response in Human Pulmonary Cells In Vitro

A. Taylor, L. Finerty, and J. Bonner. North Carolina State University,
Raleigh, NC.
Multi-walled carbon nanotube (MWCNT) inhalation exposure is a potential risk to human health due to escalating production and use in consumer products. In order to guarantee safety, the toxicity properties
and mechanisms of MWCNTs must be identified. Multiple in vivo studies
have shown that pulmonary exposure to MWCNTs causes increased
inflammation and fibrosis. Functionalization of MWCNTs has been
shown to either decrease or increase toxicity. We evaluated a panel of
functionalized nanotubes from a common source (Nanocyl, Inc.). The
panel included eight MWCNTs: the original manufactured MWCNTs,
grinded MWCNTs, and MWCNTs that were chemically or thermally purified, then functionalized with carboxyl or amine groups. In order to test
their fibrogenic potential, we measured mRNA expression in a panel of
pro- and anti-fibrogenic mediators in human fibroblasts (MRC-5) and
bronchial epithelial cells (BEAS-2B). Pro- and anti-fibrogenic mediator
analysis included: TGF-β1, PDGF-A, PDGF-B, CCL2, OPN, TNF-α, IL-1β,
IL-18, IL-8, Col1a1, Col1a2, CXCL10, IFN-α & IFN-β. Taqman qRT-PCR was
performed to assess mRNA expression. After MWCNT exposure (24hr)
to BEAS-2B cells, the MWCNTs with the greatest fibrogenic potential
were the carboxylated and aminated MWCNTs. The original MWCNTs
(with 10% residue) also had fibrogenic potential. The MWCNTs with the
least fibrogenic potential were those that were thermally and chemically
purified (0.15-3% residue). The most toxic to the BEAS-2B cells was the
chemically purified, COOH-functionalized MWCNT. After MWCNT exposure (24hr) to MRC-5 cells, the MWCNTs with the greatest fibrogenic
potential were MWCNTs that were carboxylated, grinded, (10% residue)
or thermally purified. The chemically purified MWCNTs (2-3% residue)
had the smallest effect on the profibrogenic mediators. These findings
suggest that thermal or chemical purification reduce fibrogenic potential of MWCNTs but that subsequent functionalization could increase
fibrogenic potential. (Funding: NSF Grant 15-022)

2724 Impacts of Single-Walled Carbon Nanotubes on

Lipid Composition and Host Immune Responses
following Infection with Influenza A Virus

S. T. Humes, H. Chen, J. A. Lednicky, V. Dang, N. Denslow, and T.
Sabo-Attwood. University of Florida, Gainesville, FL.
Engineered nanoparticles are used widely throughout industry and in
a variety of consumer products; however, we are just now beginning to
mechanistically understand how exposures to nanoparticles through
inhalation may impact human health. Most research efforts have focused
on pulmonary disease endpoints such as fibrosis, allergic-type reactions,
and cancer, while the area of viral pathogen susceptibility remains less
well explored. Previous work by our group has determined that exposure of human small airway epithelial cells (SAECs) to a select type of
nanomaterial, single-walled carbon nanotubes (SWCNTs), increases host
susceptibility to Influenza A virus (IAV) infection. To better understand
the molecular mechanisms that contribute to these observations, we
investigated how SWCNTs modulate the host innate immune response,
with a particular focus on lipid compositions and associated gene
expression, such as IFITM (interferon-induced transmembrane) proteins.
We hypothesized that the SWCNTs are shifting normal cellular lipid
composition profiles, which leads to a repressed host immune response
and increased viral titer. For our approach we exposed SAECs to 20 µg/
mL pristine SWCNTs for 24 hours. Following exposure, we extracted cell
lipids and performed nontargeted lipidomics using a mass spectrometry
approach with analysis using LipidView, MarkerView, and LipidMap platforms. We additionally quantified the mRNA expression of IFITM genes
via quantitative realtime PCR (qRT-PCR). Data from the lipidomic analysis revealed that SWCNTs did not result in large shifts in overall lipid
classes, but did cause changes in specific lipid species. Gene expression analysis showed that SWCNTs did not alter the expression of IFITMs
alone, but did repress IAV-induced expression of several IFITM family
members. These results suggest that SWCNTs impact lipid composition
of human lung epithelial cells and impair innate immune mechanisms
that normally protect against viral infections. These studies highlight
the importance of assessing health endpoints that include pathogen
susceptibility in assessing the environmental health and safety of nanomaterials.

2725 Effects of Occupational Nanomaterial Exposure
on the Blood Brain Barrier

S. A. Saunders4,1,, D. Carter4, P. P. Muldoon4, M. J. Campen3, A.
Erdely2, and A. K. Ottens4. 1John Tyler Community College,
Chester, VA; 2NIOSH, Morgantown, WV; 3University of New Mexico,
Albuquerque, NM; and 4Virginia Commonwealth University,
Richmond, VA.
With increasing use of carbon nanotubes (CNT) in automobile, aerospace, sport equipment, construction, and plastics industries concern is
growing over negative outcomes for worker’s health and safety. Recent
evidence has shown that exposure to CNT can cause inflammation and
fibrosis in the lungs and induce vascular dysfunction, with potential for
extravascular injury, implicating the need for research-guided regulation. We hypothesized that CNT exposure may also indirectly perturb
the blood-brain barrier (BBB) resulting in bioactive and potentially neurotoxic molecules crossing into the brain. It has yet to be determined
how active biomolecules released after a CNT pulmonary insult affects
the integrity of the BBB and brain parenchyma beyond. Here we tested
for BBB disruption by assessing extravascular accumulation of the large
serum protein albumin using a model of multi-walled CNT (MWCNT)
exposure. Male C57BL/6 mice were exposed by oropharyngeal aspiration to vehicle (0.6 mg/ml mouse albumin and 0.01 mg/ml 1,2-dipalmitoyl-sn-glycero-3-phosphocholine) or MWCNT (10 or 40 µg of MWCNT-7,
49 nm mean diameter and 3.86 µm mean length). Brains were collected
4 h post-exposure. Sagittal sections 0.7 mm from midline were assessed
using immunofluorescence microscopy. Results showed the accumulation of serum albumin staining extending beyond the tight junction
protein-1 stained vascular wall in both 10 and 40 µg treated animals
relative to no extravascular albumin in control brains collected from
vehicle-exposed mice. Vessels principally impacted were notch1 positive, suggesting enhanced arteriole susceptibility. Extravascular albumin
colocalized to GFAP stained astroglia, suggestion reactive engulfment;
but morphological differences existed between the 10 and 40 µg doses.
In all, these results demonstrate BBB breakdown, extravascular leakage
of macromolecules and an astroglial response suggesting neurotoxicity
and altered energetics and localized function.

2726 Validated In Vitro Toxicity Testing of Graphene
Nanoplatelets: A Methodological Challenge

Ziemann2,

C.
L. Farcal1, H. Oliveira3, S. Burla1, S. M. ReamonBuettner2, and O. Creutzenberg2. 1BIOTOX SRL, Cluj-Napoca,
Romania; 2Fraunhofer ITEM, Hannover, Germany; and 3University
of Aveiro, Aveiro, Portugal. Sponsor: C. Dasenbrock.
Graphene-family nanomaterials (GFNs) belong to the group of carbon-based synthetic nanomaterials, which are already on the market
in multiple variants. Graphene nanoplatelets (GNPs) thereby represent
special nanostructures with nanothickness and interesting multifunctional properties. e.g. improvement of mechanical strength and conductivity of composite materials. Currently, existing data do not point
to excessive toxicity of GNPs, but meaningful data are scarce and need
expansion for proper risk assessment. In the PLATOX project, funded
by the European FP7 SIINN ERA-NET program on Nanosafety, typical,
commercially available GNPs (ACS Material) were selected, comprising
single layer graphene and graphene oxide, multilayer and carboxyl
graphene, and graphite oxide nanoplatelets. The GNPs were first analyzed regarding sterility/endotoxin content, morphology (SEM pictures)
and specific surface (BET method). Primary rat alveolar macrophages
(AM) and human MRC-5 lung fibroblasts were used as in vitro screening
models to detect cell-type specific toxicity. Membrane damage (LDH
release) and metabolic activity (AlamarBlue test) served as first
screening endpoints. For cell exposure, GNPs were ultrasonicated in
culture medium and dosed on a µg/cm2 basis. But, OD600 measurements subsequently showed that the GNPs exhibited unequal sedimentation kinetics, thus limiting comparison of toxic effects on a mass basis.
Furthermore, the assays had to be strongly adapted to GNPs, due to e.g.
LDH binding to GNPs and disturbance of photometric measurements. In
AM, the single layer GNPs GN1P0005 and GN1PF010 markedly enhanced
LDH release after 24h of incubation (BMD30 values: 3.22 and 2.47 µg/
cm2). Enhancement in LDH release was also observed for single layer
graphite oxide (GNOS0010; BMD30: 39.25 µg/cm2) and experimental
pristine GNPs (BMD30: 45 µg/cm2). All other materials were nearly inactive. In contrast, no such effect was evident in MRC-5 cells. Significant
effects on metabolic function were absent. But in AM, single layer GNPs
furthermore induced direct DNA damage and PGE2 release. In conclusion, in vitro, single layer GNPs seem to possess (geno)toxic potential in
AM, but not in lung fibroblasts. Notably, in vitro assays for hazard estimation of GNPs have to be carefully validated to ensure meaningful data.
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2723 Functionalization of Multi-Walled Carbon

2727 A 90-Day Subchronic Inhalation Toxicity Study
of Graphene Oxide Powder in F344 Rats

K. An, S. Lee, J. Sung, H. Kim, J. Lee, and K. Song. KCL, Incheon,
Korea, Republic of.
Graphene is one of the most popular next-generation nanomaterials
which have many extraordinary properties in mechanical, chemical,
electronical, and optical aspects. They have been increasing attention
for widespread commercial and industrial applications but in spite of
their usefulness, questions have been raised about their potential toxicity on EHS (environment, health and safety). To meet these needs, this
study was perfumed to evaluate the inhalation toxicity of graphene in
F344 rats in compliance with OECD guideline 413 and GLP application.
Concentration of test groups were set as three including 0.34, 1.01, 3.02
mg/m3 and control group was added to compare with exposing groups.
Animals were exposed to test substance by nose-only inhalation for 6
hours a day, 5 days a week and total 90 days. During exposure, environment in chambers, concentration of test substance, mortalities, clinical
signs, body weight, food intake, ophthalmological examination and urinalysis were observed. At termination of exposure, animals were subjected to full necropsy and organ weight was measured. Blood analysis
was made using blood samples collected just prior to killing the animals.
Histopathological lesions were also examined finally. In addition, bronchoalveolar lavage (BAL) examination was conducted. Concentration
of test substance in low, middle and high exposure chambers were
0.34±0.002, 1.01±0.099 and 3.02±0.176 mg/m3 respectively. There were
no mortalities and abnormalities in clinical signs and ophthalmological examination. Any statistically significant differences related with
test substance were not detected in aforementioned inspection items.
Although significant differences were observed in some tests such as
urinalysis (ketone body and pH), hematology (MPV, RBC and HCT) and
biochemistry (ALP, Cl, IP and TG), they didn’t have dose-dependent relationship and belonged to normal ranges. In histopathological examination, macrophages eaten particles were observed in lung of middle
and high groups. However it was spontaneous reaction as pulmonary
clearance and abnormalities related with pulmonary functions were not
found. Therefore, it was considered an adaptive change, not toxicological effects. In conclusion, the NOAEL for a subchronic inhalation toxicity
study of graphene oxide powder is considered to be 3.02 mg/m3 and no
target organs were found under present conditions.
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2729 Herbo-Metallic Mixtures in Traditional Medicines
J. C. States. University of Louisville, Louisville, KY.
Metals are ubiquitous in our lives; people are exposed to metals through
the food we eat, the water we drink, the polluted air we breathe, and
the medicines we take. Some metals are essential to human health such
as zinc (Zn), copper (Cu), and iron (Fe), while other metals are of serious
toxicological concern such as lead (Pb), cadmium (Cd), mercury (Hg),
and the metalloid arsenic (As). Medicinal metals include platinum (Pt)derived anticancer drugs, lithium carbonate as antimanics, aluminum
hydroxide as antacids, and herbo-metallic mixtures with a long history
of use in traditional medicines. In traditional medicines, metals often
undergo specific processing procedures (e.g., heating, grinding). The
addition of “processed” metals to herbal mixtures is thought to assist the
efficacy, or reduce toxicity, in a given remedy. The goal of this session
is to bring to light the history of use, toxicological consequences, and
risk assessment considerations for metals in complex botanical mixtures
common to traditional medicines around the world. The roundtable will
start with historical aspects of arsenic-containing mixtures as cancer
chemotherapeutics, which are still used today. Next, the session will
discuss progress in assessing complex botanical mixtures for toxicity,
and incorporating comparisons of biological responses in addition to
chemistry in evaluating mixture efficacy and toxicity. Finally, the current
status of herbo-metal mixtures used in Ayurverdic medicines, Tibetan
medicines, and Chinese medicines will be discussed. Throughout this
discussion, the session will explain how metals in traditional medicines
differ from nominally related metals in the environment based on their
interactions with the botanical matrix, effects of processing, and differences in disposition. The rationale for including metals in traditional
remedies, and their interactions with drugs, remains a topic of great
interest. The beneficial effects of herbo-metallic mixtures often go handin-hand with toxicity, and appropriate evaluation of herbo-metallic
mixtures is needed. Presentations will highlight the latest science on
traditional medicines and complex botanical mixtures and discuss areas
that require further investigation. Expected outcomes: 1) herbo-metallic
mixtures, rather than individual pure compounds, should be a research
strategy for traditional medicines; 2) metals used in traditional medicines are different from environmental pollutants, for example, HgCl2
and MeHg, and are never included in traditional remedies; thus, chemical form of metals matters; 3) the disposition, pharmacology, toxicology
of herbo-metallic mixtures should be considered to balance the benefits
and risks.

2728 Designing a Carcinogenic Mode-of-Action
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Research Program Useful for Regulatory
Decision Making: Challenges and Lessons
Learned

A. Lynch. ToxPlus Consulting, Haymarket, VA.
In 2001, the World Health Organization’s International Programme on
Chemical Safety (IPCS) published the Conceptual Framework for evaluating an (animal) Mode of Action (MOA) for Chemical Carcinogenesis.
The framework provided an approach to principles commonly used for
evaluating mode of action, and outlined elements to be considered
when deciding whether available experimental data support a particular mode of action. In 2006, the document was updated to include a
Framework for Analyzing the Relevance of a Cancer MOA for Humans.
In addition, the US EPA published a framework for determining a mutagenic mode of action for carcinogenicity using the 2005 Guidelines for
Carcinogen Risk Assessment and supplemental guidance for assessing
susceptibility from early-life exposures to carcinogens. The International
Agency for the Research on Cancer (IARC) identified and published
determination of human relevancy criteria for a-2 urinary globulin (a2u)
MOA for male-specific rat kidney tumors. The US EPA and NTP ostensibly
follow IARC’s lead when evaluating chemicals for this particular MOA.
However, criteria and guidance for collecting and interpreting MOA data
from authorities for other genotoxic and epigenetic MOA are limited.
Currently no validated guideline studies or guidance from regulatory
authorities are available for MOA research design. The lack of such information creates scientific challenges in initiating MOA research programs
that lead to data useful to make regulatory decisions, and can lead to the
inefficient use of research funds and animals. This session explores the
challenges of generating MOA data deemed acceptable by regulatory
authorities to determine whether experimentally induced genotoxic
or epigenetic carcinogenesis is relevant to humans. The speakers and
invited panelists will participate in a discussion on utilization of MOA in
regulatory assessment. Questions for the panel will include those generated from the audience, as well as the following: What additional guidance from regulatory agencies can be provided to help define the extent
of MOA research necessary to address human relevancy? How much
MOA data is enough? Is there a point at which enough data exist to
make a regulatory decision about human cancer risk? And, how should
epidemiology data, and what types of epidemiology data, be considered in the MOA framework?

2730 Communicating Toxicology to the Public
P. Wexler. National Library of Medicine, Bethesda, MD.
The general public is expressing an increasing need and desire to learn
about scientific issues affecting their daily lives. At the same time, scientists are recognizing the importance of making their work engaging
and understandable to general audiences. Many educational efforts are
aimed at training toxicologists and the K-12 community about toxicological principles. The non-homogenous general public, though, tends
to be an overlooked audience. Much of what they learn these days
about toxicology is “catch as catch can” via not always reliable, and
sometimes misleading, sources. Print and broadcast media, the Internet,
and social networking offer mixed results tools for finding credible news
and information about chemical hazards and safety. Efforts to enhance
the public’s understanding of science, toxicology included, may be considered among the last frontiers of science communication, which goes
hand in hand with science education. Innovative approaches are beginning to appear to allow toxicologists to communicate more effectively
about the nature and impact of their work to non-specialists with differing levels of existing technical knowledge, public officials, the media,
potential funders, and colleagues in other disciplines. This informational
session will explore a variety of recent approaches taken to inform the
public about toxicology and chemical risk. The Toxicology Education
Foundation (TEF) is an organization which recognized, early on, the
importance of addressing public needs and concerns. To that end, a
TEF presentation will address their new project of developing a series
of YouTube videos to reach audiences with concise and practical information related to chemical safety and risk. A second talk will describe
efforts by the chemical industry vis a vis the American Chemistry
Council, to relate safety, hazard, and risk to the public. The Agency for
Toxic Substances and Disease Registry has recently released a unique
eBook, The Story of Health, which is the topic of another presentation,
which takes a multi-factorial approach, including environmental and
toxicological determinants, to explaining disease causation. Following
this, a presentation will focus on Toxipedia, a Wiki-based online site,
offering an encyclopedic approach to toxicological topics, including
science, risk, hazards, and regulations, for general audiences. The final
talk will describe a series of programs held in conjunction with previous
SOT Annual Meetings to bring toxicology to the public in less conventional, non-academic settings, including public affairs institutes, public
libraries, science cafes, department stores, and pubs. This session will

2731 Data Science to Generate Toxicity Signatures
R. Iyengar. Icahn School of Medicine at Mount Sinai,, New York,
NY.
Adverse events associated with the use of therapeutically efficacious
drugs remain a serious problem. Rare adverse events are generally identified in animal and clinical studies, both of which are expensive. It would
be useful and cost-effective if there were cell-based signatures that
could predict toxicity in animal models and humans. LINCS (Library of
Integrated Network Cellular Signatures), a NIH Common fund program,
has funded DToxS (Drug Toxicity Signature Generation Center) center
(www.dtoxs.org) to develop cellular signatures for drug toxicity. The
center has been operational since September 2014. The DToxS center
is currently focused on experimentally-gathering transcriptomic and
proteomic signatures of cancer drugs that can cause cardiac adverse
events. Future studies include generation of signatures for hepatotoxicity and peripheral neuropathy. For cancer drugs, the DtoxS center uses
primary cardiomyocytes differentiated from induced pluripotent stem
cells from healthy human subjects. Data are gathered using mRNASeq
and discovery-based proteomics. Both the raw and the processed data
are posted on the website as they are generated and are freely available. All released data pass extensive quality control measures, and are
accompanied by metadata as well as SOPs. Users can download both
high-throughput molecular data and the results of initial computational
analyses, such as ranked lists of differentially expressed genes/proteins,
relevant cellular subnetworks, and enriched cellular processes. The
molecular signatures are linked to clinical data on adverse event propensity using data from FAERS and academic medical center EMRs. The
raw and processed data and the signature lists are freely available for
further analyses. The session will describe currently available datasets
for cardiotoxicity associated with cancer drugs as a prototype, and how
these can be accessed and downloaded. The session also will take the
audience though the types of computational analyses that can be performed on these data sets with publicly available computational tools to
identify differences between drugs and between drug responses in individuals. As these freely available datasets analyses can be downloaded
and used for further analyses, this session will conclude with a discussion of how the resource can be best exploited for the development of
mechanistic research projects..

2732 NIEHS Superfund Research Program: A History
of Cutting-Edge Science and Innovative
Technologies

D. Carlin. NIEHS, Research Triangle Park, NC.
The National Institute of Environmental Health Sciences (NIEHS)
Superfund Hazardous Substance Basic Research and Training Program
(SRP) is a critical player in the national effort to protect human health
and the environment from hazardous substances. The Program funds a
wide range of university-based and small business research to address
public health concerns related to hazardous substances in the environment. SRP takes a problem solving, solution-oriented approach that
combines laboratory, field, and population-based studies to improve our
understanding of and minimize the health effects associated with exposures to contaminants. Created by the same legislative framework that
created the US EPA’s Superfund hazardous waste remediation program
and the Center for Disease Control and Prevention’s Agency for Toxic
Substances and Disease Registry (ATSDR), the SRP’s role is to support science-based decision making by elucidating the basic principles underlying hazardous substance toxicity and risk. SRP-funded researchers
are focusing on the health effects of individual contaminants, as well
as complex chemical mixtures, determining relevant chemical exposures, identifying developmental windows of susceptibility, analyzing
patterns in toxicologic data to assess risks to human health presented
by hazardous substances, and development of tools to facilitate assessment of exposure and mitigation of toxicity. The Program’s central goal
is to understand and break the link between chemical exposure and
disease. This session will highlight the scientific findings from the SRP’s

extramural community over the past 30 years, as well as ongoing stateof-the-art science, which includes a focus on various chemical classes
(e.g. metals, PCBs, PAHs), mixtures, and emerging contaminants. We also
will discuss future scientific areas of interest to the Program and how
the Program will continue to support the understanding of hazardous
substance toxicity and risk to exposure to hazardous substances and
relevant mixtures.

2733 The Potential of Protein Reactivity to Predict

Skin-Sensitizing Potency of Peptide Depletion,
Reaction Time, and Tested Concentrations

B. Wareing2, S. N. Kolle2, D. Urbisch2, A. Mehling1, B. van
Ravenzwaay2, and R. Landsiedel2. 1BASF Personal Care
and Nutrition GmbH, Düsseldorf, Germany; and 2BASF SE,
Ludwigshafen am Rhein, Germany.
Several non-animal test methods addressing key events in the sensitization process have passed formal validation and OECD (draft) test guidelines are available. One of these methods is the direct peptide reactivity
assay (DPRA) assessing the ability of a chemical to bind to proteins to
form a complete antigen (OECD TG 442C). The test is used to obtain a
yes/no answer on whether the substance has a protein-binding potential. For a complete risk assessment, however, an estimation of a chemical’s potency is also needed. In this study we examined if an assessment
of potency could be achieved by 1) determining reactivity class cut offs
based on published data on 199 substances for the DPRA performed
according to OECD 442C to predict UN GHS sensitizer classes, 2) a variant
of the DPRA assessing reaction kinetics (time and concentration) for 12
substances or 3) an extended protocol testing several test substance
concentrations for 50 reference substances and estimating the concentration of a test substance that is needed to cause a peptide depletion
of 6.38% (EC6.38%). Results of the first approach indicated that cut offs
to differentiate the UN GHS sensitizer classes 1A and 1B could indeed
be defined. Secondly, evaluating the reaction time based assay in which
several time points between 5 min and 24 hours were assessed, it was
found that not all reactions followed ideal kinetics. Hence further investigations are needed to eventually derive a reaction time based prediction model. The results of the 3rd approach (the standard protocol of
the DPRA was amended by testing three concentrations i.e. 1, 10, and
100 mM) indicated that potency classes could be assigned using the
EC6.38% value to assess potency. In summary, using quantitative information derived from the DPRA in particular using EC6.38% value may
support the assessment of the skin sensitizing potency.

2734 Implementing an Alternative Testing Strategy
for Assessing Skin Irritation

A. Sheppard, T. Rahim, E. Baker, S. O’Neal, D. Bermudez, K. Boyd, J.
Blattner, and E. Whittle. S.C. Johnson, Racine, WI.
One feature of the Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) is that testing is not required; however,
classification of mixtures based on pH and/or the individual ingredients
and their respective levels in the mixture can result in over-classification
in some instances. SC Johnson (SCJ) utilizes in vitro methods to classify mixtures, but there is not a single validated in vitro assay to predict
potential skin irritation across all categories. SCJ investigated a number
of commercially available in vitro skin irritation assays including the
EpiDerm Time-to-Toxicity (ETT) as well as the validated EpiDerm Skin
Irritation Test (SIT). The ETT assay utilizes the same cell-based system
as the EpiDerm SIT; however, the ETT uses multiple exposure times to
determine the ET50 (50% cell viability) value, whereas the SIT evaluates
viability after a single exposure time. Samples with diverse chemistries
and historical in vivo data were selected to be run in the ETT assay. The
ET50s were analyzed to determine if thresholds could be established
to permit classification of skin irritation across all GHS categories. The
results of this work indicate a clear distinction exists between the ET50
values of corrosive mixtures compared with other categories; however,
the data do not permit a distinction between ET50 values for irritant and
non-irritant classifications. Mixtures predicted to be corrosive based on
an extreme pH value underwent titratable acid/alkaline reserve (TAR)
analysis and were tested in the EpiDerm Skin Corrosivity and Corrositex®
assays. This work identified that Corrositex® is the most predictive in
determining a UN packing group for mixtures with a compatible chemistry and expected corrosive classification based on weight of evidence.
SCJ was able to develop a weight of evidence approach to address skin
irritation classification in commercial mixtures as well as identify the
shortcomings of some of the available in vitro skin irritation models.
Additional research and validation is needed to further refine the prediction accuracy of the available assays for skin irritation classification.
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enable attendees to gain a better grasp of how toxicological research
and, more generally, information concerning potential chemical
hazards, is perceived by various public audiences. The target audience
for the session itself encompasses toxicologists of various persuasions
seeking approaches that can be used to make their research clear and
engaging to people with limited science and technical backgrounds.
It cuts across and should be of value to a broad array of toxicological
sub-disciplines. Finally, it will encourage more toxicologists to communicate their own work and related information on toxics in a scientifically
accurate and understandable fashion, and describe existing efforts and
tools which can serve as models for presenting similar information to
the public.

2735 Development of Risk Assessment Models for

Skin Sensitization Based on an Artificial Neural
Network Analysis of Human Cell Line Activation
Test (h-CLAT), Direct Peptide Reactivity Assay
(DPRA), KeratinoSens, and In Silico Parameter

M. Hirota, T. Ashikaga, and H. Kouzuki. Shiseido Global Innovation
Center, Yokohama, Japan.
Objects: In the safety assessment of cosmetic ingredient, the importance
of both in vitro and in silico tests has been increased since 2013. In the
field of skin sensitization, three in vitro methods, the direct peptide reactivity assay (DPRA), KeratinoSens and the human Cell Line Activation
Test (h-CLAT), were adopted as OECD guideline. And recently, several
prediction model(s) for skin sensitization based on the integrated testing
strategy (ITS) concept were reported and we also reported a prediction
model using artificial neural network (ANN). In this study, we tried to
improve the prediction performance of the ANN model by adding in
silico descriptors. Methods: Regarding our dataset consisting of 134
chemicals of the local lymph node assay (LLNA), h-CLAT, cell toxicity,
DPRA and KeratinoSens, we checked the relationship between LLNA
EC3 and the indicators derived from these in vitro tests. First ANN analysis was performed using in vitro measurements and LLNA EC3 values.
Next, outputs of in silico software (TIMES-M and Toxtree) were examined as the descriptors of ANN analysis. The constructed ANN models
were evaluated using 10-fold cross validation, and also outer validation was conducted using 30 chemicals which were not included in the
dataset of ANN models. Results and Discussion: We confirmed that each
descriptor derived from h-CLAT, DPRA and KeratinoSens was correlated
with LLNA EC3. The ANN model built with these in vitro tests showed
a good correlation with LLNA EC3 (r=0.87, RMS error=0.55). However,
several predicted EC3 values of some chemicals were over-estimated in
the outer validation. Therefore, we tried to incorporate the additional
descriptors. When h-CLAT related descriptor was revised and the result
of TIMES-M or Toxtree was incorporated in ANN analysis, the prediction
performance was improved (r=0.89-0.91, RMS error=0.47-0.51). These
results suggested that incorporation of in silico parameter was useful for
improving prediction performance of ANN model. And the constructed
ANN model could contribute to evaluation of skin sensitization potential
of cosmetic ingredients.
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Skin Irritation Classifications for 2-Ethylhexyl
Acrylate

C. F. Jacobson, D. H. Brandwein, and L. M. Milchak. 3M Company,
St. Paul, MN.
The use of validated in vitro methods for human health hazard classification is now encouraged or required by some regulatory agencies.
One in vitro model that has undergone successful validation is the use
of Reconstructed Human Epidermis (RHE) for skin irritation classification using OECD Guideline 439. As the use of OECD 439 becomes more
common for classification purposes, it is important to consider that
there may be situations of disagreement between in vitro and in vivo
test results. The skin irritation potential of 2-ethylhexyl acrylate (2-EHA;
CASRN 103-11-7) was evaluated in vitro using EpiDerm per OECD 439
in the 3M Strategic Toxicology Laboratory. After a 60-minute exposure
period and a 42-hour post-exposure incubation period, the relative
viability of 2-EHA was 95-96%, indicating that 2-EHA should not be
classified as irritating to skin per the Globally Harmonized System of
Classification and Labelling of Chemicals (GHS). In addition, 2-EHA was
evaluated in an ET-50 “time to toxicity” study. ET-50 values (exposure
time resulting in a viability 50% that of controls) for 2-EHA were 24-26
hours, which relate to an expected in vivo irritancy of “very mild” to
“non-irritating.” However, these data conflict with publically available
rabbit irritation data and a recently conducted OECD 404 study, which
indicate that 2-EHA is a skin irritant. In the OECD 404 study, mean erythema scores (24-48-72 hours) for the three animals were 2, 2, and 2.3;
mean edema scores (24-48-72 hours) for the three animals were 3.7, 3.3,
and 3. Scaliness and bald skin were noted for all animals, and erythema
and edema were still seen in one animal at 14 days. These data indicate
that CASRN 103-11-7 should be classified as irritating to the skin (GHS
Category 2). Therefore, the in vitro and in vivo data do not agree, creating
a classification conflict. The next steps will be to investigate the possible
reasons for the differences and attempt to determine which model is
more predictive of the potential for human skin irritation from 2-EHA.
This example illustrates an issue that may become more common as
alternative method use becomes more frequent: discordance between
in vitro and in vivo results. It also emphasizes the need for continued
examination and refinement of test methods to ensure that the models
are adequately predictive for use in human safety assessments.

2737 Skin Sensitization Testing Strategy and In-House
Fit-for-Purpose Validations at Charles River
Laboratories

C. S. Roper2, J. L. Vinall2, J. B. Welch2, J. Paulussen1, J. C. Rijk1, and
W. M. Westerink1. 1Charles River Laboratories, ‘s Hertogenbosch,
Netherlands; and 2Charles River Laboratories, Tranent, United
Kingdom. Sponsor: S. Bulera.
Implementation of animal-free alternatives for skin sensitization testing
is driven by the 3Rs and animal welfare considerations. The skin sensitization Adverse Outcome Pathway (AOP) is now specifically requested
for REACH and EU Cosmetic Directive submissions. A number of replacement test methods are already, or are in the process of being, accepted
by OECD via EURL EVCAM. These tests are performed in a tiered testing
strategy utilizing in silico (i.e. Derek), in chemico (DPRA, OECD 442C) and
in vitro assays including ARE-Nrf2 Luciferase Test (OECD 442D), h-CLAT
(OECD 442E) and U-SENS (draft OECD guideline). This is anticipated to
almost completely replace in vivo tests such as LLNA (OECD 442A). The
tests address different key events in the AOP; peptide binding, antioxidant response element (ARE) mediated gene expression and dendritic
cell activation. Due to the complexity of the AOP, no single in vitro test
is capable of fully classifying substances in UN GHS categories, to reflect
real world, human outcomes for sensitization. Charles River Laboratories
has demonstrated technical proficiency in DPRA, ARE-Nrf2 Luciferase
tests, U-SENS and h-CLAT. Fit-for-purpose validations correctly assigning
the skin sensitization potential of the chemical proficiency panels have
been conducted. The DPRA test correctly assigned 12 sensitisers and
4 non-sensitisers. The ARE-Nrf2 Luciferase (LuSens and KeratinoSens)
tests correctly assigned 6 sensitisers and 4 non-sensitisers. The h-CLAT
assay correctly assigned 6 weak to extreme sensitisers and 4 non-sensitisers. U-SENS was tested on a larger panel of 38 chemicals resulting in
98% sensitivity, 90% specificity and 94% accuracy. In conclusion, a strategic battery of 3 tests, along with an appropriate prediction model (e.g.
Derek), added to a weight of evidence approach, such as the 2 out of 3
model proposed by Bauch et al. 2012) allows for sensitive and appropriate predictions to be made.

2738 Development of Non-Animal Assessment

Strategy for Skin Sensitization Using a Variety of
Raw Materials

K. Saito, Y. Otsubo, H. Mizumachi, T. Nishijo, M. Miyazawa, and H.
Sakaguchi. Kao Corporation, Tochigi, Japan. Sponsor: J. Avalos.
We have developed non-animal testing strategies for assessing the
skin sensitization potential of raw materials based on three in vitro tests
(DPRA, KeratinoSens and h-CLAT). For 203 chemicals tested, we found
that the sensitizing potential of chemicals can be predicted with high
sensitivity (96%) when positive in at least 1 out of 3 tests. However, the
above testing strategy has the following three problems: 1) the conservative prediction model leads to low specificity (31%), indicating
high false positive results; 2) highly lipophilic chemicals can’t be correctly evaluated in all 3 tests due to low water solubility (e.g. Log Kow
> 3.5); and 3) when a raw material is a strong cytotoxin, the low levels
of impurities within the raw material that may be sensitizers may not
be detected. In this poster, we address these problems with the following: 1) The development of a “Bayesian Network Integrated Testing
Strategy-3 (BN ITS-3)” integrating the results of the first three in vitro
tests, physico-chemical properties, and TIMES-SS prediction (Jaworska
et al., 2016), which provided not only high sensitivity (89%) but also high
specificity (87%); 2) the development of a novel reconstructed human
epidermis (RhE)-based assay to detect the sensitizing potential of lipophilic chemicals (Saito et al., 2015 SOT); RhE-based assay correctly predicted the lipophilic sensitizers like N,N-dibutylaniline (Log Kow = 5.19)
and clotrimazole (Log Kow = 4.92), which cannot be detected by any of
the three in vitro tests; and 3) application of the “Dermal Sensitization
Threshold (DST)” that is the exposure level at which most chemicals
excluding highly potent sensitizers don’t induce sensitization based on
quantitative risk assessment (Safford, et al., 2015; Roberts, et al., 2015). If
there is a possibility that impurities might contain a highly potent sensitizer, the raw material should be used at the much lower level below
the DST (e.g. 0.005 μg/cm2/day) assuming the sensitizing potency of
existing most potent sensitizer, 4-hydroxychalcone. The DST concept
allowed us to assess the risk of impurities by limiting its exposure level
(e.g. less than DST of 0.64 μg/cm2/day; corresponding to 0.023% in facial
cream will be acceptable). Consequently, the assessment strategy incorporating various methods such as the in vitro tests and the DST allowed
us to accurately assess the skin sensitization risk of a variety of raw materials along with their intrinsic impurities.

2739 EpiSkin Micronucleus Assay: A 3D Approach
in the Assessment of the Genotoxicity of
Ingredients

N. Li2, L. Chen2, Y. Liu2, L. Zhong2, B. Fawuet1, G. Ouedraogo1, and
Z. Cai2. 1L’Oréal Research & Innovation Center, Aulnay-Sous-Bois,
France; and 2L’Oréal Research & Innovation Center, Shanghai,
China. Sponsor: D. Bury.
The European regulation on Cosmetics (n° 1223/2009) prohibits the use
of animals in genotoxicity testing since March 2009 for ingredients used
in cosmetics. Irreversible events at the chromosome level (clastogenesis
and aneugenesis) are commonly evaluated by either scoring micronuclei or chromosome aberrations using cell-based assays, when assessing
genotoxicity. Like most in vitro genotoxicity assays, the 2D in vitro micronucleus assay suffers from a poor specificity (tendency to yield a high
number of false positive results). To address these limitations, a project
based on the use of 3D models in genotoxicity assays was initiated by
the genotoxicity taskforce of Cosmetics Europe in 2007. The micronucleus assay, based on a reconstructed skin model is part of this project.
The current project aims at developing and validating a 3D micronucleus assay using the China EpiSkin model. This model is a reconstructed
organotypic culture of human adult keratinocytes that present a
well-multilayered and differentiated epidermis. To meet two key criteria
for the micronucleus assay, the China EpiSkin model was firstly assessed
for its ability to yield enough cells and an acceptable proliferation rate of
the basal layer (bi-nucleation rate). All batches used in this study showed
consistent cell numbers and good proliferation, ensuring a sufficient
number of cells to being collected for the micronuclei analysis. The
study shows results on 6 chemicals (Vinblastine, N-Ethyl-N-nitrosourea,
β-Butyrolactone, 2-AAF, Cyclohexanone and curcumin) selected from the
list for the ongoing validation of the 3D micronucleus assay by Cosmetic
Europe. 2 runs were performed for each chemical to evaluate both the
reproducibility and the predictivity of the model. For all 6 chemicals, the
China EpiSkin micronucleus assay showed good inter-runs reproducibility. The predictive capacity of this assay was assessed with these 6
chemicals 4 being genotoxic (Vinblastine, N-Ethyl-N-nitrosourea, β-Butyrolactone, 2-AAF) and 2 non-genotoxic (Cyclohexanone and curcumin). All
6 chemicals were correctly classified. These preliminary results appear
promising as in vitro assay for assessing genotoxicity. Its availability and
validity convey to this model a significant contribution in extending the
field of non-animal testing methods and their implementation in China.

2741 Assessment Strategy of Skin Sensitization for

Botanical Extracts Using In Vitro Test Methods
and Acceptable Exposure Level

T. Nishijo, K. Saito, Y. Otsubo, H. Mizumachi, M. Miyazawa, and H.
Sakaguchi. Kao Corporation, Tochigi, Japan. Sponsor: J. Avalos.
We have found that the battery of h-CLAT and KeratinoSens, both of
which are allowed for testing mixtures, achieved accuracy comparable
to that of the LLNA for a wide range of single chemical substances when
compared with human data. However, cosmetic ingredients are often
complex mixtures from natural sources such as botanical extracts which
might contain a minute amount of constituents with sensitizing potential. The detection power (the sensitivity of those in vitro methods for
the detection of a minute amount of sensitizing chemical in mixtures) of
the h-CLAT and KeratinoSens remains unclear. In this study, we assessed
the detection power of the battery of h-CLAT and KeratinoSens by comparing the LLNA EC3 value to the minimum detection concentrations
(MDCs) exceeding a positive criteria for each of the two in vitro methods.
We used 146 sensitizers with both sets of in vitro data and LLNA data. The
MDCs for the h-CLAT and KeratinoSens were calculated from exposure
concentration exceeding positive criteria of each in vitro method (the
Minimum Induction Thresholds and EC1.5, respectively). We also took
the dilution rate used to expose culture medium into consideration. For
136 of 146 analyzed sensitizers (93%), the in vitro methods showed that
the MDCs were similar to or lower than LLNA EC1.5, suggesting that the
in vitro methods might have the detection power similar to or greater
than LLNA for potential sensitizers found in botanical extracts. However,
10 sensitizers showed higher MDCs in h-CLAT and KeratinoSens than
LLNA EC3, and the difference was largest for oxazolone (OXA) at 18 times
higher than LLNA EC3. Based on the above approach, a theoretical worst
case scenario assessment can be made with botanical extracts might
contain a potent sensitizer like OXA at the MDC (542 ppm based on in
vitro methods). For this case, the human acceptable exposure level (AEL)
for such a botanical extract was calculated using the quantitative risk
assessment to be 13.8 μg/cm2. Finally, when a botanical extract is negative in both the h-CLAT and KeratinoSens, the AEL of botanical extract
that might contain potent sensitizers such as OXA was estimated as 13.8
μg/cm2. These results suggested that botanical extracts with indeterminate impurities would be allowed for use when negative results in both
the h-CLAT and KeratinoSens were obtained or when an acceptable
exposure level was determined.

2740 Using China EpiSkin for In Vitro Skin Corrosion
and Irritation Assessment by Applying the
Integrated Testing Strategy

N. Li2, Y. Liu2, L. Chen2, N. Alepee1, and Z. Cai2. 1L’Oréal Research
& Innovation Center, Aulnay-Sous-Bois, France; and 2L’Oréal
Research & Innovation Center, Shanghai, China. Sponsor: D. Bury.
The EpiSkin reconstructed human epidermis (RHE) model has been
established and standardized in China, namely China EpiSkin in this
study. Following the availability of this in vitro 3D model in the country,
the China EpiSkin skin irritation test method and the China EpiSkin skin
corrosion test method were both demonstrated the usefulness as standalone test for the in vitro assessment of skin irritation and skin corrosion accordingly. In 2015, the Organization for Economic Co-operation
and Development (OECD) adopted an Integrated Approach on Testing
and Assessment (IATA) for skin corrosion and skin irritation (OECD GD
203), which provides guidance on the integration of existing and new
information in a modular approach for classification and labelling. The
present study aimed to evaluate the use of the China EpiSkin model
within the proposed OECD IATA by applying the bottom-up and topdown testing strategy to a set of 80 substances. The selection was based
on the representation of the different in vivo sub-categories, including
non-classified (NC), Category 2, Category 1B/C and Category 1A chemicals. Substances without clear-cut classifications were not considered.
The 80 tested substances represented various chemical classes (acid/
base, alcohol; surfactants etc.), and physical states (liquid, solid and
viscous). The EpiSkin RHE skin irritation (NC, Cat. 2) and corrosion (NC vs
Cat. 1A vs Cat. 1B/1C) data on those 80 chemicals was used to determine
the accuracy of the correct classifications to either discriminate non-classified from classified. There were no over-predictions of non-classified
chemicals as Cat. 1A. Mis-predictions included over-predictions as Cat.
2 and over-predictions as Cat. 1B/1C. No under-predictions of Cat.1A
chemicals as non-classified chemicals were observed. Based on the contingency tables, the in vitro classifications were integrated into a bottom-up (TG439 followed by TG431) and top-down (TG431 followed by
TG439) testing strategy. The accuracy of the two testing strategies is in
line with the performance standards defined in OECD TG 431 (≥ 82.5%)
and TG439 (≥ 75%). Since both testing strategies showed similar accuracies, the sequence of the prospective testing should be guided by
the available information on a test chemical using a WoE approach as
recommended in the OECD IATA GD203.

2743 In Vitro Testing Strategy for Assessing the SkinSensitizing Potential of Cosmetic Ingredients
with “Particular Physicochemical Properties”

M. Bergal3, M. Puginier3, H. Groux2, C. Gerbeix1, and R. Forster1.
1CiToxLAB, Evreux, France; 2Immunosearch, Grasse, France; and
3SEPPIC, Puteaux, France.
Before placing new cosmetic ingredients on the market, manufacturers
have to perform an assessment of the skin sensitization potential, which
is a key element in the safety evaluation of cosmetics. Since the ban
for animal testing in Europe, it is accepted by the scientific community
that a battery of in vitro tests covering the key steps of the Adverse
Outcome Pathway (AOP) on skin sensitization (OECD No. 168) can be
used for safety assessment and regulatory purposes. To date, three in
vitro methods are validated (DPRA, KeratinoSens, h-CLAT) and many
others are under validation by OECD and ECVAM but no strategy was
set up officially. Some cosmetic industries have proposed in vitro strategies with a relatively good predictions rate but these were based on the
testing of simple and “easy to test” substances only. In this publication,
a focus is made on “difficult to test” compounds i.e. poorly water-soluble substances, surfactants and complex substances. The goal of this
work was thus to propose a robust, quick and straight-forward testing
strategy enabling the evaluation of the skin sensitization potential of
“challenging” ingredients. The database contained fifteen cosmetic
ingredients (benzalkinium chloride, sugar derivatives A, B and C, aminoacid derivatives A, B and C, a mixture of octyldodecanol and octyldodecylxyloside, sodium dodecyl sulfate, betaine derivative, oleamide,
metacrylic acid ester, benzyl salicylate, lauryl gallate and hexyl salicylate) selected for their particular physicochemical properties (Log Kow
> 4, poorly water-soluble, surfactant, complex substances) and that are
positive or negative sensitizers according to in vivo data. Four in vitro
models were used: the three validated methods and the Sens-Is® assay.
The Sens-Is® assay, which is in the work plan program of the OECD, was
included in this work as it allows overcoming solubility issues and dis-
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criminating irritants from sensitizers. A sequential approach combining
the Sens-Is® as first assay, with h-CLAT and KeratinoSens, was proposed
and allows good prediction of the possible skin sensitizing potential of
«challenging ingredients» with a sensitivity of 100%, a specificity of 88%
and an accuracy of 93% compared to animal data.

2744 In Vitro Skin Sensitization: Adapted Prediction

Model of the U937 Cell Line Activation-Validated
(U-SENS) Test Method

C. Piroird, L. Nardelli, J. Cotovio, and N. Alepee. L’Oreal, Aulnay
Sous Bois, France. Sponsor: D. Bury.
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The currently agreed immunotoxicological view of the chemical and
biological mechanisms associated with skin sensitization has been
summarized in the form of an OECD Adverse Outcome Pathway (AOP),
starting with the molecular initiating event through intermediate events
to the adverse effect, namely allergic contact dermatitis. In this instance,
the molecular initiating event (i.e. the first key event) is the covalent
binding of electrophilic substances to nucleophilic centers in skin proteins. The second key event in this AOP takes place in the keratinocytes
and includes inflammatory responses. The third key event is the activation of dendritic cells (DC), typically assessed by expression of specific
cell surface markers, chemokines and cytokines. The U-SENS method is
proposed to address the third key event of the AOP by quantifying the
change in the expression of a cell surface marker associated with the
process of activation of monocytes and DC (i.e. CD86), in the human
histiocytic lymphoma cell line U937, following exposure to sensitizers.
The measured expression level of CD86 cell surface marker in the cell
line U937 was then used for supporting the discrimination between skin
sensitizers and non-sensitizers. The present study presents the transferability and reliability of the U-SENS in 4 laboratories (38 tested chemicals) and the predictivity on 175 chemicals using the adapted prediction
model resulting of the EURL-ECVAM independently peer review and
acceptance. The results showed that the level of reproducibility in predictions is 91% and 84% within and between laboratories, respectively.
For the 38 chemicals, the predictivity capacity is 92% with a sensitivity of
99% and a specificity of 88%. Evaluation of the large set of 175 chemicals
indicates that, compared with human and LLNA results, the accuracy in
distinguishing skin sensitizers (i.e. UN GHS Cat.1) from non-sensitizers
is in order of 86% with a sensitivity of 90% and a specificity of 71%.
The U-SENS test method meets all regulatory instance criteria (method
recently validated by EURL ECVAM) allowing its integration in an OECD
Test Guideline (under the member states commented round) and into
the corresponding OECD IATA.

2745 Addressing the Assignment of US EPA Hazard

Categories for Dermal Safety by a Revised
Prediction Model of the Validated In Vitro Skin
Irritation Test (OECD TG 439)

D. Sheehan, V. Diersen, R. Pham, A. Pidathala, M. Lamm, H. Raabe,
R. Curren, and G.-E. Costin. IIVS, Gaithersburg, MD.
One of the current goals of the United States Environmental Protection
Agency Office of Pesticide Programs (US EPA OPP) is to replace by
non-animal testing methods as many of the endpoints of the battery
of acute toxicity tests known as the “six-pack” as possible. One of the
“six-pack” tests is the Draize rabbit test for dermal irritation. We investigated whether the validated in vitro Skin Irritation Test (SIT, OECD TG
439) can be used to determine US EPA OPP dermal hazard category
assignment. The SIT discriminates between skin irritants (GHS Category
2) and non-irritants (No Category) based on a single exposure time (60
minutes), using the EpiDerm model from MatTek Corporation (Ashland,
MA, USA) followed by a 42 hours post-exposure period. A single cut-off
value of 50% tissue viability separates GHS Category 2 from the GHS
No Category prediction. First we performed a retrospective analysis of
paired in vivo-in vitro data from 41 chemicals, which indicated that the
prediction model (for GHS hazard categories) used in TG 439 did not
adequately predict EPA hazard categories. We then modified the validated test method protocol and developed a revised prediction model
for EPA hazard categories. Preliminary testing of a sub-set of chemicals
from the group of 41 was conducted using a modified protocol based
on a 15 minute exposure followed by a 24- or 42 hours post-exposure
period in addition to the validated method. The results were analyzed
using a new prediction model: 15- and 60 minutes exposure, 24- and
42 hours post-exposure, and a revised cut-off value of the 20% viability
endpoint which improved the prediction of the EPA hazard categories.
We are currently investigating a larger and diverse set of chemicals with
already assigned EPA skin hazard categories to assess the validity of this
new protocol and prediction model for EPA hazard labeling.

2746 Determination of Contact Sensitization Potential
of Chemicals Using In Vitro Reconstructed
Normal Human Epidermal Model Epiderm:
Impact of the Modality of Application

S. Letasiova2, E. Corsini3, V. Galbiati3, H. Kandarova2, D.
Lehmeier1, and H. Gehrke1. 1Eurofins BioPharma Product Testing
Munich GmbH, Munich, Germany; 2Mattek In Vitro Life Science
Laboratories, Bratislava, Slovakia; and 3Università degli Studi di
Milano, Milan, Italy.
Assessment of skin sensitization potential has traditionally been conducted in animal models, such as the Mouse Local Lymph Node Assay
(LLNA) and the Guinea Pig Maximisation Test (GPMT). However, a
growing focus and consensus for minimizing animal use have stimulated the development of in vitro methods to assess skin sensitization.
Interleukin-18 (IL-18) release in reconstructed human epidermal models
has been identified as a potentially useful endpoint for the identification and classification of skin sensitizing chemicals, including chemicals of low water solubility or stability (1). The purpose of this study was
to investigate the impact of the modality of chemical exposure on the
predictive capacity of the assay. EpiDerm tissue viability assessed by
MTT assay and IL-18 release assessed by ELISA were evaluated after 24 h
topical exposure to test chemicals either impregnated in 8 mm diameter
paper filters or directly applied to the surface of EpiDerm. Acetone: olive
oil (4:1) was used as vehicle in all cases. A total of five chemicals from
3 different sources were tested. The testing set included 3 senzitizers,
namely 2,4-dinitrochlorobenzene, cinnamaldehyde and isoeugenol/
eugenol, and 2 non senzitizers, lactic acid and salicylic acid. Four independent dose - response experiments were conducted in 3 laboratories,
resulting in correct prediction of the sensitizing potency of test chemicals. The assessment of IL-18 release using in vitro reconstructed normal
human epidermal model EpiDerm appears to be a promising tool for
in vitro determination of contact sensitization potential. References 1.
Gibbs S, Corsini E, Spiekstra SW, Galbiati V, Fuchs HW, Degeorge G, Troese
M, Hayden P, Deng W, Roggen E. An epidermal equivalent assay for identification and ranking potency of contact sensitizers.Toxicol Appl Pharmacol.
2013 Oct. 15; 272(2):529-4.

2747 How to Investigate In Vitro Skin Enzymatic
Induction ?

S. Catoire, A. Thelu, P. Quantin, and H. Ficheux. THOR Personal
Care, Compiègne, France.
Enzymatic modulation plays a key role in metabolism regulation. In
order to test the influence of enzymatic inducers on skin, the effect of
well documented liver inducers on skin cytochromes and esterases
using in vitro approach has been measured. Questions to be answered:
- Are skin enzymes inducible and to what extent? - What are the optimal
conditions? - Are liver enzyme inducers also efficient on skin enzymes?
Experimental conditions: - Incubation: Model for study was an in-house
RhE model fitted on Franz cells. Two types of experiments were performed: -Conventional application on stratum corneum surface to mimic
skin application -Incubation with inducers placed in receptor chamber
to mimic a skin exposure resulting from a systemic absorption. - Choice
of inducers: 3-Methyl cholanthrene, β-Naphtoflavone, phenobarbital
and pantoprazole were selected. Concentration was 10µM except for
phenobarbital, 2 mM. The last two molecules are drugs known for their
inducing properties. - Enzymes studied: CYP 1A was selected as it is
involved in metabolic activation of numerous molecules, such as PAHs.
CYP 3A4 was selected as it is the most active in xenobiotic metabolism.
Esterases were also tested as skin is known to express relatively high
degree of esterase activity. - Assessment of activity: Both quantitative
PCR and metabolite analysis were used after 24-hour incubation. Test
molecule was caffeine, metabolite (paraxanthine) and parent molecule
were measured by LC/MS/MS. Results: The most efficient way to induce
both CYP 1A1 and 1A2 was to use the dermal route. Induction levels
were 160 and 120 fold vs control on CYP1A1 and CYP1A2. 3-Methyl
cholanthrene was more efficient than β-Naphtoflavone in the experimental conditions (P<0.05). Using inducers from receptor chamber did
not result in a statistical significant induction; pantoprazole tested in this
condition did not reach significant level of induction. Esterases, already
at a significant level of activity in the tested skin are not influenced by
CYP inducers. Conclusion CYPs response to inducers depends on molecule; leak inducers such as pantoprazole or phenobarbital are not able
to induce skin CYPs. CYPs 1A1 and 1A2 are easy to induce, however
3A4 was not induced in these conditions. Basal conditions of enzymatic
activity may influence the response to the inducers. Incubation time
may certainly play an important role. The existence of variations should
be borne in mind when comparing data generated from liver metabolism studies.

Sensitization Potency of the OECD Proficiency
Chemicals and of Commercially Available
Mixtures

M. Carathers, B. Varsho, P. Vij, and G. DeGeorge. MB Research
Labs, Spinnerstown, PA.
In order to explore the applicability domain for more pure chemicals
and mixtures (including commercial products), we performed a series
of studies using the Human Cell Line Activation Test (h-CLAT) protocol
under the latest OECD Test Guideline. THP-1 cell expression of CD86
and CD54 from a new, expanded set of validation chemicals and several
complex mixtures were measured. A variety of products from the
petroleum, agrochemical, food, beauty and chemical industries, were
obtained via retail outlets and evaluated. Known positive (via safety data
sheets) mixtures were assessed along with similar non-sensitizing mixtures. These included: non-PPD containing hair dye, propolis extract,
diesel fuel additive, a pesticide, and commercial acrylate-based sealants. In addition to mixtures, we evaluated the OECD proficiency test
chemicals, which includes DNCB, Phenylenediamine, Nickel Sulfate,
2-Mercaptobenzothiazole, R(+)Limonene, Imidazolidinyl Urea, and the
non-sensitizers Lactic Acid, Isopropanol, Glycerol, and 4-Aminobenzoic
Acid. All chemicals were able to be exposed at a low or non-irritating
concentration, yielding a CV75 or higher viability, as determined by flow
cytometry. Sensitizer potency was measured by the concentration of test
chemical that induced a Relative Fluorescence Intensity (RFI) that was a
threshold positive response (CD86 = 200%, CD54 = 150%) of control.
Two sets of draft OECD guidelines proficiency chemicals were tested
for a total of 15 pure chemicals (6 non-sensitizers and 9 sensitizers). The
h-CLAT correctly predicted 9 of 9 sensitizing and 5 of 6 non-sensitizing
chemicals, for an overall Accuracy of 93.7%.

2749 Alternative Methods for Skin Sensitization
Quantitative Risk Assessment

J. M.
and T. A. Lewandowski2. 1Gradient, Cambridge, MA;
and 2Gradient, Seattle, WA.
Cohen1,

Skin sensitization quantitative risk assessment (QRA) typically estimates
acceptable exposure levels based on data from the Local Lymph Node
Assay (LLNA). However, LLNA data are not available for many existing
chemicals that may require evaluation within restrictive budgetary and
time constraints (e.g. cases of product adulteration, emergency release
scenarios). Alternative methods such as read across may suffice when
LLNA data for similar chemicals are readily available. However, most
of the available sensitization data comes from guinea pig testing. To
evaluate the performance of alternative methods for determining sensitization thresholds, we established a test set of 116 chemicals with
both LLNA and guinea pig data, 64 of which also have human data.
Following the four category potency classification approach proposed
by the European Center for Ecotoxicology and Toxicology of Chemicals
(ECETOC), we grouped chemicals based on topical induction concentration and response frequency following challenge, and then assigned
an equivalent EC03 sensitization threshold for each potency category.
These thresholds exhibited a weakly positive but statistically significant
association with the LLNA derived EC03 values (R=0.36, p=0.00008).
Of the 38 chemicals identified as sensitizing in both humans and
guinea pigs, the ECETOC guinea pig data approach gave protective
thresholds for 26 chemicals (68%), and non-protective thresholds for
12 chemicals (32%). Focusing on the human test data, we then evaluated the protectiveness of the “dermal sensitization threshold” (DST)
approach, assigning values based on structural alert analysis (excluding
“high potency” sensitizers with DSA05 <64 μg/cm2). Of the 40 non-high
potency sensitizers, the DST approach gave protective threshold estimates for 37 chemicals (92.5%), and non-protective thresholds for 3
chemicals (7.5%), 2 of which were metals. We also used the expert-rule
based structural alert program Derek Nexus to estimate EC03 values for
the 43 sensitizers with human data. Derek reported EC03 values for 36
sensitizers (29 were based on experimental data), provided protective
thresholds for 23 chemicals (64%), and non-protective thresholds for 13
chemicals (36%). Our analysis suggests alternative approaches for QRA
may provide order of magnitude estimates for sensitization thresholds
in humans, and that a weight-of-evidence assessment accounting for
multiple approaches may be warranted.

2750 Assessment of Skin Sensitization Potential

via Novel In Chemico Amino Acid Derivative
Reactivity Assay

N. H. Patel1, P. K. Mishra1, R. M. Nagane1, V. J. Piccirillo2, and R.
A. Date1. 1Jai Research Foundation, Valvada, India; and 2VJP
Consulting, Inc., Ashburn, VA.
Allergic contact dermatitis (ACD) is one of the leading causes of occupational diseases affecting approximately 5% male and 11% female
population in industrialised nations. In vivo models like Guinea pig maximisation test, Buehler test, local lymph node assays (LLNA) are used for
assessment of skin sensitisation potential of chemicals. Addressing to
ethical principles in animal studies and employing 3Rs - Replacement,
Reduction, and Refinement - various in vitro alternative methods are
looked upon, to predict skin sensitisation potential of chemicals. Two
important phases in ACD are an induction phase and an elicitation
phase. Direct Peptide Reactivity Assay (DPRA) and Amino acid Derivative
Reactivity Assay (ADRA) addresses ‘induction phase’. For the study of
DPRA, synthetic heptapeptides containing Cysteine and Lysine were
dissolved in phosphate and acetate buffers of pH 7.5 and 10.2, respectively. For the study of ADRA, chemically synthesised naphthalene
coupled cysteine and lysine derivatives were dissolved in phosphate
buffers of pH 9.5 and 12.0, respectively. Test chemicals were mixed
and incubated under darkness for 24h at 25 °C. Following incubation,
depletion in heptapeptides or amino derivatives was quantified using
a high-performance liquid chromatography (HPLC) at 220 nm and 281
nm, respectively. The reactivity was calculated as the percent depletion.
The average reduction score was calculated to discriminate between
sensitisers and non-sensitisers. A total of 21 chemicals - 13 LLNA positive (Glutaraldehyde, Cinnamyl Alcohol, 2-4 Dinitrochlorobenzene,
Oxazolone, Benzylideneacetone, Phenylacetaldehyde, Cinnamaldehyde,
Farnesal, EGDMA, 2-Mercaptobenzothiazole, Imidazolidinyl Urea,
Formaldehyde, 2-3 Butanedione) and 8 LLNA negative (Vanillin,
1-Butanol, Lactic acid, 4-Methoxyacetophenone, Salicylic Acid, Glycerol,
Propylene Glycol, 6-Methylcoumarin) - were predicted accurately to the
tune of 86 % in DPRA and 90 % in ADRA. In present study, both DPRA
and ADRA showed high rate of accuracy for the prediction of skin sensitization compared with LLNA assay. Thus this in vitro model can be
considered as a valid alternative to study skin sensitisation.

2751 Comparative Study of Ocular Irritancy between

SIRC and HCE-T Using Short Time Exposure Test
(STE) and the Effect of Polyol on Corneal Cells

S. Park, S.-A. Cho, J. H. Lee, and S. An. Amorepacific, Yongin, Korea,
Republic of. Sponsor: S.-A. Cho.
Since March 2013, using animal for testing final cosmetics has banned by
EU. Therefore, many alternative test methods for testing toxicity of cosmetic ingredients and products have been developed and announced
as OECD guideline. Short time exposure test (STE), one of the alternative eye irritations tests, is cytotoxicity test using physiological saline or
mineral oil as the test solvent and has a typical exposure condition of
short time (5min). Because of these properties, it is known that this test
method has several advantages for providing more similar exposure situation than other methods, easy to perform and high through screening
(HTS). But SIRC(Rabbit corneal cell line) cells which are not human origin,
so we studied the applicability of the Short time exposure test (STE)
using HCE-T (Human corneal cell line) cells that are human origin. The
results using HCE-T cells showed high correlations with the results using
SIRC cells. Eye irritation categories of reference chemicals were same in
both of two methods. Also, we studied the effect of polyol on corneal cell
using STE. In HET-CAM test(Hen’s Egg Test - Chorioallantoic Membrane),
polyol showed false-positive result compared to rabbit draize test. For
this reason, the cosmetic product that have polyol showed the higher
ocular irritancy. So we compared irritation score of products which
contain polyol and products without polyol using STE. The results show
that eye irritation between two groups is same irritancy. It means effect
of polyol about eye irritation is very slight using STE test and moreover, this method could reduce the false positive irritancy of polyol in
HET-CAM assay. These results suggest that STE test using HCE-T cells
could be a good model for the evaluation of eye irritation of human and
good method for testing products containing polyol.
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2748 The h-CLAT for Assessment of Dermal

2752 Implementation of BCOP for Assessing Ocular
Irritation under the GHS

Corneal Opacity and Permeability (BCOP) Test

D. Bermudez, E. Baker, K. Boyd, S. O’Neal, T. Rahim, A. Sheppard, J.
Blattner, and E. Whittle. S.C. Johnson, Racine, WI.

M. V. Patel1, V. Dalal1, R. Verma1, and V. J. Piccirillo2. 1Jai Research
Foundation, Valvada, India; and 2VJP Consulting, Inc., Ashburn, VA.

SC Johnson (SCJ) has a long history of using alternative methods
to reduce dependency on animals in toxicity testing. This proactive
approach to identify suitable alternatives to traditional animal studies
prior to any regulatory mandates follows the philosophy of the “Three
Rs”: reduction, replacement, and refinement of animal experiments.
Although SCJ has been using in vitro methods such as the bovine
corneal opacity and permeability (BCOP; OECD 437) assay since the
early 1990s, the present analysis was part of an in-depth look at the
use of the Globally Harmonized System of Classification and Labelling
of Chemicals (GHS) calculations/algorithms and various cutoffs in the
BCOP for eye irritation in an effort to extend their utility beyond what
is currently endorsed by the Organization for Economic Cooperation
and Development (OECD) Test Guidelines. Samples (n = 34) with diverse
chemistries and historical in vivo data were assessed in the BCOP. The
BCOP In Vitro Irritation Scores (IVIS) were analyzed to determine ocular
irritation classification thresholds to allow classification of eye irritation across all GHS categories. The results of this work indicate that
the BCOP IVIS can distinguish between the GHS Categories for eye irritation; however, subcategorization between Category 2A and 2B was
not observed in the present analysis. Mixtures that have animal data
falling into Category 2B are hard to come by; thus, the ability to assess
whether the BCOP could separate Category 2A from 2B was limited by
a small sample size. Based on this limited analysis, Category 2A and 2B
eye irritants would need to be combined into a Category 2 classification;
however, the ability of the BCOP to separate Category 2A and 2B should
be re-evaluated with more Category 2B mixtures. The BCOP range for
irritants becomes 75 > BCOP IVIS ≥ 25 for Category 2 (2A + 2B). The NC
category has a BCOP IVIS < 25. The corrosive classification has a BCOP
IVIS ≥ 75 (GHS Category 1). The recent analysis was used to develop SC
Johnson’s tiered strategy for assessing the ocular irritation of products.

Bovine Corneal Opacity and Permeability Assay (BCOP) is an ex vivo
assay used to assess the corrosive properties of chemicals on the eyes
and accepted by several regulatory agencies. According to OECD 437,
non-surfactant solids are tested as a 20% concentration in normal saline
or solvent that has demonstrated to have no adverse effects on the test
system. However, the limited solubility of some chemicals adds technical challenges in finding a suitable vehicle. In this study four solvents
- normal saline, olive oil, tween 20, and propylene glycol were evaluated. Based on the available classification systems, preliminary data verified that normal saline, olive oil and tween 20 were non-irritants, while
propylene glycol was irritating to the cornea. To demonstrate the influence of vehicle on the outcome of the BCOP assay, 20% suspensions
of dicamba were tested using olive oil, tween 20 and propylene glycol,
respectively, as the vehicles. Earlier tests on animals have reported corrosive effect of dicamba on eyes. Results demonstrate that dicamba
mixed in propylene glycol or olive oil is corrosive to the cornea. In the
Tween 20 vehicle, dicamba was moderately irritating. These results
suggest the need for further investigation into the influence of specific
solvents in the BCOP assay.

2753 Special Stain for Detection of Corneal

Histopathological Changes in BCOP (Bovine
Corneal Opacity and Permeability) Assay
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M. Furukawa2, T. Sakakibara2, K. Itoh2, K. Kawamura2, M. Matsuura2,
and H. Kojima1. 1National Institute of Health Sciences, Tokyo,
Japan; and 2Safety Research Institute for Chemical Compounds
Co., Ltd., Sapporo, Japan.
Background: In the Bovine Corneal Opacity and Permeability (BCOP)
assay for evaluating eye irritation potential, when no histopathological
changes or changes which are limited in the squamous cell layer of epithelium of bovine cornea exposed to test substance are observed, these
substances are considered to be non-ocular-irritants. In the case of in
vitro irritancy score (IVIS) ≤ 6, no changes were observed in the cornea
except for the squamous cell layer in our study. We therefore suggested
in SOT 2016 that the test substance with IVIS ≤ 6 would be defined as
non-ocular-irritants. On the other hand, no changes were observed in
the corneal epithelium exposed to n-butanal defined as a severe irritant. We prepared some special stain specimens of cornea, which were
exposed to distilled water (negative control) or n-butanal and investigated histopathologically. Materials and Methods: This study was
conducted in accordance with the OECD Test Guideline 437. Eyes were
obtained from slaughtered beef cows, and isolated bovine cornea were
exposed to distilled water (negative control) or n-butanal. After measurement of opacity and permeability of exposed corneas, IVIS was calculated. After fixation, the exposed corneas were embedded in paraffin,
and sectioned, and stained with hematoxylin-eosin (HE), alcian blue
(AB), toluidine blue (TB) and periodic acid schiff (PAS). These corneal
specimens were histopathologically examined. Results and Discussion:
Although IVIS of n-butanal was 72.2 which was categorized as severe
irritants, HE stain revealed no changes in the cornea exposed to n-butanal. PAS stain showed positive reaction to the epithelial cells of the
negative control cornea and PAS stain-positive substance was digested
by alpha-amylase (diastase). These indicated that this substance was
glycogen. PAS stain showed no positive reaction to the epithelial cells
of the cornea exposed to n-butanal. These suggested that the glycogen
in the corneal epithelium was lost by n-butanal treatment. AB and TB
stains showed no remarkable changes. These results led to the conclusion that the change of the corneal epithelium could be detected by PAS
stain, even if no histopathological changes were detected by HE stain.

2755 Protocol Modification for Highly Volatile

Substances in the Short Time Exposure (STE)
Test

T. Abo1, T. Yuki2, D. Araki1, J. Avalos3, and H. Sakaguchi2. 1Kao
Corporation, Kanagawa-ken, Japan; 2Kao Corporation, Tochigiken, Japan; and 3Kao USA Inc., Cincinnati, OH.
The Short Time Exposure (STE) test is an in vitro alternative test method
for eye irritation based on the cytotoxicity of chemical substances and
mixtures in SIRC cells following a five minute treatment. The STE test
has been adopted as test guideline (TG) 491 by the Organisation for
Economic Co-operation and Development (OECD). TG 491 assigns hazard
classification and labeling of chemicals that induce serious eye damage
(Cat.1) as well as those that do not require classification for either serious
eye damage or eye irritation (No Category), as defined by the United
Nations (UN) Globally Harmonized System of Classification and Labeling
of Chemicals (GHS). When used to identify GHS No Category, one of the
categories that is excluded from the applicability domain of the STE test
is highly volatile substances with a vapor pressure over 6kPa (25°C). One
reason why these substances are not part of applicability domain is due
to volatilization of substance during test solution preparation or exposure. Acetone, ethanol, isopropanol, and methyl acetate are highly volatile substances and the results of these substances were false negative in
the STE test. On the basis of the solubility in the standard protocol, saline
was selected as the vehicle of acetone, ethanol, isopropanol, and methyl
acetate. These substances might be volatilized from saline. However,
these substances can also be applied using mineral oil as vehicle in the
STE test. Mineral oil has the potential to lower the volatilization rate
of the test substances compared to saline. We evaluated the ability of
mineral oil to be a better vehicle for high volatile substances: acetone,
ethanol, isopropanol, and methyl acetate. The results of the STE test for
the highly volatile substances in our study, using mineral oil as vehicle,
were comparable with the in vivo Draize eye test data. We found the
cell viabilities of 9.6% for acetone, 22.6% for ethanol, 6.9% for isopropanol, and 45.5% for methyl acetate at 5% concentration in mineral oil
compared to 91.3%, 98.2%, 101.6%, and 92.6% at 5% concentration for
saline, respectively. This demonstrates that the applicability domain
can be expanded, by modifying the protocol of the STE test, to include
highly volatile substances. Furthermore, it indicates that the STE test
may be incorporated into a bottom-up approach as the first test method
with expansion of the applicability domain.

2756 Molecular Mechanisms of Corneal Oxidative

Stress: In Vitro-Reconstructed Human Corneal
Tissue Model

Y. Kaluzhny, M. W. Kinuthia, T. Truong, A. Plotkin, P. Hayden, and
M. Klausner. MatTek Corporation, Ashland, MA.
The cornea is directly exposed to UV radiation which is an environmental stress factor. Oxidative damage plays an important role in the
pathogenesis of many ocular diseases, including dry eye disease (DED).
Current methods used to investigate the mechanisms of corneal injuries
utilize monolayer cell cultures or animals. As a result, there is a need for
more physiologically relevant, human-based in vitro models for ocular
research. This study explores the relationship between oxidative stress

2757 In Vitro Reconstructed Human Corneal Tissue
Model for Ophthalmic Drug Delivery

Kaluzhny1,

Y.
M. W. Kinuthia1, A. M. Gremilogianni2, C. G. Tsoli2, P.
Hayden1, and M. Klausner1. 1MatTek Corporation, Ashland, MA;
and 2University of Athens, Athens, Greece.
The corneal barrier is vitally important for eye protection, but it also presents a major challenge for delivery of ophthalmic drugs. Besides, cornea
expresses drug-metabolizing enzymes and transport systems that can
affect drug delivery. Most current studies use excised rabbit corneas that
have many shortcoming including poor species extrapolation, difficulty
to standardize, high cost, and ethical concerns. To address the need for
physiologically relevant, human-based in vitro models for ophthalmic
drug delivery studies we developed an in vitro reconstructed corneal
model. The multilayered cultures contain normal human corneal epithelial cells that grow at the air-liquid interface and develop barrier properties comparable to the in vivo human cornea. Reconstructed tissues
were characterized by histology, confocal microscopy, transepithelial
electrical resistance, esterase activity, and expression of metabolic
enzymes and drug transporters. Corneal permeability was evaluated
using model compounds with a wide range of hydrophobicity, molecular weight, and excipients; ophthalmic related antibiotics, and seven
formulations of Latanoprost eye drops. The tissues express mucins 4 and
16, as well as corneal-specific genes essential for metabolism and detoxification: aldehyde dehydrogenases (ALDH3A1 and ALDH1A1), thioredoxin reductase (TXNRD1), UDP glucoronosyltransferase 1A1 (UGTIA1),
carboxyl esterase 1 (CES1), and low, but detectable levels of P450
cytochromes (CYP1A1, CYP2C19, CYP2C8, CYP2C9, CYP2D6, CYP3A5).
mRNA expression of efflux transporters (ABCB1, ABCC1, ABCC3, ABCC5,
ABCG2), peptide transporters (SLC15A1, SLC15A2), and uptake transporters (SLC22A1, SLC22A3) could be detected in the tissues. The correlation of permeation coefficients (R2) to excised animal corneas for
model drugs was 0.84. Esterase activity was evident as latanoprost acid
was readily detected in the receiver compartment. Out of seven formulations of Latanaprost eye drops tested, Xalatan (containing 0.02% BAC)
had the highest permeation (Papp=8.81cm·s-1) and Monoprost (preservative-free) had the lowest (Papp=1.15 cm·s-1). The reconstructed in vitro
corneal tissue morphology, barrier properties, gene expression, and
permeability resemble that of the in vivo human cornea. This model is
anticipated to be a useful tool to evaluate new ophthalmic formulations.

2758 The Eyeirr-is Assay: Development of a

Performant In Vitro Method Using SkinEthic HCE
Model for Liquid Chemical Eye Irritation SubCategorization

F. Cottrez1, V. Leblanc2, N. Alepee2, and H. Groux1. 1ImmunoSearch,
Grasse, France; and 2L’Oreal, Aulnay sous bois, France. Sponsor: M.
Pallardy.
Over the last 20 years, many efforts have been made to find reliable and
relevant alternative methods to evaluate eye irritation hazard. Although
several in vitro and ex vivo test methods have been regulatory accepted
by the OECD for the identification of both UN GHS/EU CLP Category 1
and No Category chemicals, none of them could distinguish chemicals
that cause eye sever damage (Cat 1) from those causing eye irritation
(Cat 2). Using toxicogemic approach on the human 3D corneal epithelial
model SkinEthic HCE recently validated, we developed a new assay :
EYEIRR-IS, to subcategorize liquid chemicals into Cat 1 and Cat 2 classes.
An optimized protocol based on a specific 15 min. treatment and a 6 h
post-treatment incubation period and the analysis of 2 concentrations
of liquid chemicals (100% and 30%) was first assessed on a training set
(13 No Cat; 11 Cat 1; 9 Cat 2A; 6 Cat 2B). An algorithm was developed
with a prediction model (PM) using 10 specific genes overexpression
level to calculate a Liquid Irritation Index (LII) which is use to sub categorized into 3 classes the chemicals. A good accuracy of 90%, 93% and
100% for Cat 1, Cat 2 and No-Cat respectively, with an overall accuracy of
95 % and a very significant kappa of 0.92. We then performed a « use set
» analysis with 67 blind tested liquid chemicals (19 No Cat; 28 Cat 1; 13
Cat 2A; 7 Cat 2B) through a confusion matrix with 3 classes. The resulting
Kappa value was highly significant (0.746), with an overall accuracy of 83
% and a producer accuracy (based on EyeIRR-is capacity to correctly categorize a UN GHS chemical) for Cat 1, Cat 2 and no-Cat of respectively 96
%, 65 % and 84 % without any Cat 1 misclassified as No Cat. These results
showed that the EYEIRR-IS test method is a promising in vitro tool for the
sub-category prediction of eye irritancy on liquid chemicals.

2759 Applicability Domain Characterization and

Performance Signature by Ingredient Classes
of the SkinEthic HCE-Reconstructed Human
Corneal Test Method for Serious Eye Damage/
Eye Irritation

N. Alepee, V. Leblanc, M. H. Grandidier, L. Nardelli, and J. Cotovio.
L’Oreal, Aulnay Sous Bois, France.
SkinEthic HCE recently validated test method based on Human Corneal
Epithelium cells, is intended to discriminate chemicals not requiring
classification (UN GHS No Category) for eye damage/irritancy from those
requiring it (UN GHS Cat 1 and Cat 2). To demonstrate the large applicability domain and identify limitations of the test method, 200 cosmetic and non-cosmetic ingredients reflecting wide diversity of use categories and chemicals classes were tested. The chemical set, composed
of 105 liquids and 95 solids among which mono or multi-constituent
substances (including polymers) are present, could be assigned into 3
classes: organic (169), inorganic (13) ingredients and surfactants (18).
The predictive capacity was comprehensively explored for the 3 classes
of ingredients and showed a 100% sensibility for both surfactants and
inorganic chemicals and 95% for organic compounds without any Cat
1 misclassified as No Cat. The specificity was 87% for both inorganic
ingredients and surfactants and 69% for organic ingredients with an
accuracy of 92%, 94% and 82 % respectively. Over the 200 chemicals, the
performance of the SkinEthic HCE test method showed 72% specificity
(based on 103 chemicals), 96% (97 chemicals) sensitivity and 83% accuracy. When focusing on the false negative and false positive predictions,
no specific functional classes could be singled out or excluded from
the applicability domain, the misclassified substances being assigned
to different chemical groups (alcohol; ester, ketone ). Interestingly, the
misclassified chemicals are distributed among all in vivo drivers of classification (corneal / conjunctival effects with or without persistence).
Therefore, SkinEthic HCE test method is applicable to cosmetic and
non-cosmetic ingredients categories without any restriction regarding
in vivo drivers and/or functional classes allowing its inclusion in OECD
Test Guideline (currently under commented round) and in an integrated
testing strategy for eye irritation.
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and DED using an in vitro reconstructed corneal tissue model comprised
of normal human corneal epithelial cells cultured at the air-liquid interface. The tissues express corneal-specific genes essential for metabolism and detoxification: aldehyde dehydrogenases (ALDH3A1 and
ALDH1A1), thioredoxin reductase (TXNRD1), UDP glucoronosyltransferase 1A1 (UGTIA1), and cytochrome P450 enzymes. Oxidative stress
was generated by exposing the tissues to simulated solar UV radiation
(60 mJ UVB) or to desiccating stress conditions (DSC, 40% RH, 40°C, and
5% CO2) to stimulate morphological, cellular, and molecular changes
relevant to DED. The effect of oxidative stress on the corneal tissues
was analyzed at 0, 2, 24, and 48h after UV exposure or DSC. Reactive
oxygen species (ROS), cytokine release, transepithelial electrical resistance, tissue viability, histology, and gene expression were evaluated.
UV exposure resulted in 38.5 to 60.2 fold increases in cellular ROS accumulation, which decreased by 73% 2h post-exposure. 24h incubation at
DSC induced 3 to 5.5 fold increase in intracellular ROS. Both conditions
caused considerable release of IL-1α and IL-8 and gene up-regulation for
pro-inflammatory cytokines and enzymes (IL-1, IL-6, PTGS2, SOD1, and
MMP13), but didn’t affect tissue viability. Following exposure to UV or
DSC, topical application (25 µl/tissue) of lubricant gel drops improved
tissue morphology and barrier function, but didn’t have an effect on
cytokine release or gene expression. The results demonstrate that the
in vitro organotypic human corneal tissue structurally and functionally
reproduces oxidative stress and DED markers. The model will avoid
species extrapolation, be more cost effective and more reproducible
than animal methods, and will facilitate drug discovery by allowing
screening and optimization of pharmaceutical formulations.

2760 A Tiered Testing Strategy for Assessing Ocular
Irritation of Agrochemical Formulations

S. C. Gehen1, R. Acosta Amado1, N. R. Visconti2, M. Corvaro1, D. R.
Boverhof2, and R. S. Settivari2. 1Dow AgroSciences, Indianapolis,
IN; and 2The Dow Chemical Company, Midland, MI.
Assessing eye irritation is a critical safety assessment need across chemical sectors. In recent years, in vitro methods have shown potential to
replace animal testing for this endpoint. To accomplish this, practical
integrated testing strategies are needed that adequately cover the
range of effects observable in vivo for the chemical domains of interest.
For agrochemical formulations, a significant opportunity exists for these
integrated approaches since each formulated product needs to be
tested for eye irritation potential. . This assessment analysis was conducted to assess the utility of the neutral red release (NRR) and EpiOcular
assays (EO) for accurately categorizing (according to GHS) the eye irritation potential of 64 agrochemical formulations with existing Draize data.
For the NRR assay, formulations with an NRR50 value ≤ 50 mg/mL were
categorized as UN GHS Cat 1 and those >250 mg/mL were classified as
UN GHS Non Classified (NC) based on empirical observations. Accuracy,
sensitivity, and specificity were 78, 85 and 76% and 73, 85 and 61% for
identifying UN GHS 1 and NC formulations, respectively; however specificity was poor for formulations with NRR50 > 50 to ≤250 mg/mL. The EO
(ET-40 method) was conducted on formulations that were UN GHS 1/2
and UN GHS NC and the resulting accuracy, sensitivity, and specificity
was 65%, 58% and 75% for identifying UN GHS NC formulations. In an
effort to improve the overall performance, the assay results were next
applied in a tiered-manner wherein the NRR results were considered as a
first-tier followed by EO as the second tier when a conclusion could not
be made based on NRR alone. The tiered-approach resulted in improved
accuracy (75%) and balanced sensitivity (73%) and specificity (77%) for
distinguishing between irritating and non-irritating agrochemical formulations. The results of this analysis demonstrate that the integrated
application of both NRR and EpiOcular assays provided improved sensitivity and specificity relative to either approach alone.

2761 Resolving Corrosive/Severe Irritant Ocular

Classifications Using an Alternative Dual Ex Vivo
Assay System
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P. Vij, M. Carathers, B. Yasso, B. Varsho, E. Delacruz, and G.
DeGeorge. MB Research Labs, Spinnerstown, PA.
The important classification of severe ocular irritation as distinct from
corrosion is traditionally determined by assessing reversibility of
damage to the corneal epithelium over time in live rabbits (The Draize
Test). Currently, there are no regulatory accepted alternative (nonrabbit) ocular irritation assays that are capable of assessing both corneal
tissue damage and reversibility (healing). The Bovine Corneal Opacity
and Permeability (BCOP) assay predicts a corrosive classification if the
In Vitro Irritation Score (IVIS) is greater than 55; however, materials in
this category that may cause reversible (non-corrosive) damage in the
Draize Rabbit Eye Test are overclassified. This overclassification can lead
to inaccurate hazardous shipping labels and increased manufacturing
and distribution costs. Here, we demonstrate the feasibility of a dual
assay system for distinguishing corrosive materials from those merely
moderately to severely irritating. Twenty-one chemicals with known
EPA ocular toxicity classifications (based on rabbit data) were evaluated
using the BCOP assay. Chemicals with an IVIS ≥ 20 were to be considered moderately irritating to corrosive and were further assayed in the
Porcine Cornea Opacity Reversibility Assay (PorCORA). The PorCORA
uses excised porcine corneas that are maintained in culture for up to
21 days. Test chemicals are topically dosed on the corneal epithelium
and assessed for damage by fluorescein stain retention, similarly to the
Draize method. Test chemicals causing stain retention persisting until
Day 21 were deemed corrosive (EPA Cat. 1). If the stain retention cleared
before Day 21, the test chemical was classified a severe irritant (EPA
Cat. 2). Of the 21 chemicals tested, 6/6 Category 1 chemicals induced
irreversible damage in the PorCORA, while ocular damage caused by
15/15 Category 2 and Category 3 (IVIS ≥ 20 to 55) chemicals completely
reversed by Day 21. This dual ex vivo assay system fulfills an unmet need
under current ocular hazard regulatory test guidelines by providing a
non-live-animal (ex vivo) approach to resolving the differences between
corrosive (EPA Cat. 1) and severely irritating (EPA Cat. 2) chemicals.

2762 Expansion of the Steatosis Adverse Outcome
Pathway to Mechanistic Toxicity Tests

M. M. Angrish, J. P. Rooney, C. A. McQueen, and B. N. Chorley. US
EPA, Research Triangle Park, NC.
Currently, risk assessors use a number of liver endpoints, including steatosis, in rodent toxicology studies to assess the safety of exogenous
chemical exposures. Critically, there is often a biological disconnect
between rodent physiologic responses and the human condition.
Furthermore, while liver function tests help to screen for and evaluate
liver damage, they are not predictive of disease. For these reasons
and others including cost and throughput of chemical assessment, in
vitro based human cell models are being developed to better predict
adverse human health outcomes. Here, we utilized a networked Adverse
Outcome Pathway to assess key biological events that can lead to the
initiation and progression of steatosis. Assays for lipid uptake, lipid
efflux, fatty acid oxidation, lipid accumulation, cytotoxicity, and gene
expression were applied in HepaRG cells. Six compounds were screened
using the assays and include: T0901317 (a liver X receptor [LXR] agonist),
cyclosporin A (an immunosuppressant used in organ transplant),
22(r)-hydroxycholesterol (an endogenous LXR agonist), wyeth-14,643
(a peroxisome proliferator activated receptor [PPAR] α agonist), troglitazone (a PPARγ agonist), and amiodarone (an antiarrhythmic medication). Effects were considered significant if cell viability was ≥70% and
the |log2 fold change| of test samples was ≥3 times the baseline median
absolute deviation of DMSO controls. Only T0901317 and cyclosporin
A dose-dependently increased hepatocyte lipids. T0901317 decreased
lipid efflux; increased triglyceride synthesis and lipid efflux genes Dgat1,
Dgat2, and ApoB100; and decreased lipid synthesis genes Fasn, Pparg,
Acaca, and Srebf. Cyclosporin A increased fatty acid uptake and efflux.
22(R)-hydroxycholesterol and wyeth-14,643 increased fatty acid uptake
and Cd36 mRNA. Only wyeth-14,643 increased fatty acid oxidation.
Troglitazone decreased fatty acid uptake and fatty acid transporter Cd36
mRNA levels. These results suggest T0901317 post-transcriptionally
altered lipid efflux pathways, whereas cyclosporin A caused steatosis by
altering lipid efflux and uptake pathway. This work is an important step
towards developing an in vitro test to screen chemicals for potential to
cause steatosis. This abstract does not necessarily reflect official Agency
policy.

2763 Establishment and Characterization of 3D

Monkey Liver Microtissues for Species-Specific
Toxicity Testing

S. Messner2, M. Kijanska2, M. Tseng1, J. M. Kelm2, J. Vogt1, W. R.
Proctor1, and D. Misner1. 1Genentech Inc., South San Francisco, CA;
and 2InSphero Ag, Schlieren, Switzerland.
3-dimensional (3D) spheroid cultures of primary hepatocytes from
human or rat species were previously shown to prolong viability and
liver-specific functionality in comparison to 2D cultures. An equivalent
culture with hepatocytes from monkey species was, however, so far not
described. In order to establish a system for species-specific toxicity, we
established 3D monkey liver microtissues based on primary cynomolgus hepatocytes (cLiMT). The cLiMT were characterized for viability,
morphology, basal cytochrome activity. Furthermore, the cLiMT were
tested for detection of drug-induced liver injury (DILI). Primary male
cLiMT exhibited stable ATP-content and albumin secretion over 4 weeks
in culture. Histological sections indicated presence of a healthy tissue
with high glycogen incorporation. Bile canaliculi were established and
exemplified by BSEP and MRP2 expression. Cytochrome P450 activity
was demonstrated for CYP 1A2, 3A4, 2B6, 2A6, 2C9, 2D6 and 2C19 for
more than 4 weeks in culture. Activity of CYP 1A3, 3A4, 2C9 and 2C19
were highly stable over the culture period, whereas for CYP2A6, 2D6
and 2B6 a slight decline of activity over time was observed. Beside male
cynomolgus hepatocytes, also female cynomolgus hepatocytes showed
similar results on viability, morphology and functionality. Moreover, the
co-culture of cynomolgus hepatocytes with human Kupffer cells was
tested. The human Kupffer cells integrated into the cLiMT as shown by
CD68 staining. Exposure to lipopolysaccharide (LPS) strongly induced
secretion of IL-6, suggesting that this co-culture model is a promising
tool to study inflammatory stress in a monkey liver. To test the suitability
of cLiMT for studying drug-induced liver injury, we tested the clinically
known compounds Ambrisentan, Sitaxsentan, Entacapone, Tolcapone,
Chlorpromazine, Ketoconazole, Troglitazone and Rosiglitazone. The
cLIMT detected known DILI compounds similar than human liver microtissues, but were however less sensitive for detection of Troglitazone
and Sitaxsentan toxicity. In summary, this characterization exemplifies
that 3D cynomolgus liver microtissues are a robust organotypic liver
model and are therefore suitable for various applications in drug metabolism and toxicity testing.

Proliferation in the Chicken Egg Genotoxicity
Assay (CEGA)

T. Kobets2, M. J. Iatropoulos2, J. D. Duan2, K. D. Brunnemann2, D.
A. Iacobas2, S. Iacobas2, E. Vock1, U. Deschl1, and G. M. Williams2.
1Boehringer Ingelheim Pharma GmbH&Co. KG, Biberach an der
Riss, Germany; and 2New York Medical College, Valhala, NY.
A variety of genotoxic carcinogens tested in the Chicken Egg
Genotoxicity Assay (CEGA), which assesses liver DNA breaks and
adducts, also interfered with fetal liver proliferation, differentiation and
migration, leading to hepatocellular dysplasia and distortion of trabecular pattern. The present study assesses cell proliferation and gene
expression in fetal chicken livers, since these processes are involved in
embryo-fetal development and their dysregulation can lead to neoplastic development. Groups of at least 12 white leghorn chicken eggs
were administered the vehicles for CEGA, deionized water (DW) and
20% aqueous solution of Solutol HS15 (HS15), in 3 daily injections on
days 9 - 11 of incubation. The group used as control did not receive any
injections. Three hours after the last injection, half of the livers were
collected for gene expression analysis. One day (day 12 of incubation)
and one week (day 18) after dosing was discontinued, the remaining
livers were collected for histologic analysis. At day 12, in sections stained
with hematoxylin and eosin, in all groups, nascent trabecular hepatocellular pattern was established and normal liver cells and extracellular
matrix elements were present. At day 18, the hepatocellular trabecular
pattern was completed. Immunohistochemical staining for proliferating
cell nuclear antigen (PCNA) showed no significant differences in cell proliferation between the groups, the percentage of proliferating cells at 12
and 18 days was in the range of 61% to 65%. Gene expression analysis
using chicken 44K Agilent microarray, revealed that DW had minimal
effect on the expression of genes involved in the regulation of cell cycle
and proliferation, while downregulation of two tumor suppressor genes
p53 and APC was observed. HS15 significantly deregulated multiple
genes involved in cell cycle and proliferation pathways. Among genes
upregulated were Rad21, p300, Mdm2, Mad1. Downregulated genes
included APC, CycA, CycB, TGFβ, p53, GADD45 and PCNA. Thus, cellular
proliferation in fetal chicken livers was not affected by DW and HS 15.
Despite alterations in the expression of genes involved in cell cycle and
proliferation produced by HS15, fetal chicken hepatocytes evidently
maintained their proliferative status.

2765 Testing of Fragrance Materials in Turkey Egg

Genotoxicity Assay (TEGA) and Comparison of
the Results In Ovo, In Vitro, and In Vivo

Williams2,

Kobets2,

Duan2,

Brunnemann2,

G. M.
T.
J. D.
K. D.
M. J.
Iatropoulos2, S. Etter1, C. Hickey1, and B. Smith1. 1Firmenich Inc,
Plainsboro, NJ; and 2New York Medical College, Valhala, NY.
Genotoxic potential of a set of fragrance substances (p-tert-butyldihydrocinnamaldehyde [BDHCA]; 4-hydroxy-2.5-dimethyl-3(2H)furanone;
geranyl nitrile; methyl dihydrojasmonate; 1H-indene-ar-propanal,2,3dihydro-1,1-dimethyl; isophorone; p-t-butyl-α-methylhydrocinnamic
aldehyde [BMHCA]; maltol; pent-1-en-3-one; quinoline; diacetyl; d-limonene; trans-2-hexenal) was assessed in the Turkey Egg Genotoxicity
Assay (TEGA) using comet and 32P-nucleotide postlabeling (NPL) assays
to detect DNA strand breaks and adducts, respectively. The compounds
were selected based on their chemical structures and results in the
GADD45a-Gluc ‘BlueScreen HC’ genotoxicity and the Ames assays.
Groups of at least 10 fertilized medium white turkey eggs, containing
22 to 24 day old fetuses, received 3 daily injections of test substances
at various dose levels and were terminated 3 hours after the last dose.
Quinoline, which was expected to be positive according to previous evidence of its genotoxicity in vitro and in vivo, at doses up to 30 mg/egg
was positive in both comet and NPL assays. Methyl dihydrojasmonate,
which was expected to be negative, yielded negative results in TEGA
as well at doses up to 60 mg/egg. Among other fragrances, BDHCA,
BMHCA up to 20 mg/egg each and trans-2-hexenal up to 40 mg/egg
produced DNA strand breaks in the fetal turkey livers as evident from
positive results in comet assay; additionally, BDHCA at 20 mg/egg was
positive in NPL assay which indicates formation of DNA adducts. Maltol
up to 20 mg/egg yielded equivocal results in comet assay and was negative in NPL assay. Other tested compounds were negative in both comet
and NPL assays. When compared to in vitro test results, TEGA had good
specificity and moderate positive predictivity. Difference with in vitro
genotoxicity could be due to differences in time points measured by
TEGA and regulatory in vitro tests, or due to false-positive results in the
in vitro systems. In contrast, findings in TEGA, with few exceptions, were
concordant with the results of the genotoxicity testing of the chemical
set in vivo. Thus, TEGA is an attractive alternative screening model for
assessment of genotoxic potential of chemicals in vivo.

2766 Effects of CHIR99021 and WNT3A on the

Differentiation of Human Pluripotent Stem Cells
to Definitive Endoderm

S.-J. Kang, H. Yi, Y.-I. Park, S.-R. Hwang, H.-G. K. Kang, J.-Y. Song,
and H.-O. Ku. Animal and Plant Quarantine Agency, Gimcheon-si,
Korea, Republic of.
Human stem cell-derived hepatocytes are promising target cells as an
alternative toxic testing model. However, donor-dependent variation is
one of obstacles in cell differentiation. It is necessary to standardize the
in vitro differentiation protocol using pluripotent stem cells (PSCs). Here,
we focused on standardization of definitive endoderm (DE) induction.
Human PSCs, one ESC (WA01) and five iPSC lines (AiPS, iPS(IMR90)-1,
QIA7, QIA11 and WT-iPS3), were differentiated to definitive endodermal
(DE) cells with DE-induction media including Activin A (100 ng/mL) for 4
days. WNT3A (50 ng/mL) and CHIR99021 (1.4 µg/mL) were administrated
to human PSCs for evaluating the effects of WNT regulation on the DE
induction. To improve the efficiency of DE induction using human PSCs,
WNT3A and CHIR99021 were treated for 24h at day 1 of differentiation.
Cell viabilities were increased by CHIR99021 in 6 cell lines. However,
WNT3A did not increase the cell viabilities in AiPS and WA01. CHIR99021
might actively induce cell proliferation by regulating C-MYC, downstream target molecule of WNT signaling. To confirm different cell viability followed by treatment of WNT3A and CHIR99021, we selected two
cell lines (AiPS and QIA11). As a result, C-MYC was up-regulated by only
CHIR99021 but not WNT3A. Interestingly, the expressions of SOX17 and
FOXA2 were increased by CHIR99021 in AiPS. On the contrary, two genes
were up-regulated by WNT3A and CHIR99021 in QIA11. In the WNT signaling-related PCR array data, CHIR99021 highly up- or down-regulated
a lot of genes related with WNT signaling pathway more than WNT3A
in both cell lines. The DE cells differentiated from human PSCs were
efficiently induced by CHIR99021 more than WNT3A. This efficient DE
differentiation using CHIR99021 can be used to uniformize hepatic population as an alternative toxic testing model.

2767 A Mechanistic Safety Assessment Framework

from In Vitro Human Liver Models Treated with
Doxorubicin

P. Fowler2, S. Scott2, S. Ravenscroft1, C. Bauch1, P. Walker1, and P.
Russell2. 1Cyprotex Discovery Ltd, BioHub at Alderley Park, United
Kingdom; and 2Unilever Safety & Environmental Assurance Centre,
Sharnbrook, United Kingdom. Sponsor: P. Camichael.
Within the new paradigms for toxicology risk assessment, understanding the mechanisms and interactions between chemical exposure
and biology is paramount in being able to make pragmatic decisions
on safety. This shifts focus away from traditional apical endpoint toxicology and leads to judgements based on sound mechanistic understanding. Pathways-based approaches such as AOPs from upstream
MIE’s form a framework for developing new approaches to assessing risk
from chemical exposure. These new approaches being predominantly
in vitro need to represent human biology accurately enough to allow
meaningful mechanistic interactions allowing the user to interrogate
multiple molecular pathways at the transcription and translational level.
The present study evaluates the effects of Doxorubicin treatment on a
commercially available human liver “micro-tissue” spheroid (Cyprotex
UK). One of the clear advantages of the micro tissue models is their longevity compared to more traditional in vitro cell culture, which makes
them amenable to repeat dose experiments rather than single high
dose exposures. Whilst survival for well over 4 weeks is common with
micro-tissue models, we characterised changes in the transcriptome of
the micro-tissues as they mature, function optimally and finally senesce
over 21 days in culture without chemical exposure. We observed significant changes to 23 genes involved with xenobiotic metabolism, 20
genes in bile acid secretion pathways, 16 in steroid hormone biosynthesis and 15 in fatty acid degradation. This gave us both functional
information on the organoid as well as a base line expression profile at
each time point to compare transcriptional effects of treatment with
Doxorubicin. Preliminary data from doxorubicin treated models showed
transcriptional changes in the expression of genes involved in response
to ROS, xenobiotic metabolism and cellular stress. This is broadly consistent with its reported mode of action therefore providing a suitable
surrogate for human response to liver toxicity (intact and functional
molecular pathways).
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2764 Histologic and Genomic Evaluation of Liver Cell

2768 Assessment of Drug-Induced Liver Injury and
Metabolite Formation in Engineered Human
Micropatterned Hepatocyte Co-Cultures

F. Atienzar4, O. Irrechukwu1, C. Delatour4, H. Gerets4, K. Karen
Tilmant4, S. Dhalluin3, S. R. Khetani5, O. Ukairo2, and A.-L. Ungell4.
1Ascendance Biotechnology, Medford, MA; 2Ipsen Bioscience Inc,
Cambridge, MA; 3L’Oreal Research & Innovation, Clichy, France;
4UCB Pharma, Braine-L’Alleud, Belgium; and 5University of Illinois,
Chicago, IL.
Drug-induced liver injury (DILI) is a leading cause of drug attrition.
Therefore, accurate prediction of human DILI would streamline the
drug development process, reducing the costs associated with drug
withdrawals. A cell-based platform with metabolically active cells may
provide insights into which entity is causing DILI. A set of 38 hepatotoxic
and 11 non-hepatotoxic drugs was used to determine the potential of
human micropatterned hepatocyte co-cultures (MPCCs) to accurately
predict DILI. MPCCs showed good prediction accuracy with a sensitivity of 76.3% (29/38) and a specificity of 81.8% (9/11). Additionally,
the metabolic capacities of three cellular models, HepG2 cells, confluent
monolayer of primary human hepatocytes (PHH) and human MPCCs,
were assessed using 10 DILI positive compounds. As expected, the metabolic capacity of the HepG2 cell line was low compared to PHH monolayer and MPCCs. Indeed, most of the compounds were metabolized
in MPCCs (8/10) as well as in PHH (7/10), but not in HepG2 cells (2/10).
In addition, MPCCs also showed formation of metabolites and reactive
species, which best correlated to the available in vivo human data. These
results indicate that, compared to traditional in vitro models, the MPCC
platform may be a more relevant system, with appropriate metabolic
capabilities, for human DILI prediction. MPCCs can be used to rank compounds, to identify human drug metabolites and for mechanistic investigations to better understand clinical DILI.

2770 Integration of Transcriptomics and

Metabolomics Reveals the Perturbation in
the Central Carbon Metabolism by Repeated
Whole Smoke Exposure to Air-Liquid Interface
Three-Dimensional Co-Culture Model of Human
Bronchial Tissue

S. Ito, S. Ishikawa, K. Matsumura, N. Kitamura, and Y. Takanami.
Japan Tobacco Inc., Yokohama, Japan. Sponsor: I. Abraham.
Mechanism of action (MOA) for a substance ensures a greater understanding of the toxicological activity and a more rigorous basis for risk
assessment. The use and subsequent interpretation of omics data has
been a valuable tool in ascertaining a substance MOA. This data has
therefore been useful in toxicological assessments. Cigarette smoke
(CS) is known to cause oxidative stress, inflammatory responses and has
been documented to disrupt homeostatic capacity, however, the MOA
for many of these processes triggered by CS is not well understood. Our
previous reported in vitro study indicated that secretion of inflammatory
mediators was augmented with repeated whole CS exposure, which
could be explained, in part by a disruption of homeostasis. This study
further investigates the disruption induced by repeated exposure to CS.
To meet this objective, three-dimensional co-culture models of human
bronchial tissue were repeatedly exposed to CS. The samples were subjected to metabolomics and transcriptomics, followed by correlation
analysis using Mass Profiler Professional (Agilent Technologies). The
metabolomics results showed that the intermediates involved in the
glycolysis and tricarboxylic acid (TCA) cycle were significantly decreased
by repeated whole CS exposure. In contrast, some of the intermediates
in pentose phosphate pathway (PPP) were increased. The perturbation
of gene expression was statistically matched with the metabolic perturbations. In conclusion, we show that the disruption of the control
mechanism for the central carbon metabolic pathway with the tissue
model repeatedly exposed to whole smoke. Integrated analysis of transcriptomics and metabolomics provided the insight into the MOA.

2769 Rat, Monkey, Dog, and Human Hepatocyte
Spheroids for Assessment of Potential
Hepatotoxicity of Compounds
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J. Kwagh2, V. Ly1, B. Strassle1, V. Bhaskaran1, J. Megill2, J. Gan1,
P. Levesque2, U. Hanumegowda3, and L. Lehman-McKeeman1.
1Bristol-Myers Squibb, Lawrenceville, NJ; 2Bristol-Myers Squibb,
Pennington, NJ; and 3ViiV Healthcare, Wallingford, CT.
Hepatocyte spheroids are increasingly used in drug development either
to investigate mechanisms of hepatotoxicity or to screen for potential
hepatotoxicity of drug candidates. Spheroids are formed in a 3-dimensional pattern which allows hepatocytes to orient in a manner that they
would naturally do in the intact liver, which in turn helps retain hepatocyte-specific functions over longer periods of time. Thus, the hepatocyte
spheroid model provides a platform that is in between the standard
2-dimensional monolayer hepatocyte culture and the more complex
3-dimensional bioprinted hepatocellular microtissue. Herein, we evaluated various combinations of cell densities, media and matrices to
arrive at optimal conditions for generating functional spheroids from
primary rat, monkey, dog and human hepatocytes. Geltrex and fetal
bovine serum at 10% each were found to be optimal for spheroids from
all species. Spheroid viability was confirmed by monitoring cellular ATP
over time and by H & E staining of spheroid sections and microscopy.
Formation of functional bile canaliculi was confirmed using carboxy-dichlorofluorescein diacetate succinimidyl ester and subsequent microscopy. A select set of reference compounds (acetaminophen, bosentan,
diclofenac, fialuridine, pioglitazone, troglitazone) were tested in rat
hepatocyte spheroids over 7 to 14 days to assess the performance of
spheroids. Cytotoxicity of hepatotoxic compounds were higher with
longer exposure. Overall, hepatocytes spheroids generated using
optimal conditions were viable and functional for up to 14 days and
evaluation of reference compounds for up to 14 days provided results
consistent with compounds’ hepatotoxic potential.

2771 Characterization of CI-huAEC Airway Epithelial
Cells for Air-Liquid Interface (ALI) Exposure
Experiments

J. Knebel1, D. Ritter1, L. Schulz1, M. Niehof1, T. May2, and T. Hansen1.
1Fraunhofer ITEM, Hannover, Germany; and 2InSCREENeX GmbH,
Braunschweig, Germany. Sponsor: C. Dasenbrock.
Cell-based lung models of human origin are needed for toxicity and efficacy studies during the drug development process, but also to assess the
toxic potential of environmentally and occupationally relevant airborne
substances. Many immortalized cell lines do not adequately reflect the
in vivo situation in lung tissue due to the loss of many primary cell functions. Primary cells, on the other hand, are of limited availability. The
CI-SCREEN technology aims to overcome this problem by implementation of expansion genes into freshly isolated primary cells. The primary
cells can thereby be expanded to cell numbers enabling reliable and
reproducible testing protocols. Importantly, due to the expansion technology the cells retain functions of primary cells, enabling a testing in a
physiologically relevant setting. In this study, CI-huAEC cells were characterized with respect to barrier formation, expression and inducibility
of CYP genes and the expression of surface markers specific for alveolar
epithelial type 1 cells. CI-huAEC cells develop compact monolayers and
very high TEER-values up to 6000 Ω/cm². However, CI-huAEC cells did
not express Caveolin-1 and Podoplanin, as judged by flow cytometry.
Constitutive expression of the xenobiotic metabolizing enzyme genes
CYP1A1, CYP1B1 and CYP3A5 was shown by RTq-PCR. CYP1A1 and
CYP1B1 were inducible by omeprazole in passage 6, but no induction
was observed in passage 14 and 34. CI-huAEC cells were cultured at ALI
conditions and exposed to formaldehyde. Concentration monitoring
was done using FT-IR spectroscopy and the viability of the cells was
assessed using the Alamar Blue assay. The resulting LC50-values were
considerably higher than those reported for A549 cells. This observation seems advantageous, since conventional tumorous cell lines, as e.g.
A549, have already been critisized for their low resistance in comparison
to novel primary cell-based in vitro models. Therefore, the CI-huAEC cell
line represents a very promising model for inhalation toxicology studies.

2772 An Application of a Systems Toxicology

Approach to Assess the Biological Impact of
Carbon-Heated Tobacco Product Aerosol Using
In Vitro Organotypic Human Nasal Cultures

A. R. Iskandar, Y. Martinez, C. Mathis, F. Martin, P. Leroy, L. Ortega
Torres, S. Majeed, E. Guedj, K. Trivedi, C. Merg, A. Elamin, S. Frentzel,
N. V. Ivanov, M. C. Peitsch, and J. Hoeng. PMI R&D, Neuchatel,
Switzerland.
The biological impact of an aerosol generated from a novel carbon
heated tobacco product (CHTP)1.2 on nasal epithelial cultures was
assessed by means of a systems toxicology approach. Using a carbon
heat source in a specially designed stick, the CHTP1.2 produces aerosol
when the tobacco is heated at a maximum of 250 deg C, below the
temperature necessary for tobacco combustion. Aligned with the recommendation of the Institute of Medicine and the Tobacco Product
Assessment Consortium regarding scientific standards for studies on
Modified-Risk Tobacco Products, the assessment of CHTP1.2 aerosol
was performed in comparison with a reference cigarette, 3R4F. Human
organotypic nasal cultures were exposed to 3R4F smoke or CHTP1.2
aerosol for 28 min at comparable nicotine concentrations. The three
dimensional organotypic nasal epithelial cultures resemble the in vivo
nasal tissue, and thus are relevant for studying nasal cavity pathophysiology. Cytotoxicity, secreted proinflammatory mediators, culture histology, and gene expression were analyzed post-exposure. The results
showed that at comparable nicotine concentrations, lower cytotoxicity
and proinflammatory mediator levels were observed following CHTP1.2
aerosol exposure than following 3R4F smoke exposure. Leveraging a
computational and biological network-based analysis, the gene expression profiles following CHTP1.2 aerosol exposure indicated reduced
impact on biological pathways and processes as compared with that
following 3R4F smoke exposure. Collectively, our observations indicate
that the impact of CHTP1.2 aerosol on nasal epithelium was considerably lower than 3R4F smoke. The work reported here is in line with the
21st Century Toxicology framework under the 3Rs principle to refine,
reduce, and eventually replace animal studies.

2774 In Vitro Toxicity Screening Technique for Volatile
Substances Using Flow-Through System

B. R. Winters1, M. M. Angrish2, A. Wallace2, J. D. Pleil2, and M. C.
Madden2. 1University of Chapel Hill, Chapel Hill, NC; and 2US EPA,
Research Triangle Park, NC.
In 2007 the National Research Council envisioned the need for inexpensive, high throughput, cell based toxicity testing methods relevant
to human health. High Throughput Screening (HTS) in vitro screening
approaches have addressed these problems by using robotics. However
the challenge is that many of these chemicals are volatile and not
amenable to HTS robotic liquid handling applications. We assembled an
in vitro cell culture apparatus capable of screening volatile chemicals for
toxicity with potential for miniaturization for high throughput. BEAS-2B
lung cells were grown in an enclosed culture apparatus under air-liquid
interface (ALI) conditions, and exposed to an array of xenobiotics in
5% CO2. Use of ALI conditions allows direct contact of cells with a gas
xenobiotic, as well as release of endogenous gaseous molecules without
interference by medium on the apical surface. To identify potential
xenobiotic-induced perturbations in cell homeostasis, we monitored
for alterations of endogenously-produced gaseous molecules in air
directly above the cells, termed “headspace”. Alterations in specific
endogenously-produced gaseous molecules (e.g., signaling molecules
nitric oxide (NO) and carbon monoxide (CO)) in headspace is indicative of xenobiotic-induced perturbations of specific cellular processes.
Additionally, endogenously produced volatile organic compounds
(VOCs) may be monitored in a nonspecific, discovery manner to determine whether cell processes are perturbed by xenobiotic exposure,
potentially producing specific patterns of changes. Preliminary results
indicate the novel cell culture system is capable of detecting gaseous
products of specific enzyme pathways such as CYP2A6. Numerous VOCs
were detected in the headspace of cells grown in the novel cell culture
apparatus. The system is being optimized to minimize artifact volatiles
using different materials. We believe our novel cell culture apparatus,
once refined and validated, will allow for screening of both volatile and
non-volatile xenobiotics by measuring cellular responses detected as
alterations in gaseous molecules released by cells. (This abstract may not
reflect official US EPA policy)

2773 Impact of PAHs on Barrier Function Toxicity in
L.
Y. Chang1, D. Sampson1, L. K. Siddens1, C. V. Loehr1,
and S. C. Tilton1. 1Oregon State University, Corvallis, OR; and
2University of New Mexico, Albuquerque, NM.
Recent evidence suggests that polycyclic aromatic hydrocarbons (PAHs)
may decrease barrier function integrity associated with inflammation
and oxidative stress in cells. We evaluated the effects of both carcinogenic and non-carcinogenic PAHs and PAH mixtures on markers of
epithelial barrier function and cytotoxicity in normal human bronchial
epithelial cells (HBEC) cultured at air-liquid interface. The HBECs were
treated with three individual PAHs and two PAH mixtures. The individual
PAHs were benzo[a]pyrene (BAP) (500 µg/ml, 100 µg/ml), dibenzo[def,p]
chrysene (DBC) (10 µg/ml, 5 µg/ml) and pyrene (PYR) (500 µg/ml, 100
µg/ml). The PAH mixtures included a simulated air pollution mixture
from Beijing (AM) (0.125-2.00 mg/ml) and coal tar extract (CTE) (0.25-2.00
mg/ml). Cells were harvested at timepoints ranging from 6-48 hours.
Cytotoxicity after PAH treatment was generally <20% compared to
vehicle control as measured by LDH leakage assays. Global gene expression was measured after 48 hour BAP and DBC treatment by RNAseq and
the significant genes (q<0.05) were analyzed for enriched (p<0.05) pathways using Metacore software. Cell adhesion related pathways were
some of the most significantly regulated with PAH treatment. Further
evaluation of the RNAseq data showed most genes are down-regulated
with PAH exposure indicating decreased barrier function. A gene signature was developed for cell junction processes and investigated by qPCR
across all treatments. The RNAseq data was confirmed as the BAP, DBC,
PYR and CTE exhibited a similar trend in down-regulation. Interestingly,
the AM treatments do not result in similar down-regulation indicating
that specificity of different PAHs and mixtures alter epithelial barrier
integrity. Overall, these findings show PAH-specific effects on cell junction toxicity that can be used to study mechanisms of toxicity for different PAHs and mixtures in human bronchial epithelial cells.

2775 IL-8 Responses of Whole Cigarette Smoke at the
Air-Liquid Interface in Human Lung Cells (Beas2B)

C. Hua, X. Li, P. Shang, L. Qiao, Y. Kang, J. Zhao, X. Chen, F. Xie, F.
Xie, and H. Liu. Zhengzhou Tobacco Research Institute of CNTC,
Zhengzhou, China. Sponsor: R. Meng.
Tobacco smoking is associated with a variety of common respiratory
diseases, such as lung cancer and COPD. There are lots of compounds
in the cigarette smoke aerosols. They are not only containing harmful
gas (HCN, NO, CO), but also cell components (endotoxic, lipopolysaccharide), which will lead to respiratory inflammatory when inhaled.
IL-8 is a chemokine produced by macrophages, neutrophils and epithelial cells. Studies have shown that its overproduction is a biomarker
of airway inflammation. The objective of this study was to analyze the
levels of IL-8 secreted by human lung epithelial cells under whole cigarette smoke cigarette at the air-liquid interface in vitro to simulated
the exposure situation in human lung. The 3R4F and CM8 were tested
as reference cigarettes for this study. The VITROCELL® system was used
for whole cigarette smoke exposure. Beas-2B cells were cultured in transwell chamber for 24h, then transferred to smoke exposure module.
The Beas-2B cells were exposed to 4 different smoke concentrations
(0.12,0.27,0.57,1 of percentage of cigarette smoke produced(%CSP)) by
diluting airflow (0.25, 1.00, 3.00 and 7.50L/min). Cigarettes under the
ISO smoking method .Two cigarettes were aspirated per dose group.
Control group were exposed to clean air. The cells were cultured for 24
hours after treatment, the neutral red uptake assay , LDH leakage test,
ELISA test were used to detected the cytotoxicity, the damage of cell
membrane and IL-8 expression level. After exposure to the concentrations of Beas-2B cells, the IC50 of 3R4F and CM8 cigarette smoke treatment groups were 0.79 and 0. 51 % CSP respectively. The leakage rate of
LDH in 3R4F and CM8 cigarettes increased with the dose increasing, 1%
CSP 3R4F (22.20%) and CM8 (26.51%) were significantly higher than the
control group (10.50%) (P < 0.05). The levels of IL-8 secretion in 3R4F and
CM8 groups decreased with the dose increasing, IL-8 secretion levels in
concentrations(0.12,0.27,0.57% CSP) of 3R4F(754.78,696.60,645.37 pg/
ml) and CM8 (821.23,710.02,619.73 pg/ml) treatment groups were significantly higher than the control group(613.56 pg/ml) (P < 0.05). This
study shows that the Beas-2B cells are susceptible to stimulation of the
whole cigarette smoke at the air-liquid interface and can induced to
produce the IL-8. In a certain range of smoke exposure dose, there is
a significant dose-response relationship for IL-8 produced by Beas-2B
cells.
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2776 New Systems for Exposing Human 3D-Models
with Multiple Cell Types of Airway Mucosa to
Diesel Exhaust Particles

J. Ji2, S. Upadhyay2, X. Xiong2, P. Gerde2,1,, and L. Palmberg2.
1Inhalation Sciences Sweden AB, Stockholm, Sweden; and
2Karolinska Institutet, Stockholm, Sweden.
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Introduction: Diesel exhaust particles (DEP) have been reported to cause
inflammatory response and oxidative stress involving cytokines. As the
lung is a primary contact organ facing particle exposure, it is of interest
to investigate the effects of DEP in lung mucosa models. Both bronchial
epithelial cells and macrophages work within the first line of defense.
The aim of this study was to develop co-cultured models consisting
of human primary bronchial epithelial cells (PBEC) and macrophages
(THP-1 cell differentiated macrophage) cultured in air-liquid interface
(ALI) and combining with the XposeALI system for exposure to DEP.
Method: PBEC cultured in ALI 3D- models were exposed to 0.27 (low),
14 (medium), 58 (high) µg/cm2 DEP aerosols via XposeALI exposure
system. Control exposures (sham) to clean air with a clean system were
performed. After exposure, the models were incubated by co-culturing
with and without macrophages for 6h and 24h. Basal medium (BM) were
collected and the secretion of IL-8 and CC10 were detect by ELISA. Total
RNA was extracted from PBECs following 6 and 24 h of incubation. Gene
expression (IL-8, IL-6, TNF-alpha, NF-κB, CC10 and HO-1) was determined
using RT-PCR. Cell viability was analyzed with trypan blue staining.
Result: The models cultured at ALI differentiate and included ciliated,
mucus-producing, Club and basal cells and showed high cell viability
after all exposures. After 6 hours’ incubation, in models with only PBEC,
IL-8 secretion was significantly increased after high dose DEP exposure
compared with sham (P=0.027). Similarly, exposure to high dose DEP
resulted in significant secretion of IL-8 from PBEC co-cultured with macrophages. Induction of inflammatory reaction is evident from induced
expression of IL-8 and TNF-alpha at mRNA level of PBEC without presence of macrophages following exposure to medium and high dose
DEP. However, induced oxidative stress response (HO-1) was detecting
only after exposure to medium doses DEP. In co-culture model after 24
hours’ incubation, high dose DEP exposure increased TNF-alpha expression compared with sham exposure. Conclusion: In conclusion, we have
established 3D-models with human PBEC and combined them with
innate effect cells (macrophages) to study cell- to cell interactions with
cross-talk between the cells. DEP exposures at different doses induced
an inflammatory response in 3D-models with and without macrophages.

2778 Use of In Vitro Human 3D Airway Tissue Models
to Study Influenza Virus Infection of the Upper
and Lower Respiratory Tract

A. Martyna2, A. G. Maione1, G. R. Jackson1, O. O’Connell1, B.
Bahsoun2, D. Cantoni2, P. Hayden1, and J. Rossman2. 1MatTek
Corporation, Ashland, MA; and 2University of Kent, Canterbury,
United Kingdom.
Although influenza infection can be prevented through vaccination,
continual mutations require rapid and ongoing production of new
vaccines. Our ability to design effective vaccines depends on better
understanding the range of virus-host interactions. Here, we evaluate
how cellular differentiation in both the upper and lower airways affects
viral replication and host response. To more accurately recapitulate the
complexity of tissue structure and differentiation within the respiratory
tract, two commercially available human 3D tissue models of tracheal/
bronchial tissue, EpiAirway, and alveolar tissue, EpiAlveolar, were utilized. Tissues were infected with H3N2 and H1N1 Influenza A Viruses
(IAV) in parallel with the immortalized alveolar epithelial cell line, A549.
Cultures were assessed for viral replication, viral protein production
and trafficking, viral assembly and morphology, trans-epithelial electrical resistance (TEER), cell death (apoptosis/autophagy/necrosis) and
inflammatory cytokine secretion. While all cell systems tested were
capable of being productively infected with IAV strains, the profile of
viral replication and host response differed greatly between systems.
In all cases, the differentiated airway tissues showed lower viral replication and altered protein trafficking and viral morphology, when compared to A549 cells, despite showing significant reductions in TEER upon
infection. EpiAlveolar tissues showed aberrant protein localization and
altered host response (including cytokine secretion) compared to the
EpiAirway tissues. The A549 cell line is one of the most widely used
cell lines for modelling the host-pathogen responses to IAV infection.
However, our results show that both viral and host responses differ significantly between differentiated airway tissue models and immortalized 2D tissue culture cells. In addition, viral protein trafficking appears
to be significantly different in upper vs. lower airway tissues, though the
impact of this on the overall host-pathogen interaction remains unclear.
Overall our results show that differentiated airway tissue models offer
important differences and insights into IAV replication when compared
to standard tissue culture model systems.
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2779 PAHs Differentially Regulate Transcription in
2777 Development of an Alternative In Vitro Method
for Acute Inhalation Toxicity Testing

G. R. Jackson, A. Hunter, A. Maione, M. Klausner, and P. J. Hayden.
MatTek Corporation, Ashland, MA.
Knowledge of acute inhalation toxicity and irritation potential is
important for establishing safe handling, labeling and emergency
response procedures for chemicals. The US EPA High Production Volume
Chemical Challenge, and the EU REACH programs have further increased
the need for inhalation toxicity information. The Globally Harmonized
System (GHS) of Classification and Labeling of Chemicals utilized by government regulators worldwide specifies 5 inhalation toxicity categories.
The EPA has established a separate system that uses 4 toxicity categories. Acute inhalation toxicity tests currently accepted within the GHS
and EPA systems involve in vivo 4 hr rat inhalation LC50 tests (OECD TG
403/436). In the current work, a newly developed in vitro toxicity test
was evaluated in comparison to the established in vivo tests. The in vitro
test exposes an organotypic human airway tissue model (EpiAirway)
to test chemicals for 3 hrs, followed by measurement of tissue viability
(IC75). 64 chemicals covering a broad range of toxicity classes, chemical
structures and physical properties were evaluated. Results show that the
in vivo and in vitro tests had 100% concordance for identifying highly
toxic chemicals (GHS CAT 1-2 and EPA CAT I-II). However, the in vivo
tests had only 35.3% (EPA system) or 73.1% (GHS system) sensitivity
for identifying less toxic respiratory irritants. Numerous human respiratory irritants including acids, bases, aldehydes, amines and others were
not classified as respiratory toxins/irritants by the in vivo tests. The in
vitro airway model was very good (sensitivity of 81.1 - 85.1%) for distinguishing respiratory toxins and irritants (corresponding to GHS 1-3,
EPA, I-III) from non-toxins, non-irritants (corresponding to GHS 4-5, EPA
IV). Overall accuracy of the in vitro test was 81.2 - 86.4%. There were no
false negative GHS CAT 1-2 or EPA CAT I-II predictions using the in vitro
test. These data suggest that rat LD50 tests, while good for predicting
highly toxic chemicals, produce a high percentage of false negative predictions for moderately/slightly toxic or irritating chemicals. The in vitro
test using an organotypic human airway model was equal to current rat
LD50 tests for predicting highly toxic inhaled chemicals, and better than
the animal tests for predicting moderately/slightly toxic respiratory irritants. The new in vitro testing approach should provide improved protection of human health compared to currently accepted animal tests.

Human 3D Bronchial Epithelium

Y. Chang, D. A. Sampson, L. K. Siddens, C. V. Lohr, S. L. Massey
Simonich, and S. C. Tilton. Oregon State University, Corvallis, OR.
Current assumption for assessing carcinogenic risk of polycyclic aromatic hydrocarbons (PAHs) is that they function through a common
mechanism of action; however, recent studies demonstrate that PAHs
can act through unique mechanisms potentially contributing to cancer
outcomes in a non-additive manner. In this study, we assess potential
differences in mechanism of action for two PAHs, benzo[a]pyrene (BAP)
and dibenzo-[def,p]chrysene (DBC), in a primary human 3D bronchial
epithelial culture (HBEC) model based on short-term biosignatures identified from global transcriptional profiling. Fully differentiated bronchial
epithelial cells were treated with 500 µg/ml (19.80 nanomoles) BAP
and 10 µg/ml (0.35 nanomoles) DBC for 48 hrs and isolated mRNA were
sequenced on Illumina HiSeq 3000. Both pathway level analyses and
transcription analyses were performed. Short-term exposures to BAP
and DBC resulted in significant gene regulation (q < 0.05) in 1359 genes
in BAP treated cells and 1241 genes in DBC treated cells. Of these significant genes, approximately one-third of transcripts were uniquely
regulated by each treatment, including genes enriched (p<0.05) for cell
adhesion (attractive and repulsive receptors), cell matrix-interactions,
cell cycle G1-S Interleukin regulations, and inflammation signaling
(IL-1- and IL-2.) by BAP and ubiquitin-dependent proteosomal proteolysis, stress-response pathways, and mitochondrial apoptosis by DBC.
A subset of genes downstream the aryl hydrocarbon receptor, which
mediates PAH metabolism and toxicity, were significantly regulated in
opposite directions by BAP and DBC. These data are supportive of differences observed by PAHs in mice in vivo and suggest that bioactivity
signatures from 3D HBEC can be used to identify mechanisms linked to
carcinogenic risk of PAHs in humans. Comparisons of HBEC transcriptional regulation in benz[a]anthracene, phenanthrene, pyrene, coal tar
extracts, and an air mixture of known PAH components representative
of extracts from Beijing also show differences in AhR-mediated gene
regulation. By characterizing the short-term transcriptomic profiles of
individual PAHs as well as mixtures of known components, we aim to
develop a predictive model that will characterize signatures of PAHs.

2780 Precision Digital Dispensing of Patterned

Picoliter Quantities of Test Material onto Apical
Surfaces of Human 3D-Reconstructed Airway
Tissues

H. Behrsing2, N. Sadowski2, S. Huang1, and S. Constant1. 1Epithelix
Sarl, Geneva, Switzerland; and 2Institute for In Vitro Sciences, Inc.,
Gaithersburg, MD.
There is an increasing need for researchers to understand the dynamic
aspects of inhaled tobacco product exposure. Exposure-induced events
can cause respiratory irritation, sensitization, and other events that may
lead to severe pulmonary disease. Available 3D human reconstructed
airway tissues (RHuA) provide researchers with a more physiological
platform that offers apical and basal compartments for flexibility in
modelling relevant exposures. Commercially available instrumentation
can generate smoke and aerosols from tobacco products (including
E-cigarettes) and expose tissues at ALI, but the quantification of materials deposited at the exposure site remains a challenge. We have
tested the Tecan D300 digital dispenser as potential technical solution
to deliver precise amounts of very small vehicle droplets to coat the
apical surface of an available RHuA. The picoliter volume dispensing
allows the direct dilution of vehicle to < 0.1% levels based on estimated
RHuA mucous layer volumes. During patterned TPM-dispensing onto
apical surfaces of Epithelix MucilAir tissues, marker release (including
cytokines) and the viability were compared in both the apical and basolateral compartments, after 72 hr exposure. The dispensing precision
and accuracy, as well as the effect of direct vehicle (DMSO) or DMSO
solubilized TPM patterned dispensing onto apical surfaces were evaluated. No significant adverse effects up to 707 nL total dispensed volume
was detected using adenylate kinase release or WST-8 viability assays
when using a single dispense. However, the highest volume dispensed
(707 nL) did adversely impact ciliary beat frequency. Hand-pipetting
onto the apical surface of RHuA induced a variable baseline cytokine
response than D300 dispensing, but overall expression was comparable
between methods in pilot experiments. This novel technology demonstrated promising results as a method by which the agent to be tested
(e.g. derived from tobacco product emissions) was exposed into an ALIbased culture format and onto the apical surface of RHuA tissue. The
very low dispense volumes minimize effects on the rheology of RHuA
apical surfaces.

2782 Enhancing the Effect of Anticancer Drugs

through Modifications of Nuclear Morphology

F. Atrian Afyani, C. Duffey, M. Ochoa, B. Ziaie, and S. Lelievre.
Purdue University, West Lafayette, IN. Sponsor: F. Atrian.
Carcinomas initiate in the context of a ductal structure within a monolayer of epithelial cells, which likely influences the behavior of the malignant cells - in particular, their responses to therapeutics. We have developed a “disease-on-a-chip” (DOC) system, in which breast tumors grow
within a curved geometry, in the presence of non-neoplastic cells, like in
vivo. DOC devices consist of micro-fabricated acrylic-based hemi-channels coated with extra cellular matrix component that promotes the differentiation of non-neoplastic epithelial cells. Tiny tumor nodules are
deposited on the DOC and rapidly anchor to the hemi-channel surface
and grow. Our hypothesis is that the impact of tissue geometry on the
nuclear morphology controls the phenotypic response of cancer cells
to antiproliferative drugs and that proper geometry is key to improving
in vitro models for drug screening. Morphological analysis of the cell
nucleus in the DOC as well as hydrogel and hanging drop systems
showed that only nodules in the DOC have a similar nuclear shape as
in real tumors. To assess the possibility of improved drug testing with
the DOC, we compared the sensitivity of triple negative breast tumors
to cisplatin, with proven efficacy in the clinics, and SAHA, an epigenetic
drug that so far failed in breast cancer treatment. Our results suggest
higher sensitivity of breast cancer cells to cisplatin and lower sensitivity
to SAHA in the DOC compared to the hanging drop system. To evaluate
the importance of nuclear shape in drug response we altered nuclear
morphology using latrunculin (an actin depolymerizing drug leading
to bigger and more circular nuclei) and we observed an increased
number of apoptotic and growth arrested cells following treatments
with cisplatin and SAHA, respectively. Nuclear shape was also modified
by spreading cells over a fibronectin coated micropatterned surface.
Preliminary results suggest that nuclei with increased area have the
highest number of 53BP1 foci, representing DNA double strand breaks,
hence confirming the possible link between increased nuclear areas and
higher drug sensitivity. It will be important to identify how these global
changes in nuclear morphology impart drug sensitivity and local chromatin organization.

2783 Evaluation of an In Vitro Multi-Receptor and
In Silico/In Vitro-Based Risk Assessment: PBTK
Modeling of Potential Endocrine Disruptors

E. Fabian, C. Haase, T. Ramirez, B. van Ravenzwaay, and R.
Landsiedel. BASF SE, Ludwigshafen am Rhein, Germany.
Physiologically Based Toxicokinetic Modeling (PBTK) is an in silico tool to
model compound kinetics based on physiological compartments of the
organism and test substance related parameters. PBTK as key element
for inverse dosimetry is able to relate effect concentrations in vitro to
external, e.g. oral doses. In our investigations, we use 8 compartment
models for the rat including adrenals, testes or ovaries. Test substance
specific properties for PBTK modeling are molecular weight and logPO/W
as well as thereof derived tissue specific partition coefficients. Hepatic
clearance, intestinal permeability and plasma protein binding are
additional input parameters. Berkeley Madonna Software was used to
solve the mass balance based differential equations of the PBTK model.
Here, we present the evaluation of the above described model for the
4 substances bisphenol A (BPA), genestein (GEN), Fenarimol (FEN) and
Trenbolone (TRE). Using the lowest effect concentrations (LOECs) of
BPA, GEN, FEN and TRE from 1) in vitro yeast based reporter-gen assays
for activation of human estrogen and androgen receptors and 2) the
interaction of steroidogenesis, the concept of inverse dosimetry was
applied to relate in vitro concentrations to oral doses in the rat. Model
calculations, based on in vitro LOECs of 10 µM (BPA), 1 µM (GEN), 3 µM
(FEN) and 0.1 µM (TRE), for concentrations in target tissues resulted in
estimated oral LOELs of 5, 2, 2 and 0.1 mg/kg bw day. When calculations
were made for plasma levels oral LOELs were estimated to be 475, 141,
130 and 2 mg/kg for BPA, GEN, FEN and TRE, respectively. When compared to existing in vivo data with endocrine related LOELs of 375 (BPA),
40-60 (GEN), 50 (FEN) and 40 (TRE) mg/kg bw day, it can be concluded
that IVIS related risk assessment approaches based on target tissues
seems overpredictive, whereas LOELs derived via cMax-values in plasma
were closer to the in vivo situation.

Multi-Species Assay for Potential Endocrine
Disruptor Targets

K. Houck3, C. LaLone2, R. Judson3, M. Martin3, D. Villeneuve2, G.
Ankley2, A. Medvedev1, and S. Markarov1. 1Attagene, Inc., Research
Triangle Park, NC; 2US EPA, Duluth, MN; and 3US EPA, Research
Triangle Park, NC.
Receptor sequence conservation across species may be a key factor
determining susceptibility to potential endocrine disrupting chemicals. Computational approaches comparing receptor sequence similarities (e.g. SeqAPASS; https://seqapass.epa.gov/seqapass/) have been
proposed to identify the likelihood of species sensitivities to chemical
exposures. Here, we evaluated a high-throughput assay system that
provides an efficient means of testing these predicted sensitivities
using a multiplexed, in vitro assay that simultaneously monitors the
modulation of multiple receptors from multiple species. The previously
described Attagene Trans Factorial! assay system was modified to focus
on a panel of nuclear receptors important for endocrine function and
xenobiotic recognition; specifically estrogen receptor (ER), androgen
receptor (AR), thyroid receptor (TR), peroxisome proliferator-activated
receptor gamma (PPARg) and pregnane X receptors (PXR). In addition
to human, ligand-binding domain sequences for receptors from some
or all of the following species were designed into the assay: mouse (Mus
musculus), frog (Xenopus laevis), zebrafish (Danio rerio), chicken (Gallus
gallus), and turtle (Chrysemys picta). A set of 189 chemicals enriched by
known ligands to the human receptors was evaluated in a single, multiplexed assay in concentration-response for both agonist and antagonist
activity. Hierarchical clustering of potency values demonstrated strong
coherence of receptor families. Detailed comparisons between species
of receptor responses within a receptor family showed moderate to high
concordance. ER agonists ranged from 62-84 % concordant for potencies under 50 uM while AR agonists ranged from 85-97%. PPARg showed
high concordance between mammalian species, 88%, but was only 56%
between mammalian and zebrafish. For chemicals with potencies less
than 1 uM, concordances were 97-100% for all receptors except PXR.
Concordance also showed a strong positive relationship to ligandbinding domain sequence similarity obtained by SeqAPASS analysis. In
combination with SeqAPASS analysis, this approach may provide efficient screening of important receptors in species that may not be conducive to ready extrapolation from other, tested species. This abstract
does not reflect US EPA policy.
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2781 In Vitro-In Vivo Extrapolation (IVIVE) to Support

2784 Development of a Human Adipose-Derived

Stem Cell Model for the Characterization of
Glucocorticoid Receptor-Mediated Modulation
of Adipogenesis

B. Parks2, J. Hartman2, B. Foley2,1,, C. Deisenroth2,3,, and R. Clewell2.
1Aerie Pharmaceuticals, Durham, NC; 2ScitoVation, Research
Triangle Park, NC; and 3US EPA, Research Triangle Park, NC.
Since 1980, obesity rates worldwide have doubled, with over 600 million
people classified as obese in 2014. While diet and level of exercise are
major contributors to obesity, other environmental factors may enhance
susceptibility by leading to the disruption of normal hormone homeostasis and metabolic processes. Chemical exposure early in development may enhance adipocyte differentiation, thereby increasing the
number of adipocytes in adipose tissue and establishing a foundation
for obesity and metabolic disease later in life (i.e., the obesogen hypothesis). Identification of endocrine disrupting chemicals (EDCs) has historically been restricted to androgen, estrogen, and thyroid mediated
pathways, with negligible focus on other relevant biological pathways
that alter human physiology. We previously developed a novel human
primary adipose stem cell assay that can evaluate the effect of EDCs
on PPARG-dependent adipocyte differentiation. Here, we modified the
assay to evaluate the effects of EDCs on the glucocorticoid receptor (GR)
pathway, which is a key signaling mechanism in adipocyte differentiation. The differentiation cocktail was reformulated by removing the synthetic glucocorticoid agonist dexamethasone (DEX) from the complete
medium. In the absence of DEX, the adipocyte progenitors do not completely differentiate. Addition of DEX restored differentiation capacity to
mature adipocytes by promoting a 4-fold increase in relative lipid accumulation (RLA), signifying a suitable signal to noise ratio for screening.
When progenitor cells were treated in a 10-point concentration-response with 19 prioritized compounds previously identified by ToxPi
as having GR-dependent bioactivity, 6 induced a significant increase in
RLA. All active doses were below 100 µM with no concomitant cytotoxicity as measured by multiplexed viability assays. These data support
the use of a modified human adipose-derived stem cell differentiation
assay to test the potential of EDCs to promote adipogenesis through the
GR pathway. Future studies will use orthogonal assays to assess the GR
dependence of the phenotype.

2786 Lifestage-Specific Modeling Platform

for Adverse Outcome Pathways of Male
Reproductive and Developmental Processes

R. M. Shaffer, C. S. Wilder, C. Ryu, S. Y. Park, J. Lee, S. Hong, C. C.
White, T. Workman, W. C. Griffith, and E. M. Faustman. University
of Washington Seattle, Seattle, WA.
Early life development of the male reproductive system is vulnerable to disruption from chemical exposure, particularly during critical
windows of susceptibility. We have established a novel 3D mouse testicular co-culture in vitro system to evaluate the effects of exposures
during postnatal days (PND) 9-25. This time period has been identified
as a critical window in the mouse testis through transcriptomic analysis
of publically available data and a developmental timeline based on a
literature search. We analyzed long-term viability, testosterone production and morphology up to 16 days in culture to characterize baseline
features of the system. Sertoli, Leydig and spermatogonial germ cells
were identified using cell-type specific markers of proliferation and differentiation with Western blots and immunofluorescence. There was
a biphasic pattern of testosterone concentration in culture, which is
expected during this period because of the transition from fetal to adult
Leydig cell populations. A known testicular toxicant, cadmium, was used
to evaluate effects of chemical exposure during this critical window of
susceptibility. We exposed the co-culture system to cadmium (2.5, 5 and
10 µM concentrations) on days in vitro (DIV) 2, 6, and 15 and characterized testosterone production, cytotoxicity, cell viability, and protein
expression after 24 hours of exposure. Initial studies have observed dose
dependent cytotoxicity and differential susceptibility based on time
of exposure. These lifestage-specific quantitative results can be interpreted within the context of an Adverse Outcome Pathway (AOP) and
demonstrate the potential of our model to capture adverse outcomes
in proliferation, steroid regulation and spermatogenesis pathways of
male reproductive development. This work was supported by the National
Institute of Environmental Health Sciences grants 5 P01 ES 00960 and
5P30ES007033; United States Environmental Protection Agency (USEPA)
grants RD-83451401 and 83573801; and US Food and Drug Administration
grant 1U01FD004242.
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Differentially Modulate Estrogenic
Responsiveness in a Microphysiological Model of
Breast Cancer

M. Morgan, M. Livingston, B. Johnson, K. Lugo-Cintron, L. Schuler,
and D. Beebe. University of Wisconsin–Madison, Madison, WI.
Endogenous estrogen receptor (ER) agonists drive breast cancer progression in the majority of cases, but the influence of xenobiotic
ER-agonists and pro-agonists is poorly understood. There is a need for
predictive in vitro models that can evaluate the effect of estrogenic
compounds on breast cancer progression. Traditional in vitro platforms
evaluate ER agonists in a monoculture of mammary epithelial cells and
neglect to incorporate other cell types of the breast microenvironment.
As chemicals could alter stromal cell function, disrupt stromal-epithelial interactions, or be metabolized by stromal cells, we hypothesized
that mammary stromal cells would modulate breast epithelial response
to ER agonists. To test this hypothesis, we developed an organotypic
mammary duct platform and evaluated the response to ER agonists and
pro-agonists after addition of human mammary fibroblasts and pre-adipocytes to the surrounding matrix. In our base platform, we generated
a 3D collagen-embedded mammary ductal structure lined with MCF7
human breast cancer cells. First, we characterized molecular, cellular and
tissue level responses when the breast duct was exposed to the endogenous ER agonist 17-β estradiol (E2). We found E2 initiates the molecular
response, ER activation, in a concentration-dependent manner (EC50 =
1.85 nM). On a cellular level, we found E2 results in a 5-fold increase in
the expression of ER regulated genes TFF1 and PGR and a 2-fold increase
in the percentage of Ki67+ cells. We observed the tissue level response,
ductal hyperplasia in the estradiol-treated mammary ducts. When fibroblasts were included in the collagen matrix, we found the untreated
breast ducts had increased ER activity, epithelial cell proliferation and
hyperplasia. Fibroblasts significantly increased the potency of ER agonists E2 and diethylstilbestrol as indicated by a 10-fold lower EC50. In
monoculture and coculture with fibroblasts, exposure to pro-agonist
testosterone (T) produced no effects. Only after we included pre-adipocytes in the matrix did exposure to T initiate molecular, cellular and
tissue level responses. Together, we conclude that stromal cells influence response to ER ligands through pathway sensitization and metabolic competence.

Model to Study the Role of Oxidative Stress in
Increased Breast Cancer Risk

S. Chittiboyina, S. Jayaraman, R. Rahimi, B. Ziaie, and S. A. Lelièvre.
Purdue University, West Lafayette, IN.
Besides genetic predisposition, heightened risk of breast cancer depends
on environmental toxicants and poor dietary habits. Interestingly, the
common consequence of exposure to these factors is oxidative stress
(OS) that influences nuclear architecture, notably chromatin structure
by stimulating global heterochromatin loss and thus likely to contribute
to cancer development. Yet, the nuclear mechanisms by which OS promotes carcinogenesis remain to be understood. We have identified an
interaction between the nuclear mitotic apparatus protein (NuMA) and
a stress related transcriptional activator, lens epithelium derived growth
factor (LEDGF) that is known to protect against OS. We had previously
shown that NuMA influences chromatin organization and plays a role
in DNA repair in the breast epithelium, two key processes altered in
cancer, but also affected by OS. Our central hypothesis is that a sustained gradient of OS influences NuMA-LEDGF expression, thus altering
transcriptional regulation and triggering carcinogenesis. Current in vitro
studies focus on acute one dose OS exposure in contrary to continuous
gradient of ROS as it occurs in real tissue. There is a need for an efficient in vitro model to recapitulate the features of the microenvironment in vivo that accompany OS, while also allowing the recapitulation
of the proper epithelial architecture that controls nuclear organization
and function. To test our hypothesis we use a three dimensional (3D)
culture of human mammary non-neoplastic epithelial HMT-3522 S1
cells. Induction of acute OS with 250 μM H202 for four hours leads to a
decreased expression of NuMA, yet this protein’s interaction with LEDGF
is further strengthened. To further investigate whether chronic OS leads
to cancer development in association with sustained modifications in
NuMA-LEDGF pathway and an epigenetic impact, we have designed a
ROS gradient-on-a-chip that facilitates the continuous flow of a gradient
of H202 in microfluidic channels diffused into 3D cultures of cells. With
this system we aim to distinguish changes in nuclear events at different
ROS concentrations. Ultimately, the OS threshold and related mechanisms for carcinogenesis will be determined based on synergism with
other microenvironmental factors that influence cell behavior.

of Human Cell-Based Assays Sufficient for Safety
Assessment of Estrogenic Chemicals

D. Doheny, M. M. Miller, and R. A. Clewell. ScitoVation, Research
Triangle Park, NC.
Global initiatives are driving a transition from animal testing to in vitro
assays using human cells. To move beyond screening and classification, and toward defining regions of safe exposures, we need “fit-forpurpose” assays that are consistent with normal biological signaling
networks and in vivo dose-response in the human. We used an adverse
outcome pathway (AOP) approach to develop an in vitro assay for
estrogen disruption in the uterus. First, an AOP framework was developed to define key molecular events leading to a phenotypic uterine
response - epithelium proliferation. A multiplex cell-based assay was
then established using Ishikawa human uterine epithelial cells to simultaneously evaluate endpoints that reflect 3 key events: ERα-mediated
transcription, loss of cell-cell interaction and proliferation. Cell viability
was also included to eliminate interference by cytotoxicity. The assay’s
ability to predict chemical dose-response was tested using human
epidemiological data for native estrogen (17β-estradiol). Phenotypic
response occurred at concentrations consistent with estrogenic activity
in adult women (EC50 = 10 pM). We then tested the assay against 24 EDSP
control compounds (selected from Browne et al., 2015). The Ishikawa
proliferation assay showed equal or greater sensitivity than current high
throughput assays (ToxCast/Tox21), with similar or lower EC50s for active
compounds. Further, by measuring several key events, we were able
to glean important mechanistic information about selective estrogen
receptor modulators (SERMs). For example, the ERα antagonist tamoxifen induced proliferation without activation of ERα or loss of cell-cell
interaction (likely through GPER), while methoxychlor activated all 3
endpoints at non-cytotoxic doses. When considered together with the
ToxCast ACEA T47D breast cell assay, tissue-specific responses to estrogenic compounds can be predicted. The SERM hydroxytamoxifen was
negative in the breast cell and positive in the uterine cell, which is consistent with clinical data in women. By first mapping the key molecular
events for cellular response and then incorporating these components
in the cellular model, we developed an in vitro assay that recapitulates
the in vivo estrogenic phenotype and, more importantly, can be used to
identify safe levels of exposure to estrogenic compounds.

2789 In Vitro Study on Protective Mechanism of BrainDerived Neurotrophic Factor for Synaptic Injury
Induced by Acrylamide

Z. Li. National Institute of Occupational Health and Poison Control,
Chinese Center for Disease Control and Prevention, Beijing, China.
Sponsor: L. Fu.
Objective: NB-1 cell were exposed to Acrylamide and were detected the
cell activity and expression changes of some proteins, in order to screen
and determine the major pathway mediated by Acrylamide and the protective effect of BDNF. Methods: (1) After the NB-1 cells were induced
by db-cAMP into mature neurons, matured NB-1 cells were treated with
ACR at dose of 0, 25, 50, 100, 150, 200 and 250 μg/ml for 24 h, 48 h and 72
h. Relative survival rate of NB-1 cells were measured by MTT method. The
expression levels of Synapsin I, BDNF, TrkB acceptor and MPAK-ERK1/2
were measured by western blotting. (2) After the NB-1 cells were induced
by db-cAMP into mature neurons, matured NB-1 cells were treated with
ACR at dose of 25 μg/ml and BDNF at dose of 75 ng/ml for 48 h. The
expression levels of Synapsin I, TrkB acceptor and MPAK-ERK1/2 were
measured by western blotting. Results: (1) According to MTT results, the
survival rate of NB-1 cells gradually decreased with the increase of ACR
exposure dose and the time of exposure, and the concentration of ACR
exposure was determined as 0, 25, 50 and 100 μg/ml, and the treatment
time was set at 48h; After ACR exposured, the protein levels of Synapsin I
were reduced at 50 μg/ml and 100 μg/ml respectively (P < 0.05) and was
negatively correlated with the ACR exposure concentration (P < 0.05);
The protein levels of BDNF were increased at 25 μg/ml and 50 μg/ml
respectively (P < 0.05) and was positively correlated with the ACR exposure concentration (P < 0.05); The TrkB acceptor were reduced at all dose
groups was negatively correlated with the ACR exposure concentration
(P < 0.05); The protein levels of MPAK-ERK1/2 were increased at 50 μg/
ml and 100 μg/ml respectively (P < 0.05) and was positively correlated
with the ACR concentration (P < 0.05). (2) Compared with other groups,
the significant up-regulation of Synapsin I protein and TrkB acceptor
was observed in ACR&BDNF (A&B) group (P<0.05). At the same time, the
expression of MAPK-ERK1/2 was significantly increased in A&B group
compared with control group and ACR group (P < 0.05). Conclusion: ACR
induced synaptic injury, and enhance the self protective effect based
on increased secretion of endogenous BDNF; The synaptic injury can be
protected by the intervention of BDNF under some certain conditions,
which was mainly manifested in up-regulation of the synaptic key functional protein synapsin I.

2790 High-Content Behavioral Screening Reveals that
Zebrafish Embryos are Unable to Discriminate
Modes of Action for NeurotransmissionInterfering Compounds

S. M. Vliet, T. C. Ho, and D. C. Volz. University of California
Riverside, Riverside, CA.
Non-mammalian testing models are needed to support screening and
prioritization of chemicals for developmental neurotoxicity testing in
rodents. In support of this need, we previously developed a high-content screening (HCS) assay using early embryonic zebrafish and spontaneous (locomotor) activity as a behavioral readout. Although this
assay is promising, a high degree of variability in control embryos
was observed despite controlling for developmental stage, temperature, and light conditions. Therefore, as spontaneous activity is used as
a readout in chemical screens around the world, it is critical to determine the predictive power and potential limitations of this endpoint. To
address these challenges, we first developed and validated an improved
HCS assay that increases throughput from 384 to 3,072 wells per week.
We then demonstrated that alterations in acclimation temperature prior
to image acquisition do not impact spontaneous activity, suggesting
that changes in room temperature do not account for the observed
variability in control embryos. Finally, we screened a well-characterized,
commercially available library of 1,280 pharmacologically active compounds (LOPAC1280) - 58% of which interfere with neurotransmission - to
assess the utility of spontaneous activity for identifying compound mode
of action. Although data analysis is ongoing, results have revealed that
(1) approximately 6-8% of the LOPAC1280 library was biologically active
(at a 10-µM limit concentration) based on significant effects on survival, body area, and/or spontaneous activity; (2) only 6-7% of over 740
LOPAC1280 compounds that interfere with neurotransmission impacted
spontaneous activity; and (3) for compounds that affected spontaneous
activity in the absence of effects on survival and body area, hypoactivity
was observed for 100% of hits, including those that exhibit opposing
mechanisms of action (e.g., agonist vs. antagonist) for the same target
(e.g., dopamine receptor). Therefore, while this assay was able to rapidly
identify potent neuroactive chemicals, these data suggest that spontaneous activity lacks the ability to discriminate modes of action (e.g.,
simulants vs. sedatives) for compounds interfering with neurotransmission, an issue that may be a result of persistent control variation despite
improvements in assay throughput.
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2791 Leveraging Embryonic Zebrafish to Prioritize
ToxCast Testing

D. C. Volz. University of California Riverside, Riverside, CA.
Across Phase I and II of the ToxCast program, over 1,000 unique chemicals have been evaluated within 600-700 high-throughput assays
that reflect an array of signaling pathways thought to be important
for initiating and/or mediating chemical toxicity at the cellular-level.
Based on two pilot high-content screens of ToxCast Phase-I chemicals,
we previously demonstrated that exposure of zebrafish embryos to
abamectin and butafenacil abolished spontaneous (locomotor) activity
and induced severe anemia, respectively. Therefore, the objective of this
study was to (1) determine whether high-throughput in vitro screening
data from the ToxCast program would have prioritized abamectin
and butafenacil for further testing and (2) determine whether a single
three-day zebrafish embryo assay is a strong predictor of Toxicological
Priority Index (ToxPi) scores derived from ToxCast data. Using publically
available ToxCast assay endpoint data and target information, we calculated assay hit rates, developed hazard classifications, and relied on
the ToxPi Graphical User Interface to generate ToxPi charts and scores
within a biological process-driven configuration. Based on our findings,
this study led to three major conclusions. First, although ToxPi scores
are useful metrics that integrate ToxCast assay hit rates and chemical
potency, assay hit rate was the primary driver for generation of higher
ToxPi scores within ToxPi GUI. Second, due to the absence of ToxCast
assays that identify protoporphyrinogen oxidase inhibitors and/or
chemicals affecting red blood cell production, butafenacil may not have
been prioritized by the ToxCast program for future testing even though
this chemical was identified as a potent inducer of anemia in zebrafish
embryos. Lastly, based on a single three-day assay using one 384-well
microplane, 72-h post-fertilization zebrafish embryo survival was a
strong predictor of ToxPi scores derived from a large, complex battery
of nearly 800 ToxCast assay endpoints. Overall, our findings suggest that
embryonic zebrafish may be valuable for prioritizing ToxCast testing as
well as addressing toxicity pathways that may not be represented by the
ToxCast assay battery.
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2788 Adverse Outcome Pathway-Driven Development

2792 Toxicity Profiling Using a Battery of Assays in
Zebrafish Embryos Including Teratogenicity,
Behavior, Cardiotoxicity, Ototoxicity, and
Hepatotoxicity

C. Quevedo1, A. Alzualde1, A. Alday1, I. Irijalba1, O. Holgado1, A.
Muriana1, K. Ryan2, R. S. Paules2, and M. Behl2. 1BIOBIDE-Bionaturis
Group, San Sebastián, Spain; and 2NIEHS-NIH, Durham, NC.
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The main objective of this work was to screen 32-compounds with
known or hypothesized developmental toxicity or neurotoxicity for
an overall assessment of toxicity utilizing zebrafish embryos for higher
throughput and enhanced biological complexity over in vitro models.
Chemicals (18 developmental toxicants, 7 neurotoxicants, 5 unknowns,
and 3 negative controls) were evaluated with a battery of assays in
zebrafish embryos. The maximum tolerated concentration was determined with 5 concentrations/compound (0.1-1000 μM). Next, developmental toxicity and compound bioavalibility (internal concentration) were evaluated following compound exposure for 96 hr (n=15).
Additional assays for cardiotoxicity, ototoxicity, behavioral alteration,
and hepatotoxicity (n=10-20) following compound exposure were also
conducted in zebrafish. Of the 18 previously classified developmental
toxicants, 8 were classified as likely teratogenic in the corresponding
zebrafish assay, 2 induced toxicity but were classified as likely not teratogenic and two chemicals had inconclusive results. No effects were noted
for the remaining 6 chemicals of the group: Except for boric acid, compound uptake was very poor for these compounds. Of the 7 suspected
neurotoxicants, 4 compounds produced alterations in locomotor
activity of zebrafish larvae, one (i.e. rotenone) was highly toxic, and
another one had no effect. Overall, there was good correlation between
compounds previously suspected for their respective toxicities and the
results obtained in this study. This study also suggests that compounds
can exert toxicity in various organ systems (e.g., cardiotoxicity, ototoxicity, hepatotoxicity) and highlights the need for a battery approach for
further hazard characterization. The chemicals with unknown developmental or neurotoxticity included flame retardants, polycyclic aromatic
hydrocarbons, and bisphenols. Bisphenol S had poor uptake (7-10%)
and no effects whereas the other compounds showed evidence of systemtic toxicity and high bioavailability (~100%) in zebrafish. This study
confirms that the main limitation of the zebrafish embryo toxicity assays
is the low uptake of hydrophilic compounds (logP<1) and highlights
the importance of conducting internal dosing assays for appropriate
compound classification.
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2793 Evaluated the Effects in the Locomotor Activity

vs. Morphological Alterations by Different Types
of Biocides in Zebrafish Embryos

A. Alzualde, A. Muriana, I. Irijalba, C. Quevedo, and A. Alday. BBDBioPhenix, San Sebastián, Spain.
The developing zebrafish embryo is increasingly used as an alternative animal model for evaluating different toxicities. The advantages
of the zebrafish are mainly their low cost and ease of maintaining and
breeding. Moreover, much of the research and assays conducted in
zebrafish have been carried out in larvae to take advantage of zebrafish
fecundity, small size of larvae, easy of handling and transparency.
Agrochemicals are extensively used worldwide. Their potential as developmental toxicity is usually analyzed. However, some of them might
be also linked to neurological disorders. Moreover, neurotoxicity can
be induced at concentrations where neurotoxicants appear to be safe
in developmental toxicity assays. In this study, we tested five biocides.
Firstly, we carried out developmental toxicity assay. For this purpose, we
selected wild type embryos at 3 hours post fertilization (hpf) and treated
with biocides. After 96 hours of exposure, we evaluated the morphological effects in the embryonic development. Additionally, we evaluated the behavioral alteration that could be induced by tested biocides.
We treated wild type embryos at 5 days post fertilization (dpf) during 2
hours at five concentrations chosen based on the results of the developmental toxicity assay. Finally, they were placed in the Daniovision
automated tracking system powered by Ethovision (Noldus). In conclusion, developmental toxicity assay should be complemented with
behavioral assay conducted at concentrations where no morphological
alteration was detected. Therefore, the resulting neurodevelopmental
toxicity assay would be a test with higher sensibility. In addition, the
assay supports the 3R-principles and provides an opportunity for in vivo
primary screening.

2794 Tris(1,3-dichloro-2-propyl) Phosphate Induces
Genome-Wide Hypomethylation within Early
Zebrafish Embryos

A. Kupsco2, J. K. Leet3, A. Chen1, H. M. Stapleton1, N. Katiyar2,
R. Kaundal2, Y. Yu2, Y. Wang2, and D. C. Volz2. 1Duke University,
Durham, NC; 2University of California Riverside, Riverside, CA; and
3University of South Carolina, Columbia, SC.
Tris(1,3-dichloro-2-propyl) phosphate (TDCIPP) is a high-production
volume organophosphate-based plasticizer and flame retardant widely
used within the United States. Using zebrafish as a model, the objectives of this study were to determine whether (1) TDCIPP inhibits DNA
methyltransferase (DNMT) within embryonic nuclear extracts; (2) uptake
of TDCIPP from 0.75 h post-fertilization (hpf, 2-cell) to 2 hpf (64-cell)
or 6 hpf (shield stage) leads to impacts on the early embryonic DNA
methylome; and (3) TDCIPP-induced impacts on cytosine methylation are localized to CpG islands within intergenic regions. Within this
study, 5-azacytidine (5-azaC, a DNMT inhibitor) was used as a positive
control. Although 5-azaC significantly inhibited zebrafish DNMT, TDCIPP
did not affect DNMT activity in vitro at concentrations as high as 500
μM. However, rapid embryonic uptake of 5-azaC and TDCIPP from 0.75
to 2 hpf resulted in chemical- and chromosome-specific alterations in
cytosine methylation at 2 hpf. Moreover, TDCIPP exposure predominantly resulted in hypomethylation of positions outside of CpG islands
and within intragenic (exon) regions of the zebrafish genome. Overall,
these findings provide the foundation for monitoring DNA methylation
dynamics within zebrafish as well as identifying potential associations
among TDCIPP exposure, adverse health outcomes, and DNA methylation status within human populations.

2795 Does Oral Exposure to Phthalates Alter ObesityRelated Transcriptional Networks in the
Gastrointestinal System through PPARα?

A. Buerger, J. Schmidt, C. Paixao, A. Tiblier, C. Martyniuk, and J.
Bisesi. University of Florida, Gainesville, FL.
Traditionally, risk factors for obesity have included diet and genetics, but
chemicals in our environment have emerged as possible contributing
factors for an increased risk of obesity; these chemicals are called obesogens. Phthalate ester plasticizers, including bis(2-ethylhexyl) phthalate
(DEHP), have been implicated as possible obesogens. But data on how
phthalates affect metabolic processes are limited. The objective of this
study was to use the zebrafish (ZF), which exhibits structural and functional similarities to mammalian gastrointestinal systems, to examine
mechanisms by which phthalate exposure may exacerbate obesity.
Adult ZF were overfed with or without DEHP for two months and compared to normally fed adults. The transcriptional profiles of the intestinal
samples were analyzed using RNAseq, and this data was analyzed in
Pathway Studio to elucidate possible mechanisms by which phthalate-induced gene expression may lead to downstream effects related
to obesity. Intestinal transcriptomic analyses of overfed fish vs. overfed
fish exposed to DEHP revealed enrichment of subnetworks related to
gastrointestinal functioning, lipid metabolism, and the immune system
in fish exposed to DEHP. Analysis of individual genes that linked all these
enriched subnetworks revealed that peroxisome proliferator-activated
receptor alpha (pparα) may be a common mechanism through which
phthalates may influence obesity. Further analysis of pparα expression
in the intestine using qPCR revealed that pparα expression decreased
following DEHP exposure. Previous studies have shown that DEHP can
activate PPARα, but no data are available on the sensitivity of ZF PPARα
to DEHP compared to humans. Therefore, activation of ZF and human
PPARα by DEHP and its metabolite, mono(2-ethylhexyl) phthalate
(MEHP), was examined using transactivation assays. Results indicate
MEHP is a stronger activator of both human and zebrafish PPARα than
DEHP, and that zebrafish PPARαa and PPARαb are less sensitive to MEHP
and DEHP than human PPARα. These data improve our understanding
of mechanisms by which phthalates may act through PPARs to influence
the pathology of obesity.

Growing Zebrafish Embryo

C. Vogs1, E. Wincent2, and G. Johanson1. 1Karolinska Institutet,
Stockholm, Sweden; and 2Swedish Toxicology Sciences Research
Center (Swetox), Södertälje, Sweden.
The zebrafish embryo has become an important vertebrate model
for studying complex biological processes as well as toxic responses.
This type of studies may also help to understand and predict/extrapolate toxicity in humans. Knowing the internal chemical concentration
at the target site already enables the reduction of toxicity differences.
Toxicokinetic processes of chemicals, i.e. the absorption, distribution,
metabolism and excretion during the zebrafish embryogenesis, would
allow to estimate and predict the internal concentration over time
within a target organ. However, understanding of the toxicokinetic processes in the zebrafish embryo is largely lacking. Therefore, our aim was
to investigate the time-dependence of the internal concentration for
chemicals with different physicochemical properties like hydrophobicity
and binding affinity to body components. For this purpose, fish embryos
were exposed to various chemicals over time and concentrations were
measured in the exposure medium and in the zebrafish embryo for different exposure times. We further simulated the internal concentration
of chemicals and estimated model parameters describing the distribution between subcompartments of the zebrafish embryo. Our approach
attempted to improve the understanding of the toxicokinetic processes
in the growing zebrafish embryo and thus may potentially increase the
suitability of the zebrafish embryo as a model for toxicity in humans.
Furthermore, the outcome may result in reduced number of animals,
better understanding of toxicological mechanisms and dose-effect-relationships.

2797 Assessing the Multigenerational Toxicity of
Cannabidiol and ∆9-Tetrahydrocannabinol

D. R. Carty, C. Thornton, and K. L. Willett. University of Mississippi,
School of Pharmacy, University, MS.
Cannabidiol (CBD) is currently being assessed for therapeutic potential
in reducing seizure frequency in rare forms of pediatric drug-resistant
epilepsy (e.g. Dravet Syndrome), however, comprehensive toxicological
assessment of CBD for adverse developmental outcomes is currently
unavailable. Also, there is a significant knowledge gap in the long-term
and potentially multigenerational neurodevelopmental and reproductive impacts of fetal and/or childhood exposure to these compounds.
The goal of this project is to establish exposure uptake kinetics for CBD
and ∆9-tetrahydrocannabinol (THC) while simultaneously investigating
the comparative morphological, behavioral, and transcriptional effects
following exposure on parental and subsequent zebrafish generations.
Both exposure water and zebrafish larvae were extracted with optimized liquid-liquid separation techniques followed by gas chromatography-mass spectrometry. Calculated limits of detection for THC and
CBD were 8 ppb and 19 ppb, respectively. At 14, 24, 48, 72, and 96
hours post fertilization (hpf), larvae were assessed following exposure
to solvent control (DMSO ≤ 0.1%), CBD (0.02 and 0.1 μM ), and THC (2
μM) for altered gene expression of several mRNAs critical in morpho-/
neurogenesis. At 96 hpf, larvae were screened for suppression of touch
response, yolk sac and pericardial edema, snout and eye deformities,
as well as body and/or tail abnormalities. THC and CBD shared similar
adverse morphologic and behavioral outcomes, but lacked similarity
in terms of differential gene expression in key morpho-/neurogenesis
genes (e.g. ddx4 and dazl). With regard to LC50s, CBD (1.7 μM) was nearly
seven times more potent than THC (11.6 μM). To evaluate multigenerational impacts and the developmental origins of adult disease, zebrafish
(n=58-77 per concentration) exposed for 96 hpf to concentrations well
below the LC50 are being raised for measurement of molecular, reproductive, and behavioral adverse outcomes in F0 adults and F1 offspring.
Through this work we will gain additional insight into potential mediating mechanisms of cannabinoid toxicity while validating the fish
model for further investigation into these important physiological and
therapeutic outcomes. Supported by the National Institute of General
Medical Sciences (P20GM104932).

2798 Xenotransplantation of Human Breast

Cancer Cells in Zebrafish for Screening of
Chemotherapeutic Compounds

T. Dhawan, A. M. Anderson, T. A. Brooks, and K. L. Willett.
University of Mississippi, University, MS.
The overall goals of this project are to establish transgenic zebrafish
for in vivo xenotransplantation of human breast cancer cells and to
screen potential anti-cancer compounds for toxicity and therapeutic
efficacy. While the mouse model is commonly used in in vivo cancer
studies, it has significant drawbacks, including high maintenance costs
and difficult routine monitoring of xenograft development. In contrast,
zebrafish, which are amenable to xenotransplantation, are less costly
and cancer cell progression can be monitored daily, particularly in the
transgenic Casper/fli line that our laboratory has developed. For xenotransplantation, estrogen receptor positive MCF-7, human epidermal
growth factor receptor positive BT-474, triple negative MDA-MB-231
breast cancer cells as well as normal MCF7-12 breast cells are being used
to canvas the various types of breast cancers. Two approaches to fluorescently label cancer cells - the red fluorescence protein plasmid (RFP) or a
lipophilic red fluorescent dye (CM-DiI) - were assessed. RFP-labeled but
not CM-DiI cells showed variable susceptibility to the positive control
doxorubicin (0.29 µM for parental MCF-7 vs. 0.088 µM for RFP-labeled
and 0.47 µM for CM-DiI cells). An expanded drug array with paclitaxel
(7 vs. 5 µM, parental vs. CM-DiI, respectively), tamoxifen (both >100 µM)
and its active metabolite 4-hydroxytamoxifen (14 vs. 17 µM), demonstrated that the addition of CM-DiI did not alter chemotherapeutic efficacy. In order to optimize both fish and cell culture temperatures for
xenotransplantation, zebrafish embryos were cultured at 28°C, 34°C, and
35°C. Zebrafish embryos survived and grew normally at 34°C in 24 well
plates with only 8.9% deformities and no mortality from 0-6 days post
fertilization (dpf). After xenotransplanting ~200 CM-DiI labeled breast
cancer cells/embryo at 2 dpf, cell growth and migration are quantitated
daily for 4 days post-injection (dpi) with fluorescent microscopy and
PCR analysis of bcsg-1 gene expression. Additionally, one dpi larvae are
exposed to either established chemotherapy drugs (e.g. doxorubicin) or
novel natural products to screen in vivo safety and potential efficacy of
anti-cancer compounds. Supported by UM ORSP and UM GSC.

2799 Dimethyl Sulfoxide (DMSO)–A Widely Used

Solvent in Aquatic Toxicology–Effects on
Oxidative Stress, Inflammatory and DNA
Damage Response Genes, and Behavior in
Zebrafish and Fathead Minnow: How Much Is
Too Much Solvent?

J. Corrales2, L. Kristofco2, G. Saari2, B. Steele2, A. VoutchkovaKostal3, T. Kavanagh1, E. Gallagher4, P. Anastas5, and B. Brooks2.
1Baylor University, Seattle, WA; 2Baylor University, Waco, TX;
3George Washington University, Washington, DC; 4University of
Washington, Seattle, WA; and 5Yale University, New Haven, CT.
Dimethyl sulfoxide (DMSO) is a common chemical widely used as a
solvent in the chemical industry, as a cryoprotectant in biotechnology,
and as a drug carrier in the pharmaceutical industry. In aquatic toxicology DMSO serves as a solvent to chemicals insoluble in water. The
US EPA’s Whole Effluent Toxicity (EPA WET) guidelines indicate that no
more than 0.01% and 0.05% DMSO should be used in acute and chronic
toxicity studies, respectively. Moreover, the international Organisation
for Economic Co-operation and Development’s Fish Embryo Acute
Toxicity (OECD FET) test guidelines describe that a solvent should not
exceed >0.01% final concentration in water. However, highly insoluble
compounds (e.g., flame retardants, insecticides) represent a challenge
to toxicology studies as they may not be soluble at these solvent concentrations. The goal of this study was to evaluate effects of DMSO on
oxidative stress (OS), inflammatory and DNA damage responses, and
behavior in two common fish models, zebrafish and fathead minnow.
Fish were exposed to 0, 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 2.5, and 5%
DMSO for 96 h. At the end of the study, larvae were collected in triplicate to assess biochemical analysis of lipid peroxidation, total glutathione, and DNA damage. Also, gene expression of 11 genes linked to
OS, inflammation, and DNA damage were measured. A concentration of
5% DMSO caused 100% mortality within 24 h in both species. Lipid peroxidation in both species and total glutathione in zebrafish significantly
decreased at 2.5% DMSO, and 1% DMSO affected DNA damage. Effect
of DMSO on gene expression differed across species and among the 11
genes. Photomotor response in fathead minnow was significantly (p <
0.05) altered at 2.5% DMSO, and due to significant deformities observed
in zebrafish at 2.5% DMSO, behavioral analysis was not performed at this
treatment level. The results demonstrated that DMSO at 2.5% should
not be used and suggested that 1% be avoided in experimental aquatic
toxicity studies with larval fish models.
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2796 Understanding Toxicokinetics Processes in the

2800 Development of a Chemical Challenge

Locomotor Assay for Evaluating
Behavioral Effects of Flavonoids and Model
Neuropharmacologicals in Zebrafish

S. M. Bugel, and R. L. Tanguay. Oregon State University, Corvallis,
OR.
Flavonoids are a large and structurally diverse class of bioactive compounds, and several are known to modulate neuroendocrine and
neuroreceptor signaling. To evaluate the acute and rapid neurobehavioral effects of flavonoids and other chemicals of interest, a zebrafish
locomotor activity assay was developed. Naïve larval zebrafish (5 day
post fertilization) were acutely exposed to multiple concentrations of
each test chemical for 5 hours, and locomotor activity was measured
continuously. The objectives of these studies were to (1) evaluate 24
flavonoid and flavonoid-like chemicals, and (2) evaluate 23 model compounds for assay validation, including various neuropharmacologicals,
GABA agonists, and GABA antagonists/inhibitors. Overall, 22 of 24
tested flavonoids elicited hyperactive locomotor behavioral responses
to the tested low micromolar range (1-100 µM). Responses were rapidly
induced within 30 min of exposure, though with chemical-specific differences for efficacy and potency. Hierarchical clustering and principle
component analyses classified flavonoids into three groups based on
responses profiles and lowest effect levels (LELs) throughout the 5 hour
time assay. Hyperactivity of less effective flavonoids generally subsided
within 1.5 hours (e.g. fisetin, formononetin), and occurred with high
LELs (25-100 µM). Moderately effective flavonoids (genistein, quercetin)
elicited hyperactivity that attenuated within 2-3 hours, with modest
LELs (10-50 µM). Highly effective flavonoids (e.g. (S)-equol, kaempferol)
generally sustained hyperactive responses for 5 hours, with low LELs
(1-10 µM). Of the neuropharmacologicals tested, caffeine and nicotine
induced hyperactivity at 1000 µM and 1 µM, respectively. Several GABA
agonists expectedly elicited hypoactivity, (e.g. alfaxalone, baclofen),
though atypically hyperactive responses were observed with GABA and
valproic acid. Several GABA antagonists predictably induced robust and
sustained hyperactive responses (e.g. bicuculline, picrotoxin). These
studies collectively demonstrate the utility of the larval zebrafish model
to detect and characterize acute and rapid behavioral effects for chemicals of concern, including flavonoids. (Supported by: P30 ES00210, T32
ES07060, P42 ES016465, K99 ES025280, R835168)
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2801 Narcotic-Like Effects of Alcohol Ethoxylate
Surfactants in a Larval Zebrafish
Neurobehavioral Assay Are Influenced
by Carbon Chain Length and Degree of
Ethoxylation

H. W. Broening2, L. Truong1, J. K. La Du1, G. Carr2, J. F. Nash2, G. P.
Daston2, and R. L. Tanguay1. 1Oregon State University, Corvallis,
OR; and 2The Procter & Gamble Co., Cincinnati, OH.
Alcohol ethoxylates (AE) are members of the nonionic surfactant class
where the polar head group of the surfactant is uncharged. AEs are
broadly used in both consumer and industrial products for their detergent properties. AEs have also been shown to possess anesthetic/narcotic properties in both mammalian and aquatic organisms. Using a
larval zebrafish neurobehavioral assay, a series of AEs was assessed for
narcotic potency. Larval zebrafish were exposed to test materials beginning at 5 dpf and locomotor activity was assessed using video tracking.
Locomotor activity was stimulated using alternating 3 minute light/dark
periods and activity recorded for 8 light/dark cycles. Narcotic potency is
determined as the concentration at which locomotor activity is reduced
by 50% (IC50). The AE series was prepared from corresponding linear
alcohols (C10, C11, C12, and C14). Each alcohol was ethoxylated to achieve
resulting AEs with average molar substitutions of EO5, EO8, and EO11. In
total, 12 materials were synthesized. The composition of each test material was analytically determined. IC50 values for the AE series ranged from
34.1 µM for the least potent AE (C10EO11) to 3.94 µM for the most potent
AE (C14EO5), a 10-fold range of potency. Within each carbon number
series, increasing the degree of ethoxylation resulted in a corresponding
loss of narcotic potency. The effect was most evident in the C10 series
with the IC50 values for the C10EO5 and C10EO11 materials being 6.59 µM
and 34.1 µM, respectively. Across the AE series, it was observed that
narcotic potency increased with carbon number. This effect was most
evident within the EO11 series, with the IC50 values for the C10EO11 and
C14EO11 materials being 34.1 µM and 5.23 µM, respectively. These data
demonstrate the utility of a larval zebrafish neurobehavioral assay to
detect changes in narcotic potency based on chemical structure and
define an SAR for AEs with narcotic activity.

2802 Sex and Strain Differences in Hepatic mRNA
Expression of Three Genetically Distinct
Zebrafish Strains

L. A. Holden, and K. H. Brown. Portland State University, Portland,
OR.
Understanding variation in mRNA expression in toxicological model
systems is critical for applying laboratory-based evidence to real-world
systems, including environmental and human health issues. Zebrafish
(Danio rerio) are a popular toxicological model system, but the exact
strains used in assessments often remain unreported. Commonly
used strains including AB, Tübingen (TU), and WIK have been shown
to possess significant genomic differences between strains. Given
their extensive genetic variation, zebrafish strains undoubtedly exhibit
differences in baseline mRNA expression. To test this hypothesis, we
utilized Agilent 4x44K mRNA expression arrays to compare hepatic
total mRNA expression in naïve adult AB, TU, and WIK (n=6/strain)
zebrafish. Spot intensity between arrays was standardized using normalized expression and cyclic Loess correction in R. Pairwise comparisons between strains produced a list of 124 genes showing at least a
2-fold increase in mRNA expression between males and females in at
least one strain (BH-corrected p-value < 0.01). Across the three strains,
52 genes are highly expressed in males and 72 are highly expressed
in females. Additionally, 57 genes in AB, 4 in TU, and 15 in WIK were
differential expressed between the strains, with the remaining 48 genes
exhibiting graded responses. Initial molecular function analysis using
Gene Ontology’s PANTHER Classification System indicates that genes
associated with catalytic (29.3%) or binding activity (22.8%) are differentially expressed between males and females in AB, TU, and WIK strains.
A single gene was identified to be differentially regulated in both males
and females across strains. Endoplasmic reticulum lectin 1 (erlec1) is
expressed equally between the sexes in TU, but is 3.36-fold higher in
male WIK vs female and 2.88-fold higher in female AB vs male. erlec1 has
been shown to be involved in stress-response pathways and it is highly
intriguing that its baseline expression varies widely between sexes and
strains. These results highlight the underlying variation in mRNA expression across sexes and between zebrafish strains that should be utilized
to make informed decisions when testing toxicological compounds in
model systems.

2803 Multi-/Trans-Generational Study of

Deoxynivalenol in Caenorhabditis elegans

H. Zhou2, X. Sun1, H. Qian1, L. Tang2, P. L. Williams2, and J.-s.
Wang2. 1Jiangnan University, Wuxi, China; and 2University of
Georgia, Athens, GA.
Deoxynicalenol (DON) is one of the most common naturally occurring
mycotoxins in worldwide cereal grains. Ubiquitous and high frequency
of contamination with DON in cereal grains and their food and feed products have become a large concern in the field of food/feed safety and
public health. As the representative B-type trichothecene toxin, DON
was found to cause both acute and chronic toxic effects in animals and
human populations. Its toxic mechanisms, mode of action, and immune
toxic effects have also been well explored. In this study, the multi-/
trans-generational effects of DON on Caenorhabditis elegans (C. elegans)
were investigated. In the study for evaluating multi-generational effects,
the parental worms (P0) and their offspring (F1 to F3) were exposed to
DON concentrations at 50-800 µg/mL, while in the experiments for
assessing the trans-generational effects, only P0 worms were exposed
to 50-800 µg/mL DON. The toxic effects on development, reproduction,
and feeding behavior were examined by measuring the body length,
egg numbers, and food intake in C. elegans with different treatment
protocols. Treatment with DON induced toxic effects on growth, brood
size and feeding in P0 worms with ED50 was 372.4, 406.7, and 360.3 µg/
mL, respectively. In multi-generational study, DON induced significant
toxic effects on F1 to F3 offspring in the similar pattern and was dose-dependent (p<0.01 for all three generations). In trans-generational study,
DON treatment to P0 induced reduced growth rate, brood size, and food
intake in F1 offspring; the similar toxic effects were found in F2 offspring
in which P0 received higher DON concentration (≥200 µg/mL). In F3
offspring of DON treated P0, no effects on growth inhibition, however,
there were significant toxic effects on brood size at ≥100 µg/mL and on
food intake at ≥ 200 µg/mL Taken data together, results of this study
showed that DON exposure induced significant multi-/trans-generational toxic effects on the model of C. elegans.

Retardants on the Developing Nervous System
in Caenorhabditis elegans

A. Burdette, R. Smith, and C. Dodd. Fort Valley State University,
Fort Valley, GA.
Flame retardants are chemicals used in many factory-made goods
including furniture, electronics, and building supplies to reduce flammability. Human Exposure to flame retardants has been correlated
to health effects in children such as lower IQs, birth weight, and poor
coordination. Currently, organophosphates are commonly used flame
retardants found in foam baby products including mattresses, car seats,
and changing pads. Since organophosphate flame retardants have a
similar structure to some organophosphate pesticides that were banned
for residential use due their induction of locomotor and neurological
effects in children, the use of OPFR in child products is especially concerning. Because the effects of organophosphate flame retardants on
the nervous system remain unclear, research into their possible neurotoxicity is imperative. This study aims to assess the effects of chronic
exposure to Tris (1, 3-dichloroisopropyl) phosphate, TDCPP, on the
developing nervous system in Caenorhabditis elegans. Due to their rapid
development, transparency, fully sequenced genome, limited amount
of cells, and ability to self-fertilize C. elegans are a excellent model to
assess the effects of neurodevelopmental toxicants. The NW1229 strain,
maintain pan-neuronal expression in all neurons. Following synchronization, NW1229 L1 stage worms were chronically treated with 100 µM,
50 µM, 25µM , 15 µM, 10 µM, 5 µM, 0 µM of TDCPP. TDCPP caused a dose
dependent change in the developing central nervous system (nerve
ring). The size of the nerve ring decreased significantly by 30 % (100,
50, 25), while the brightness significantly increased by 7% compared to
control. This suggests that OP flame retardant exposure can have neurotoxic consequences. Further studies will elucidate target mechanisms.

2805 Toxicological Effects of Paracetamol, Ibuprofen,
and Diclofenac on Caenorhabditis elegans

C. A. Castellon-Castro, M. R. Alvear-Alayon, and L. P. TejedaBenítez. University of Cartagena, Cartagena, Colombia.
The pharmaceutical products belong to the group of emergent pollutant, and are widely released to the environment, increasing the concentration in surface waters. However, there are few studies about their
effects on the living organisms. In order to assess the toxicity of different
drugs of frequent use, wild-type and transgenic strains of Caenorhabditis
elegans were exposed to 0.1, 1.0, 10, 100 and 1000 µM of paracetamol,
ibuprofen, and diclofenac, and to the same concentrations of mixture
of them. Bioassays to evaluate endpoints such as lethality, body length,
locomotion, and reproduction were carried out. In addition, changes in
gene expression were assessed through the use of GFP-reporter genes:
sod-4, gst-1, cyp-35A4, and gpx-6. Lethality was dose-dependent, being
the lethality order: diclofenac > ibuprofen > paracetamol. The brood size
was dose-dependent, with 36, 32, and 25% of inhibition related to the
control, after 24 h-exposure to 1000 µM of diclofenac, ibuprofen, and
paracetamol, respectively. The body bend frequency was inhibited up
22, 19, and 11% for 1000 µM of diclofenac, ibuprofen, and paracetamol,
respectively after 24 h-exposure. The body length had no changes
between concentrations. The expression of stress response genes was
dose-dependent for genes: sod-4, gst-1, and gpx-6 for exposure to all
compounds tested. The expression of gst-1 increased 2.4-fold and 2.2fold than the control for 1000 µM of diclofenac and ibuprofen, respectively. In addition, the stress response genes sod-4 and gpx-6 were
expressed 3.1-fold and 3.4-fold the control for diclofenac, respectively.
The mixture of the three compounds exerted toxicity in a synergistic
way on C. elegans according to response of lethality, locomotion, brood
size, and gene expression. These results verifies that the toxicity of these
three medicaments depends on the concentration, affecting locomotion behavior, reproduction, and increasing the expression of genes
related to stress response.

2806 Profiling the Budding Yeast Genome for
Resistance to Food Carcinogens

Fasullo1,

M.
N. St. John1, J. Freedland1, D. Faulkner2, and C. Vulpe3.
1SUNY Polytechnic Institute, Albany, NY; 2University of California
Berkeley, Berkeley, CA; and 3University of Florida, Gainesville, FL.
The human response to environmental carcinogens is highly variable.
Environment, lifestyle, and genetics are factors that influence bioactivation. Genetic factors include polymorphic P450 and DNA repair genes;
however, epidemiological studies may lack significance due to inadequate patient numbers. We used budding yeast as a model organism
to determine genetic susceptibility to food-associated carcinogens,

including benzopyrene (BaP), aflatoxins (AFB1) and heterocyclic aromatic amines (HAAs), such as 2-amino-3-methylimidazo[4,5-f]quinoline (IQ). Budding yeast does not contain P450s that activate these
compounds, so we introduced expression vectors that contain specific
human P450 and NAT2 genes. In yeast, either CYP1A2 or CYP1A1 activates AFB1, while both CYP1A2 and NAT2 are required for activation
of IQ. To measure genotoxic effects, we measured recombination and
mutation frequencies, Rad51 foci, growth inhibition and DNA adducts.
To determine resistance genes, we used a high throughput approach
for screening the yeast deletion library expressing specific P450 genes or
expressing no P450 genes. Screens for aflatoxin resistance in the collection expressing CYP1A2 identified 31 genes, including checkpoint and
RNA metabolism genes, several of which have human orthologues are
mutated in cancers. Screens for aflatoxin resistance from the deletion
collection expressing no CYPs identified CTR1, a gene that functions in
high-affinity copper transport. Interestingly, this gene has been identified in screens for profiling yeast resistance to the fungicides captafol
and folpet. We are now performing screens to identify genes involved
in resistance to IQ. Preliminary data identified both recombinational
repair and DNA damage tolerance genes. Further high throughput analysis will be performed using other food carcinogens, including 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) and 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx). These screens provide a novel
methodology for identify genes that confer resistance to P450-activated
toxicants. (Grant Support: National Institutes of Health, 1R15ES023685-01)

2807 Regulatory Acceptance of In Vitro Dermal

Absorption Studies (OECD 428) Using Human
Skin as Standalone in North America: What Else
is Needed?

M. Aggarwal1, J. Mehta1, and D. Juberg2. 1Dow AgroSciences,
Abingdon, United Kingdom; and 2Dow AgroSciences, Indianapolis,
IN.
For testing agrochemicals for dermal absorption, 3 test guidelines (TG)
are available viz. OPPTS 870.7600 (in vivo), OECD 427 (in vivo) and OECD
428 (in vitro). Generically, in vivo studies are performed with rats while in
vitro studies are performed with skin obtained from humans or rats. In
Europe, in vitro studies performed using human skin are acceptable as
standalone since 2004, however in North America it is not acceptable
until now. In North America, in vitro studies with human skin are only
acceptable if, as part of a triple pack, the in vitro to in vivo rat absorption
values ratio is about 1. However, this ratio of 1 is rarely obtained. Triple
pack studies utilise up to 52 animals. To address the question of this
ratio of 1, an initial assessment of 3 triple packs (9 studies) with agrochemicals shows that in vitro studies with rat skin has higher absorption than the corresponding in vivo rat study, which indicates that the
in vitro dermal absorption studies conservatively represent the in vivo
conditions. Therefore, adhering to “3Rs” principles of animal research, in
vitro dermal absorption studies using human skin (relevant skin) should
be acceptable as standalone. Additionally, in vitro models provide the
opportunity to conduct product-label specific studies, e.g., a new methodology has been developed to create 14-C labelled dry disposable
residue of agrochemical sprays and test for their dermal absorption
within OECD 428 TG study. The data obtained is relevant for re-entry
worker risk assessments. Studies performed with 10 agrochemicals
show that dermal absorption from dry residue is lower compared to
that obtained from equivalent sprays. Furthermore, triple pack studies
should be utilised as a refinement option to dermal absorption values
obtained from the in vitro human study, as it is being currently applied
in Europe.

2808 Using Data Science to Identify At-Risk

Subpopulations Exposed to Ground Water
Contaminants: A Case Study of AS3MT in
US-Mexican Mestizos and Arsenic Exposure

I. L. Druwe1, J. S. Lee3, I. Cote3, and L. D. Burgoon2. 1Oak Ridge
Institute for Science and Education Research Participation
Program, Research Triangle Park, NC; 2US Army Engineer Research
and Development Center, Research Triangle Park, NC; and 3US EPA,
Research Triangle Park, NC.
The advent of Data Science has shown that it can be used for screening
various populations for chronic health disease risk (Davis and Burgoon
2015). It has been shown previously that populations of Mexican decent
may have a higher incidence of certain diseases, such as diabetes,
compared to the larger US population. Arsenite methyltransferase
(AS3MT) is the key enzyme involved in the arsenic methylation pathway.
Epidemiological analyses have shown that individuals that carry the
M278T polymorphism in the AS3MT enzyme are at higher risk of devel-
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2804 The Effects of Organophosphate Flame

oping chronic health conditions associated with arsenic exposure such
as bladder cancer and type 2 diabetes than individuals without this
polymorphism (Drobná et al 2013; Beebe-Dimmer et al 2012). In this
study we used the analytical approach derived by Davis and Burgoon
(2015) to identify subsets of the population that may present a greater
risk of developing chronic health conditions associated with environmental chemical exposure. We combined phenotypic-genotypic data
with genetic prevalence of AS3MT as a case study. We specifically looked
at the single nucleotide polymorphism (SNP) rs11191439 corresponding
to AS3MT and quantified the potential susceptibility of individuals with
this SNP to arsenic exposure. We focused on the frequency of this SNP in
a subpopulation of Mexican decent and performed a geographic analysis using data from the US Census combined with US Geological Survey
data for groundwater arsenic concentrations. Using this approach we
identified geographic regions with potential for enhanced risk. Our analyses show that carriers of the M278T SNP residing in areas with elevated
levels of arsenic, such as are present in the southwestern part of the
United States, may have a higher risk of developing diabetes mellitus
as compared to the greater US population. These types of analyses
are helpful in identifying subsections of the population that may be at
increased risk from environmental contaminants due to their genetic
makeup and may also identify possible environmental justice communities. The views expressed in this abstract are those of the authors and do not
necessarily reflect the views or policies of the US EPA.

2809 Assessment Strategy for Mutagenicity of

Extractable Components of Medical Device by
QSAR Analyses, Published Data, and Bacterial
Reverse Mutation Assay

S. Kostrubsky1, J. Kiernan-Lewis3, and R. Saiakhov2. 1Johnson &
Johnson, Jacksonville, FL; 2Multicase Inc., Beachwood, OH; and
3University of Florida, Gainesville, FL.
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To reduce testing for genotoxicity of finished devices, a risk assessment of individually identified extractable chemicals was conducted
according to principles of ICH M7 guideline. Genotoxic potential of 17
extractable components forming contact lenses was evaluated using
Quantitative Structure Activity Relationship (QSAR) modeling, published
data and results of bacterial mutation assay. Components represented
hydrophilic and hydrophobic methacrylate esters including those containing siloxane, 2-hydroxyphenyl benzotriazole, and anthracenesulfonic acid derivatives, N,N-dimethylacrylamide, and a bis(benzoyl) phosphine oxide derivatives. A MultiCASE “Case Ultra” validated suite was
applied using two QSAR modules: ICH M7 (statistical and expert models)
and additional GenTox statistical model covering chromosomal aberration and micronucleus assays. Only anthracenesulfonic acid derivatives
were identified as ICH M7 positive and originally classified as Class 3
(alerting structure, control at or below acceptable limits). Subsequent
results of mutation assay (OECD 471) demonstrated no mutagenicity
for these compounds with reclassification to Class 5 as non-mutagenic.
Negative predictions were supported by published data with exception
of no information for methacrylate esters of siloxane. Further expert
analysis supported a non-genotoxic nature of these compounds since
their siloxane and methacrylate functional groups do not contribute to
genotoxicity in vivo. The overall approach in genotoxicity risk assessment of extractable device components using specific examples is presented.

2810 Identification of Non-Regulated Mutagenic

Aromatic Amines Which Can be Cleaved from
Azo Dyes Used in Clothing Textiles

B. J. Brüschweiler1, and C. Merlot2. 1Federal Food Safety and
Veterinary Office, Bern, Switzerland; and 2LeadOp Computing Sarl,
Viry, France. Sponsor: M. Wilks.
Azo dyes are by far the most important class of textile dyes (Brüschweiler
et al. 2014). They can be metabolized by various skin bacteria into aromatic amines (AAs) (Platzek et al. 1999, Stingley et al. 2013) which might
be dermally absorbed to a major extent (Korinth et al. 2013). It is well
known that certain AAs are carcinogenic and/or genotoxic (Platzek
2010). Azo dyes which may release one of the 22 known carcinogenic
AAs are banned in clothing textiles in the European Union (Annex XVII
of the REACH regulation; No 1907/2006) and in Switzerland (Ordinance
about objects with human contact, SR 817.023.41). In this project we
studied whether so far non-regulated AAs as cleavage products of the
470 known textile azo dyes are mutagenic. We identified 33 mutagenic
AAs in the mutagenicity dataset by Kazius et al. (2005) that relies mainly
on the Chemical Carcinogenicity Research Information System (CCRIS).
We predicted the mutagenicity potential of the other AAs with the nitrenium stability method by Bentzien et al. (2010) and specific structural
rules. We allocated them to different priority groups. We tested 18 AAs

of high priority and found 5 positive (28%) compounds in the strain
TA 98 and/or TA 100 with and/or without metabolic activation by rat
S9 mix (CASRN 84-67-3, 615-47-4, 3282-99-3, 4506-66-5, 15791-87-4).
Five AAs predicted to be non-mutagenic were confirmed as negative in
the Ames test. Combining the information from the Ames tests, Kazius,
CCRIS, and the Carcinogenic Potency Database (CPDB) we identified
41 non-regulated mutagenic AAs. They are potential cleavage products of 211 different parent azo dyes. It is concluded that mutagenic
cleavage products of azo dyes clearly needs more comprehensive and
systematic evaluation. A complete cancer risk assessment for consumers
and workers in dye production and textile coloring will require more
research and data on exposure, substance-specific cleavage capabilities
by skin bacteria, dermal absorption, as well as data on the carcinogenic
properties and potencies of the single AAs. Combinatorial genotoxic
effects by mixtures of AAs should be taken into account. Systematic
mutagenicity testing of all AAs as cleavage products of azo dyes is recommended.

2811 Metabolic Precursors as Potential Surrogate

Compounds for Toxicity Assessment: A Case
Study on Phosphoramides

K. Zaccaria1, J. Melia1, M. Odin1, J. Tunkel1, L. Molacci1, and L.
Lizarraga2. 1SRC, Inc., North Syracuse, NY; and 2US EPA, Cincinnati,
OH.
Identification of surrogate compounds for toxicity assessment of datapoor chemicals takes into consideration structure, metabolism, modeof-action, and toxicity information for the subject chemical and candidate surrogates. Often, metabolic precursors are considered as potential
surrogates, but their suitability must be carefully evaluated, particularly
with regard to whether the proximate toxicant is the parent compound
or a downstream metabolite. We present a case study in which the
relatively well-studied metabolic precursor hexamethylphosphoramide (HMPA) was considered as a potential surrogate compound for
the data-poor compounds penta- (PMPA), tetra- (TMPA), and tri-methylphosphoramide (TriMPA). HMPA breaks down into the progressively
more demethylated phosphoramides by releasing formaldehyde with
each sequential demethylation step (HMPA→ PMPA→ TMPA→ TriMPA).
There is no in vivo evidence indicating further demethylation of TriMPA
via formaldehyde release. The primary targets of HMPA toxicity are
the respiratory tract (particularly the nasal epithelium) and the testes.
The point of departure used to derive oral noncancer toxicity values
for HMPA is based on nasal/respiratory tract lesions. Metabolic transformation of HMPA to less methylated phosphoramides (including
PMPA, TMPA, and TriMPA) and formaldehyde is a putative bioactivation
pathway for nasal toxicity. Since PMPA and TMPA are similarly metabolized, the proposed mode-of-action for HMPA-induced nasal toxicity
is plausible for these phosphoramide compounds. Therefore, HMPA is
considered a metabolic surrogate for PMPA and TMPA, and nasal lesions
(the critical effect for HMPA oral noncancer toxicity values) are considered a potential toxic response for PMPA and TMPA following oral
exposure. Because available evidence does not indicate further demethylation of TriMPA via subsequent formaldehyde release, the proposed
mode-of-action for HMPA-induced nasal toxicity may not be plausible
for TriMPA, and HMPA may not be a suitable surrogate for TriMPA. The
views expressed in this abstract are those of the authors and do not necessarily reflect the views and policies of the US EPA.

2812 Mechanistic Considerations That Inform

Selection of a Surrogate Compound for 1-bromo2-chloroethane

J. Melia1, K. Zaccaria1, M. Odin1, J. Tunkel1, L. Morlacci1, and J.
Dean2. 1SRC, Inc., North Syracuse, NY; and 2US EPA, Cincinnati, OH.
The tiered surrogate approach for toxicity assessment of data-poor
chemicals relies on an assessment of structural, metabolic, and toxicological similarity between a target compound and potential surrogates.
For the target compound, 1-bromo-2-chloroethane (BCE), structurally-related compounds with toxicity values include 1,2-dibromoethane
(DBE), 1,2-dichloroethane (DCE), and 1,2-dibromo-3-chloropropane
(DBCP). Metabolism of each of the candidate surrogates includes
a direct GSH conjugation pathway leading to formation of a reactive
episulfonium ion that binds DNA. The GSH conjugation pathway has
been demonstrated experimentally for BCE as well. While the metabolic
pathway is the same, available data indicate that the GSH conjugation
rate differs between compounds, and this can be traced to the halides
present in the molecule. Bromide is a better chemical leaving group
than chloride (i.e., the C-Br bond is more readily cleaved than is the
C-Cl bond). The result of this difference is demonstrated by the GSH
adducts formed by BCE and DBCP. In both cases, bromine is preferentially displaced when both C-Br and C-Cl bonds are available, leaving

2813 Bioaccessibility and Relative Oral Bioavailability
of Cobalt and Nickel from Metal Alloys in Soil
and Dust

D. M. Proctor1, M. Suh1, M. Dunsmore2, A. Vermeil1, and S. Casteel2.
1ToxStrategies, Inc, Mission Viejo, CA; and 2University of Missouri,
Columbia, MO.
The potential human health hazard posed by ingestion of metals
depends on the rate and extent of absorption into the body, i.e., bioavailability. In general, oral reference doses and cancer slope factors are
expressed as ingested dose rather than absorbed dose; thus, accounting
for potential differences in bioavailability across various exposure media
is important for site-specific risk assessments. For metals bound in
a matrix resistant to acid digestion, i.e., alloys, slag, tailings, including
measures of relative bioavailability (RBA) greatly improves the accuracy
of risk assessment. We evaluated in vitro bioaccessibility and in vivo RBA
of cobalt and nickel from soil and sidewalk dust samples in a community affected by airborne emission of chromium-enriched metal alloys.
Cobalt levels in dust and soil ranged from 28.4 to 4,503 ppm and that for
nickel ranged from 124 to 24,258 ppm. Test materials were sieved to less
than 250 μm and tested for bioelution in simulated gastric and intestinal
conditions. Measures of bioaccessibility were slightly higher by gastric
extraction than intestinal, averaging 1.7% and 3.0% for nickel in dust
and soil, and 4.2% and 2.4% for cobalt in soil and dust, respectively.
These test materials (soil and dust) and standard reference materials–
cobalt chloride and nickel sulfate–were administered daily for 14 days,
twice per day, to 7 groups of juvenile swine, including one untreated
control group. Daily intake doses for cobalt were up to 229 μg/kg/day
and for nickel up to 1,419 μg/kg/day. Nickel and cobalt were measured
in blood at Day 0, 3, 7, and 14, and in liver and kidney at Day 14. Blood
nickel and cobalt concentrations in animals administered soil and dust
were not greater than those of untreated controls. Nickel RBA values
could be only calculated from liver data and were 0.57% and 2.6% for
dust and soil, respectively. Cobalt RBA values could only be calculated
from kidney data and were 1.4% and 3.3% in dust and soil, respectively.
These bioaccessibility and RBA data demonstrate that nickel and cobalt
in soil and dust affected by metal alloys are highly resistant to dissolution and absorption in the gut and inform the quantitative site-specific risk assessment of these metals in the environment. Although RBA
studies in lead and arsenic are relatively common, these are the first
such studies for nickel and cobalt.

2814 Evaluating the Hypersensitivity Potential of

Propylene Glycol in Small Molecule Parenteral
Formulations

J. Wan, and A. Vaz. Intertek Scientific & Regulatory Consultancy,
Mississauga, ON, Canada.
The hypersensitivity potential for excipients in a drug formulation needs
to be assessed in addition to evaluating the hypersensitivity potential of
the active pharmaceutical ingredient itself. While propylene glycol (PG)
is widely used and generally considered to be a well-tolerated excipient, there are documented reports of PG allergy. As data on the allergic
potential of PG in parenteral formulations are limited, we investigated
the potential for PG to cause hypersensitivity reactions following parenteral administration. A total of 18 PG-containing small molecule products were identified through a database search and label/monograph
review. Adverse event databases were then searched to estimate the
incidence of serious hypersensitivity reactions (e.g., anaphylaxis) that
were associated with the use of these products. In the European database of adverse events, hypersensitivity reactions accounted for 0.76%
to 25% of adverse event reports for each drug product. Adverse event

reporting does not allow for a determination of causation or a definitive incidence value (as the numbers of exposed patients are unknown).
Thus, to provide further insight into the likelihood of hypersensitivity
to PG, other data sources (e.g., product monographs) were evaluated
for comparison purposes. Rates of hypersensitivity reported in the secondary sources were limited, but ranged from 0.06% to 2% in clinical
trials. Notably, the incidence values calculated from adverse event databases and from secondary sources were generally much higher than the
estimated PG allergy rate that is estimated from the published literature
(0.02% to 0.05% of adults and 0.1% of children, once corrected for the
incidence of atopic dermatitis in the general population). The incidence
of skin reactions reported for some of the selected parenteral products
was also explored. Generally, skin reaction reports were more numerous
than serious hypersensitivity reactions. Given the large difference in
hypersensitivity incidence among the products of interest, it is highly
likely that hypersensitivity reactions for the evaluated drug products
are due to the drug substance or other aspects of the product formulation rather than PG content. This work suggests that PG in parenteral
products is not expected to be associated with high rates of hypersensitivity reactions and that allergic responses to parenteral PG would be
expected to be limited to dermal findings.

2815 Smart Clustering: A New Approach to Prioritizing
Toxicological Literature for Systematic Review

M. Cawley, J. Wignall, and A. Varghese. ICF, Durham, NC.
Text analytics has rapidly emerged as an invaluable aid to toxicologists
engaged in systematic literature review. Previous work has empirically
demonstrated the substantial efficiencies associated with the use of
machine learning and clustering algorithms in prioritizing literature for
systematic review compared with a traditional manual approach. In this
study, we present an innovative clustering algorithm that addresses
important limitations of standard approaches. Standard clustering algorithms including Latent Dirichlet Allocation (LDA), non-negative matrix
factorization, and k-Means clustering require users to guess the true
number of topics or clusters in a body of literature. Further, standard
methods provide the user with no control over where clusters center.
For users focused on retrieving literature related to a specific topic,
these limitations necessitate trial-and-error iterations until the topic of
interest is identifiable in a focused set of clusters. We present a method
that deliberately aligns the center of a single cluster with the user’s topic
of interest. Users specify a small set of keywords highly relevant to their
topic that are used to automatically generate additional keywords and
phrases associated with the topic using semantic similarity algorithms.
Users then curate the suggested topic words to define a final list. Our
“smart clustering” algorithm automatically weights the final list of topic
words and ranks each document in the body of literature in terms of
relevance to the topic. We test the retrieval efficiency of this method
against standard methods using a labelled dataset of articles related to
risk assessment. Our smart clustering algorithm improved precision and
recall by approximately 10 percentage points (based on initial keywords
and weighting choices) compared to the standard algorithms to reach
recall of 95% and precision of nearly 75%. We conclude that the use
of this novel algorithm could offer significant time and cost savings to
toxicologists engaged in systematic literature review in support of regulatory or commercial risk assessments.

2816 Development of an Evidence Integration

Framework for a Weight of Evidence Analysis
to Integrate Epidemiological and Toxicological
Data

S. Rogers3, S. Sulsky1, T. Greene3, G. Mariano2, F. Chowdhury2,
A. Franzen3, and P. R. Gentry3. 1Ramboll Environ, Amherst, MA;
2Ramboll Environ, Arlington, VA; and 3Ramboll Environ, Monroe,
LA.
Weight of Evidence (WOE) analyses aim to integrate toxicological and
epidemiological data to determine the potential for a chemical or substance to cause a specific health effect in humans. To date, approaches
for identifying and integrating key data have relied largely on subjective
judgements, making reliable application of WOE methods challenging.
They have also tended to ignore study quality, allowing flawed data to
influence causal inferences. This Evidence Integration Framework (EIF)
provides a more objective, complete system for WOE analyses. The
EIF uses data from studies identified from comprehensive, systematic
searches of the epidemiological and toxicological literature, including in
vivo and in vitro studies. Each relevant publication is critically reviewed
and scored based on predefined study quality criteria. The best quality
subsets are identified, and data are then organized using two different
schemes. The “Top Down” scheme uses current knowledge of the
pathophysiology of each human health endpoint reported from the
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only the chlorine-containing GSH conjugate behind. Due to the relative reactivity of the bromine versus the chlorine leaving group during
GSH conjugation, DBCP and DBE are better metabolic surrogates for
BCE than is DCE. These metabolic differences inform observed differences in toxicity among the candidate surrogates. Testicular toxicity was
identified as a critical effect in rodent studies for DBE and DBCP, but not
DCE. This effect has been shown to be mediated by the GSH conjugation
pathway for DBCP. Reactive episulfonium metabolites of DBCP produce
testicular DNA damage, resulting in testicular necrosis and atrophy at
higher doses, and in turn, impaired spermatogenesis and prolonged oligospermia. The absence of testicular toxicity following oral exposure to
DCE may be attributed to a slower GSH conjugation rate and reduced
episulfonium formation. Based on the expected similar rate of formation
of episulfonium ion for BCE and the brominated candidate surrogates,
and the role of episulfonium ion in producing testicular toxicity, the critical testicular effects observed for these compounds are plausible for
BCE as well. The views expressed in this abstract are those of the authors
and do not necessarily reflect the views and policies of the US EPA.

best available epidemiological studies to organize the toxicological
data. The relevance of the toxicological data to the human health endpoint is determined based on the chemical’s mode of action combined
with the disease pathophysiology. The “Bottom Up” scheme focuses on
the chemical’s mechanism of effect, with the epidemiological data providing corroboration or no corroboration that the chemical may play a
causal role in the development of the human health endpoint. The EIF
includes a cross-classification scheme to describe the concordance of
the data, which allows the investigator to integrate all information to
assess whether or not the WOE suggests an effect and to characterize
the uncertainty in the data. The EIF thus highlights knowledge gaps,
demonstrates that different conclusions may be drawn depending on
the organization of the data, and especially, shows the impact of uncertainties on the strength of causal inference.

2817 A Text Analytics Approach to Support Adverse
Outcome Pathway Development

R. Blain, A. Engstrom, and A. Varghese. ICF, Durham,, NC.
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Adverse outcome pathways (AOPs) are conceptual frameworks to evaluate how biological perturbations (molecular initiating event or MIEs)
generate impacts (key events) through the molecular, cellular and organ
levels towards an adverse outcome relevant to risk assessment. AOPs
can be constructed by means of top-down and bottom-up paradigms.
Top-down approaches are hypothesis-driven, must be supported by
weight-of-evidence, and are frequently resource intensive. Bottom-up
approaches are empirical, driven by computational models, and have
the potential to be spurious or not relevant. Literature review can be
an important part of validating bottom-up approaches to AOP development. In this study, we propose a text analytics approach to identify literature to help validate computationally hypothesized AOPs. For
each of 7 endorsed AOPs listed on the AOPWiki.org website, we developed a combined list of corresponding MIEs, key events, and adverse
outcomes, besides extracting the cited reference list for each AOP. For
corresponding MIE-key event pairs, we queried a library of 156,000 toxicology abstracts from the PubMed database using proximity search,
lexical extraction, and semantic similarity algorithms to flag abstracts
that potentially contain evidence of association between each MIE, key
event, and adverse outcome. We deployed the same analytics algorithms using full text articles to account for the possibility that key terms
relevant to the AOP may not figure in abstracts. For each approach,
we compared the literature identified by our text analytics algorithms
with the studies actually cited in the AOPs. Our retrieval rate metrics
ranged from a recall of 45% to 95% with precision ranging from 5% to
60%. We discuss the interpretation of these metrics, the efficacy of our
method, limitations of this experiment, and propose best practices to
identify literature in support of hypothesized AOPs. In conclusion, we
discuss approaches and challenges in developing an advanced natural
language processing-based named entity recognition (NER) algorithm
capable of automatically labeling MIEs, key events, and adverse outcomes in a text document.

2818 Enabling Evidence-Based Toxicology with

in screening burden improved to 71%. In addition, to simulate a review
update scenario, several of these datasets were divided into studies
occurring before and after a chosen publication date, with studies occurring after the cut-off date used to simulate a review update. When AL
models were seeded with screening results from the original review, we
observed an additional 33% reduction in screening burden above the
savings achieved when using AL without seed. In all of these cases, the
recall obtained was 100%. Although the cost of producing and updating
an SR can be substantial, these results demonstrate that Active Screener
can significantly reduce the time and cost associated with these tasks
without compromising the accuracy of the review.

2819 Validation and Application of a Text Mining

Tool in the Identification and Categorization of
Mechanistic Data: A Case Study in Improving
Problem Formulation for Carcinogenicity
Assessments

G. Chappell2, B. Welsh2, S. Harvey3, M. Harris3, and D. Wikoff1.
1ToxStrategies, Asheville, NC; 2ToxStrategies, Austin, TX; and
3ToxStrategies, Katy, TX.
As the role of systematic literature review increases in the field of toxicology, efforts to establish methodology and best practices are ongoing.
To this end, we assessed the utility of a text-mining and machine
learning tool (SWIFT) in the characterization of mechanistic data associated with carcinogenic endpoints using the Ten Key Characteristics
of Carcinogens (TKCC) organizational approach. Objectives included:
1) assess the of utility of SWIFT in characterizing mechanistic information from peer reviewed literature using previously-conducted systematic reviews that employed the TKCC approach, and 2) assess TKCC as a
problem formulation tool via a validated text mining approach within
SWIFT. Using agents that have been classified in different groups by the
International Agency for Research on Cancer for case studies, we found
that applying a text mining strategy within SWIFT aided in title/abstract
screening following a broad search for individual agents. This method
returned an average of ~90% of the TKCC-relevant studies that were
previously identified by an analyst, suggesting its utility as a problem
formulation tool. We also found that optimization of the search syntax
was critical; utilization of internally-developed search strings identified
different subsets of papers compared to SWIFT’s built-in carcinogen-relevant categorization (e.g., 71 vs 13 papers, respectively, out of the 100
analyst-identified studies for TKCC #8 “Modulates receptor-mediated
effects” for one of the agents). This highlights the critical nature of transparency in literature identification. Regarding the second objective, the
overall profiles of categorized studies according to the TKCC varied considerably across different agents (e.g., each TKCC included 3-17% of all
studies for one Group 2B agent, while 54% of all studies were categorized as one of two TKCC for a Group 2A agent). Collectively, our findings demonstrate the potential utility of computational tools to support
problem formulation, though ultimately underscore the importance
of evaluation beyond TKCC categorization. These efforts also highlight
the continued need for comprehensively and transparently identifying
appropriate literature for chemical risk assessment.

SWIFT-Active Screener

R. Shah. Sciome LLC, Research Triangle Park, NC.
Evidence-based toxicology employs the rigorous and transparent methodologies of Systematic Review (SR) in order to synthesize and reach
consensus about targeted questions related to the health effects of
environmentally important chemicals. A critical and time-consuming
step in this process is screening the available literature to select relevant studies for further analysis. Due to the intensive effort required to
produce a systematic review, it is also an unfortunate fact that many SRs
are outdated even before they are published; in order to remain relevant, systematic reviews must be continually updated as new research
becomes available. We have recently evaluated our collaborative, webbased screening tool, SWIFT-Active Screener, in order to assess its ability
to reduce the overall screening burden associated with creating and
maintaining a systematic review. By employing a machine learning
methodology called “Active Learning” (AL), and through a novel statistical method that can accurately estimate the percent of relevant
studies screened, Active Screener can significantly reduce the overall
screening burden compared to traditional approaches. Furthermore,
when the screening results from the original review are used as a “seed”
to bootstrap active learning, Active Screener can also achieve significant
additional savings during review update. Here we present the results
of an evaluation where Active Screener was tested on 20 diverse systematic reviews in which human reviewers have previously screened,
in total, more than 115,000 titles and abstracts. Compared to traditional screening, this method resulted in an average 54% reduction in
screening burden, while still achieving 95% recall or higher; when tested
on a subset of the 13 studies containing >1,000 articles, the reduction

2820 Framework for Quantitative Consideration of

Study Quality and Relevance in the Systematic
Evaluation of Mechanistic Data per the Ten Key
Characteristics of Carcinogens

D. S. Wikoff1, J. Rager2, S. Harvey4, L. Haws2, G. Chappell2, and S.
Borghoff3. 1ToxStrategies, Asheville, NC; 2ToxStrategies, Austin, TX;
3ToxStrategies, Cary, NC; and 4ToxStrategies, Katy, TX.
A commonly cited challenge in the use of the systematic review in toxicology is the evaluation and integration of mechanistic data. Recently,
the Ten Key Characteristics of Carcinogens (TKCC) have been proposed
as an organizational approach for the evaluation of mechanistic data
related to carcinogenicity. However, considerations of data quality as
well as relevance to carcinogenic outcomes are needed to advance
the application of such an approach for use in risk assessment. In this
study, a framework for carrying out assessment of these elements was
developed. The proposed framework has three components (reliability,
strength, and activity) which are quantitatively evaluated using a mathematical algorithm to provide an overall score for each KCC. Scores are
then interpreted and categorized as weak/moderate/strong. Reliability
scores provide a measure of study quality (internal validity); scoring is
based on the Klimisch scoring approach with modifications for mechanistic data (e.g., cytotoxicity, solubility). Strength scores provide a
measure of relevance for each model (external validity) used to characterize applicability to evaluation of carcinogenicity in humans; this
component considers both the number of models and the number of
assays. Activity scores account for active/inactive results on a per-end-

2821 Texas Commission on Environmental Quality
Guidelines for Systematic Review: Ethylene
Glycol Case Study

H. Reddick Schaefer, and J. Myers. Texas Commission on
Environmental Quality, Austin, TX.
The Texas Commission on Environmental Quality (TCEQ) developed
guidance to provide information on conducting systematic reviews
during the development of chemical-specific toxicity factors. The framework supplements TCEQ’s 2015 published regulatory guidelines on
deriving toxicity factors and were developed specifically for use by the
TCEQ. We present a case study using ethylene glycol as an example of
how systematic review methods can be applied during the development of chemical-specific toxicity factors. Building from existing methodologies, the TCEQ systematic review process includes six steps: 1)
Problem Formulation; 2) Systematic Literature Review and Selection of
Studies for Inclusion; 3) Data Extraction; 4) Study Quality and Risk of Bias
Assessment; 5) Evidence Integration and Endpoint Determination; and
6) Rating the Confidence in the Body of Evidence. For ethylene glycol,
publically available databases were searched using explicitly stated
search criteria, which resulted in 106 references. The selected studies
were imported into the Health Assessment Workspace Collaborative
(HAWC) systematic literature review tool. Each title and abstract were
reviewed for relevance and tagged for either inclusion (human, animal,
or mechanistic) or exclusion (not a relevant/applicable study) based on
predetermined criteria. The pool of available data was narrowed down
to 18 included studies: 7 human studies, 6 animal studies, and 5 mechanistic/in vitro studies. Identified studies were reviewed in detail and
the primary data was extracted for potential use in the development
of the toxicity factor. Each study was also evaluated for study quality
and risk of bias based on a number of attributes determined prior to
the review. After addressing the study quality and risk of bias for each
of the selected studies, the information from each of the data streams
(human, animal, mechanistic) was compiled together and assessed
for use as key, supporting, and informative studies. Using a qualitative
ranking system of low, medium, or high confidence, the confidence and
uncertainty for each aspect or element of the toxicity assessment was
rated. Further case studies are necessary to confirm and clarify the utility
of the TCEQ systematic review guidelines. Each step of the systematic
literature review and evidence integration process plays an important
role in improving confidence and transparency in the development of
toxicity factors.

2822 Cleaning and Asthma: A Systematic Review and
Approach for Effective Safety Assessment

A. Maier, M. Vincent, and A. Parker. University of Cincinnati College
of Medicine, Cincinnati, OH.
Asthma is a complex syndrome with diverse etiologies. The number of
affected individuals is increasing, although the reasons for the observed
increase in asthma prevalence are uncertain. Some research has indicated a correlative relationship between asthma induction and exacerbation and the use of consumer products, such as cleaning agents.
We conducted a systematic review of epidemiology literature to determine if individuals who actively use cleaning products are at increased
risk for asthma or asthma-like symptoms during their lifetime. A scoring
method for assessing the reliability of each reviewed study is presented.
The review identified a large body of epidemiology research that indicates a weak association between asthma or asthma-like syndromes and
the use of cleaning products. However, no study, to date, has quantitatively linked cleaning product exposures to asthmatic responses. This
lack of quantitative dose-response information impedes determination
of causal relationships in a chemical safety assessment. These limitations in the epidemiology database, as well as a lack of robust animal
models for toxicological assessment of asthma, create the need for a
weight-of-evidence (WoE) approach to examine the asthma potential of individual ingredients or products. Data on asthma, respiratory

and dermal sensitization, and irritation potential in both humans and
animals were organized through a systematic, hierarchical framework.
The WoE conclusions are then qualitatively categorized using hazard
bands to establish a specific product or ingredient’s potential for asthma
induction. The goal of this work is to provide a method for prioritizing
chemicals as a first step for quantitative and scenario-specific safety
assessments. Acetic acid is used as a case study to demonstrate this
framework.

2823 The Adverse Outcome Pathway for Mucus
Hypersecretion in Chronic Bronchitis

K. Luettich2, M. Talikka2, F. J. Lowe1, L. E. E. Haswell1, M. Gaca1,
and J. Hoeng2. 1British American Tobacco, Southampton, United
Kingdom; and 2Philip Morris International, Neuchatel, Switzerland.
Chronic obstructive pulmonary disease (COPD) is one of the adverse
outcomes resulting from cigarette smoking and manifests as obstruction of the small airways, chronic bronchitis, or emphysema. There is a
need to establish a mechanistic understanding of COPD development
in response to chronic exposure to inhaled toxicants for risk assessment
and regulatory decision-making. The Adverse Outcome Pathway (AOP)
framework provides a means to outline a knowledge-driven sequence
of events from exposure to adverse outcome. Here, we describe an AOP
for EGFR mediated mucus hypersecretion that leads to chronic bronchitis and COPD. The AOP is based on existing experimental findings
with the activation of EGFR by its ligands in response to oxidative stress
as the molecular initiating event. In response to EGFR activation, the key
events (KEs) include decreased apoptosis of ciliated epithelial cells, mediated by PI3K/AKT signaling, transdifferentiation of ciliated cells into goblet
cells by IL-4 and IL-13, and increased goblet cell proliferation. These KEs
lead to goblet cell hyperplasia or metaplasia. Additionally, EGFR stimulation leads to the activation of SP1 that upregulates Muc5Ac gene,
increasing mucin production by goblet cells. Together these processes
ultimately result in mucus hypersecretion that, when chronic, results in
impaired lung function and COPD diagnosis. We describe the biological plausibility of the AOP and the weight of evidence supporting the
KEs and the key even relationships (KERs). Finally, we have evaluated
the mechanisms described in the AOP with transcriptomics data from
respiratory tissue of human smokers and rodents exposed to cigarette
smoke. These results can be further compared to experimental in vitro
assay data in the context of this AOP, thereby also facilitating the reduction of animal experimentation in toxicological assessment.

2824 Mode-of-Action Evaluation for Ozone-Induced

Respiratory Effects through Activation of Neural
Reflexes

R. L. Prueitt2, and J. E. Goodman1. 1Gradient, Cambridge, MA; and
2Gradient, Seattle, WA.
Epidemiology and controlled human exposure studies have consistently
reported associations between elevated levels of ozone and a variety
of respiratory health effects, including lung function decrements and
airway inflammation. Although a mode of action (MoA) for these effects
has not been established, it has been proposed that they may occur
through ozone-induced activation of neural reflexes. We conducted an
analysis of experimental studies of ozone exposure and neural reflex
activation and applied the International Programme on Chemical Safety
mode-of-action/human relevance framework to evaluate whether they
support a biologically plausible, human-relevant MoA for the respiratory effects of ozone. We focused on the outcomes of lung function
decrements, respiratory symptoms, and neutrophil influx (as a marker
for ozone-induced airway inflammation). We evaluated whether these
outcomes were associated with two key later events in the proposed
MoA: (1) activation of bronchopulmonary C-fibers to produce reflex
responses and (2) arachidonic acid metabolism to produce inflammatory mediators. We found that studies in humans and experimental
animals provide relatively consistent evidence that ozone-induced rapid
shallow breathing, lung function decrements, and respiratory symptoms are mediated by neural receptors and that eicosanoid production
is involved in mediating lung function decrements. The evidence for
ozone-induced airway inflammation is less consistent. Although current
experimental evidence indicates neural reflex activation is a biologically
plausible MoA for the endpoint of ozone-induced lung function decrements at high ozone exposures, further studies are needed regarding
the relevance of this MoA at lower exposures. A role for the proposed
MoA in ozone-induced airway inflammation is less plausible, given the
conflicting evidence, and is also of unclear relevance, given the lack of
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point basis. The algorithm allows for flexibility in component weighting,
and the scoring approach allows for the incorporation of many study
types, including HTS data. Subsequently, data are considered relative to
animal and human evidence streams and to tumor responses (including
plausibility and adverse outcome pathways). Application to mechanistic
datasets demonstrates that the framework can be applied to individual
studies more rapidly than existing approaches, and that simple categorization of data by TKCC are not alone sufficient. Results also demonstrate
that a priori definitions of data included within each KCC are required.
The framework provides a quantitative approach that accommodates
data quality and relevance, thus increasing the utility of TKCC, as well as
providing a transparent and reproducible process (i.e., reduced bias) for
assessment of mechanistic data in systematic reviews.

studies at low exposures. Our analysis suggests ozone-induced inflammation is likely modulated by a different MoA that may still be linked to
the key events noted above, such that neural reflex activation may have
an indirect role in modulating ozone-induced neutrophil influx into the
airways.

2825 Adverse Outcome Pathway (AOP) for ICL2-

Mediated Respiratory Epithelial Dysregulation
and Remodeling Demonstrated by Inhaled
Ozone and Chlorine

A. Jarabek2, and J. R. Harkema1. 1Michigan State University,
Lansing, MI; and 2US EPA, Research Triangle Park, NC.

430
SOT 2017 Annual Meeting

Emerging evidence implicates an interaction between airway epithelial
cells (AEC) and innate lymphoid cells (ILCs) as a driver of chronic respiratory disease. In response to stimulation, AEC release “alarmins” or the
cytokines IL-25 (a.k.a. IL-17E), IL-33, and thymic stromal lymphopoietin
(TSLP) which activate Group 2 ILCs (ICL2) to produce IL-4, IL-5, eotaxin,
and IL-13. These first induce an eosinophilic rhinitis while IL-13 expression along with mucus genes result in mucus cell metaplasia (MCM).
Generation of Ym1/2 proteins within the nasal epithelium (NE) act as a
chemotactic agent for eosinophils (EOS) which release cationic proteins
that induce NE cells to synthesize remodeling molecules, with subsequent epithelial hyperplasia and remodeling. This remodeling results
in altered airway function. We propose an adverse outcome pathway
(AOP) based on mucosal immune homeostasis dysregulation due to
damage of AEC by oxidant gases and mediated by ILC2 cells. Analyzing
comparative data (human, laboratory animal, ex vivo and in vitro assays)
for both chlorine and ozone to substantiate key events (KEs), we demonstrate the temporal development, nature of inflammatory cell infiltration, mucosal epithelial remodeling and localized cytokine expression
involved. Dosimetry is an important component of the mode of action
(MOA) for each gas, determined by its physicochemical properties
(e.g., solubility) and the airway anatomy and ventilation rate of the test
species (e.g., mice or humans) used. Mass transfer reactions include
convection, airflow molecular diffusivity, and initial cytosol reactions.
The nature of the exposure (e.g., concentration and duration) influences
dosimetry and subsequent epithelial injury (e.g., location and severity).
After hydrolysis in the epithelial lining fluid and depletion of soluble
anti-oxidants, the AOP consists of these KEs: oxidation of biological molecules; injury of AEC; release of alarmins; PMN infiltration, EOS recruitment, rhinitis and inflammation; hypertrophy/hyperplasia and MCM;
propagated epithelial remodeling; and resultant altered airway function. This proposed AOP and MOA approach serves as a useful mechanistic scaffold for the evaluation and evidence integration for other
oxidant gases. (The views in this abstract are those of the authors and do
not represent the views or policies of the US EPA).

2826 A Mechanistic Approach Using Adverse Outcome
Pathways (AOPs) to Aid Design of In Vitro
Inhalation Testing

Clippinger1,

Angrish2,

Sharma1,

Jarabek2. 1PETA

A. J.
M.
M.
and A.
International Science Consortium Ltd, Norfolk, VA; and 2US EPA,
Research Triangle Park, NC.

Testing approaches that frame mechanistic data within human toxicity
pathways are needed to better understand observational toxicity data,
accurately estimate the probability that a chemical will cause harmful
effects, and effectively design substances that are less hazardous to
humans. The route of exposure is an especially important consideration
when evaluating potential toxicity. The inhalation route of exposure
is particularly challenging to characterize as the respiratory tract is a
complex portal-of-entry for both delivery and toxicity of chemicals. Here
we demonstrate an approach using the adverse outcome pathways
(AOPs) framework as a mechanistic scaffold to identify critical determinants of toxicity and thereby aid the design of intelligent testing strategies for various inhaled hazardous air pollutants (HAPs). The approach is
applied to two HAPs (chlorine and vinyl chloride) with dramatically different physicochemical properties and proposed AOPs. Various extant
inhalation toxicity data (human, animal, ex vivo, and in vitro) were collated, curated, and categorized according to their reliability to describe
critical key events (KE) within each AOP. The degree of characterization
for the relevant toxicokinetic or toxicodynamic processes, which determine the concentration and duration dependencies of the observed KE
in the AOP, were also evaluated. These characterizations combined with
chemical property information helped to identify data gaps along the
AOP. These data gaps, together with the coherency, concordance and
strength of the KE relationships from various data sources are used to
describe the relevancy of the AOP and thereby also target strategies
for in vitro and in silico testing. Thus, this approach uses the AOP as a
mechanistic scaffold for generalizing and applying these observations

to testing strategies for similar HAPs. Aided by this approach, such strategies will provide human-relevant mechanistic information that can be
used to better understand human health and advance the application
of in vitro data to inform assessment of potential inhalation toxicity.
(The views in this abstract are those of the authors and do not represent the
views or policies of the US EPA).

2827 Cross-Species Integration of Human Health

and Ecological Endpoints Using the Aggregate
Exposure Pathway (AEP) and Adverse Outcome
Pathway (AOP) Frameworks to Advance Risk
Assessment

D. E. Hines, S. W. Edwards, R. B. Conolly, and A. M. Jarabek. US
EPA, Durham, NC.
Exposure to environmental contaminants can influence the health
of both human and ecological receptors. Chemical risk assessment
methods combine exposure and toxicity data to estimate the likelihood
of adverse outcomes (AOs), but holistic evaluation of risk across species
remains a challenge due to physiological differences among affected
organisms, diversity of endpoints, and the range of relevant exposure
mechanisms. This work applies the Aggregate Exposure Pathway (AEP)
and Adverse Outcome Pathway (AOP) frameworks to evaluate risks
from exposure to a single chemical across multiple endpoints in multiple taxa. We present a case study using perchlorate (ClO4-), a known
inhibitor of the sodium-iodide symporter (NIS) that is associated with
well-documented AOPs affecting the hypothalamic-pituitary-thyroid
axis in multiple species, to demonstrate how AEPs and AOPs can be
linked to provide a source-to-outcome construct for risk assessment in
humans, fish, birds, amphibians, terrestrial mammals, terrestrial invertebrates, and aquatic invertebrates. Altered fetal development was examined as a human health AO of ClO4- exposure and subsequent NIS inhibition, while decreased fecundity, altered growth, gross anomalies, and
mortality were examined as assessment AOs for non-human species.
Environmental exposure data were available for the species examined
in this study, therefore and these linkages were represented through an
integrative model. Risk of adverse outcome for each endpoint was evaluated using dose-response data as available, and species-specific physiologically based pharmacokinetic models were used to link exposure
data to target tissue dose and risk when necessary. ToxPi visualization
was used to represent species-specific risk. The results demonstrate how
an AEP-AOP-risk construct can facilitate the application of mechanistic
data to identify vulnerable species, highlight data gaps and uncertainties, and characterize risk for multiple outcomes. This study provides
an initial step toward a formal procedure for the integration of human
health and ecological wellbeing to advance risk assessment. The views
expressed in this poster are those of the authors and do not necessarily
reflect the views or policies of the US EPA.

2828 Application of Quantitative Adverse Outcome
Pathways to Rapid Screening for Adverse
Outcome

R. B. Conolly6, G. T. Ankley4, W. Cheng3, M. Mayo2, D. H. Miller5, E.
J. Perkins2, D. L. Villeneuve4, and K. H. Watanabe1. 1Arizona State
University, Glendale, AZ; 2US Army, Vicksburg, MS; 3US EPA, Chapel
Hill, NC; 4US EPA, Duluth, MN; 5US EPA, Grosse Isle, MI; and 6US EPA,
Research Triangle Park, NC.
“Read across” of a quantitative adverse outcome pathway (qAOP) developed with data for one chemical can be used to screen impacts of other
chemicals. We developed a qAOP starting with inhibition of CYP19A
(aromatase) in fathead minnows (FHM) as the molecular initiating event
(MIE) and ending with a decline in population as the adverse outcome
(AO). Plasma estradiol (E2), plasma vitellogenin (VTG), and egg production (fecundity) are intermediate key events (KEs). VTG is an egg yolk
precursor essential to fecundity. Data to identify quantitative KE relationships were obtained from concentration-response and time-course
experiments using the model aromatase inhibitor fadrozole. These
experiments identified compensatory/adaptive changes, including
induction of aromatase and alterations in VTG dynamics, which were
coded into the KE relationships. While the qAOP can predict time-dependent changes in KEs and the AO associated with compensation, simulation of continuous exposures of at least 4 days allows the qAOP to
reach a new, albeit stressed, steady state. Concentration-response simulations run to steady state support development of “response-response”
(RR) plots where changes in the MIE, KEs, and AO are plotted relative
to each other. These RR plots allow rapid, semi-quantitative evaluation
of effects on the AO without having to run the qAOP in the computer.
Read-across of the RR plots shows that, at steady state, FHM exposure
to 2.3 μg/L fadrozole was predicted to inhibit aromatase activity by 50%,
reduce plasma E2 by 30%, plasma VTG by about 80%, average fecun-

2829 Screening-Level Risk Assessment of Hydrogen
Fluoride Exposure Resulting from a Thermal
Runaway Event on an Aircraft

J. J. Keenan, J. Bare, C. McMenamy, A. Chapman, and E. Miller.
Cardno ChemRisk, Arlington, VA.
Thermal runaway is a failure mode in lithium-ion (Li-ion) batteries, which
occurs when exothermic reactions between the electrolyte, anode,
and cathode are induced by short-circuiting, excessive heat, or physical distress, such as crushing or puncture. Thermal runaway in cellular
devices utilizing Li-ion batteries have in recent years been of concern
to the Federal Aviation Administration (FAA) and passengers of commercial aircraft. In September of 2016, the FAA strongly advised passengers to avoid charging, stowing or using specific cellular devices.
Aside from the apparent physical hazards in the immediate area of a
thermal runaway event, a potential risk exists from chemicals generated by the reaction, one of which is hydrogen fluoride (HF). This analysis aimed to assess exposure and analyze the risk associated with HF
release during a cellular thermal runaway event on an airplane. In order
to determine fluorine mass content in a Li-ion cell phone battery, the
percent of fluorine-containing compounds and masses of various cellular Li-ion batteries were compiled from manufacturers’ material safety
data and specification sheets. Percent fluorine was calculated for each
compound and subsequently used to determine the total mass fraction
of fluorine in batteries. Conservative 90th percentiles of fluorine mass
fraction and cell phone battery mass were calculated to determine a 90th
percentile fluorine mass of a representative Li-ion cell phone battery. A
well-mixed box model was then used to conservatively estimate the airborne concentration of HF on a commercial airplane, assuming that the
entire mass of fluorine in the cell battery reacted with hydrogen in the
ambient air. The well-mixed box model in American Industrial Hygiene
Association’s IH Mod was chosen for this screening-level analysis. Most
modeled peak concentrations fell below the US EPA Acute Exposure
Guideline Level 1 (AEGL) of 1 ppm for HF. A modeled peak concentration
of 4.28 ppm at 10 minutes following the event did, however, exceed this
value, but fell below the AEGL-2 for HF, indicating that any health effects
experienced by passengers and crew would be transient and reversible.
Overall, heath effects due to HF exposure are unlikely during a cellular
thermal runaway event on a commercial aircraft because of the conservative assumptions used in our screening level risk assessment.

2830 Inhalation Risk Assessment of β-Ionone for an
Amusement Park Ride

B. Wang, and M. H. Whittaker. ToxServices LLC, Washington, DC.
β-Ionone is a terpene compound that imparts a floral, woody, and
fruity odor. Ionones are common fragrance ingredients in shampoos,
toilet soaps, fine fragrances, as well as non-cosmetic products such as
household cleaners. In this assessment, β-ionone is used as a fragrance
ingredient in an amusement park ride. As part of the ride, fragrances are
released to match the visual sequence of video frames played during the
ride. Although β-ionone has been safely used in household products, it
is unknown if novel exposure scenarios would lead to adverse health
effects. A risk assessment was conducted to determine if exposure to
β-ionone during the ride was likely to adversely affect amusement park
guests. A literature search did not identify any human or animal data
pertaining to respiratory hypersensitivity or asthma, indicating that
β-ionone is unlikely to be a respiratory sensitizer. However, nasal effects
were observed in rats after β-ionone inhalation exposure. A two-week
repeat dose inhalation study in Sprague Dawley rats established a No
Observed Adverse Effect Concentration (NOAEC) of 79 mg/m3 and a
Lowest Observed Adverse Effect Concentration (LOAEC) of 786.5 mg/
m3 based on microscopic nasal lesions. As adverse effects were based
on local respiratory tract lesions, the NOAEC was converted to mg per kg
lung weight to represent local lung burdens as opposed to the conventional unit of mg per kg body weight. This conversion is based on minute
ventilation rates for 6 hours per day of exposure. NOAEC values were
used for adult and juvenile rats to calculate margins of exposure (MOEs)
for both populations. In the exposure assessment, worst case exposure
to β-ionone following multiple rounds of the amusement park ride is

calculated based on the use rate of fragrances and default lung weights
for adults and children. The MOEs, calculated as the ratio of NOAECs and
exposure during the ride, are approximately 20,000 and 7,300 for adults
and children, respectively. These large MOEs demonstrate that adults
and children exposed to β-ionone as part of an amusement park ride are
unlikely to experience localized airway irritation.

2831 Risk Assessment and Digestion Efficiency of
Metals in Commonly Consumed Biscuits in
Southwest Nigeria

C. T. Onwordi1,2,, A. J. Bamtefa1, A. D. Wusu1, C. N. Adiele1, A. B.
Ojekale1, and L. F. Petrik2. 1Lagos State University, Lagos, Nigeria;
and 2University of the Western Cape, Cape Town, South Africa.
The present study determined the level of metals and possible health
risks associated with the consumption of biscuits. A total of six different classes of biscuit samples, mainly crackers, cookies, shortcake,
digestives, cabin and wafers were purchased from different shops in
Lagos State, Southwest, Nigeria. Wet and dry digestion methods
were used to digest the biscuits, while metal content, viz; lead (Pb),
cadmium (Cd), nickel (Ni), cobalt (Co), copper (Cu), zinc (Zn), iron (Fe),
sodium (Na),magnesium and calcium (Ca) determination was done
using Flame Atomic Absorption Spectrometry. Estimated Daily intake
(EDI) and target hazard quotients (THQ) were used to determine the
potential health risk. The level of metal (mg/kg) contents varied upon
the methods of digestion. Wet digestion resulted in higher concentration of Pb (1.49±0.92 mg/kg), Co (0.34±0.26 mg/kg), Zn (6.1±3.9 mg/
kg), Fe (23.8±8.9 mg/kg), Na (556±130 mg/kg). Meanwhile, dry digestion
method gave higher level of Ni (0.18±0.18 mg/kg), Cu (2.03±1.1 mg/kg),
Mg (797±58 mg/kg) and Ca (3815±1200 mg/kg) of the various classes of
biscuits. The concentrations of the metals were within the safety limits
of FAO/WHO. The average intake of biscuit for adult and children were
estimated at 50 and 150 g per day respectively. The potential health risk
assessments measured based on provisional tolerable weekly in-take
(PTWI), estimated daily intake (EDI), and target hazard quotient (THQ)
suggest that there is unlikely to be any associated health risk due metal
exposure consequent upon biscuits consumption. The EDI (mg/kg) for
the metals studied in adults and children ranged between 0.00045 0.424, and 0.005-2.09 respectively. The THQ values were below one, indicating a non-carcinogenic risk of the metals analysed. The consumption
of the various brands of biscuits analysed in this study can thus be said
not to likely pose any toxicological risk of metals, as their concentrations
were below the global minimum safety levels.

2832 Risk Assessment on Inhalation Exposure to
Benzene among Gasoline Station Workers

S.
P. Suggaravetsiri1, and H. N. Autrup2. 1Khon Kaen
University, Khon Kaen, Thailand; and 2University of Aarhus,
Aarhus, Denmark.
Chaiklieng1,

Benzene is human carcinogen and present as a component in gasoline
(1% by volume), which can be evaporated into ambient air during the
fueling process at gasoline stations. The aim of this study was to assess
health risk on inhalation exposure to benzene among gasoline stations
workers. The ambient benzene concentration was measured by personal
sampling from 150 workers in gasoline stations (137 fueling workers and
13 cashiers) and analyzed by gas chromatography with a flame ionization detector. Additional data was collected via subject interviews using
a structural questionnaire. Risk assessment on inhalation exposure was
calculated following US EPA (2009) for non-cancer risk and cancer risk
of chronic exposure to benzene. The results showed that non-cancer
risk from chronic exposure to benzene was found in 51.33% of gasoline
station workers (hazard quotient (HQ) ranged from 5.710E-04 to 1.816).
The significant differences of HQ between fueling workers and cashiers
and among three located zones (urban, suburban, and rural) of gasoline stations were indicated. The cancer risk was between 1.345E-08 and
1.518E-04, that affected 70.67% of those workers for lifetime cancer risk
(>1.00E-06). These risk estimations considered at 50% inhalation uptake
of inhaled air benzene without respirator use of gasoline workers.
Therefore, the health surveillance program is recommended for gasoline
station workers by monitoring of ambient benzene concentration and
the biomarker of benzene exposure. Moreover, the employers should
support the optimum eight working hours/day at gasoline stations and
the use of P25 respirator for inhalation protection from benzene exposure.
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dity by about 80%, and FHM population after 5 years by 90%. Using
toxicity equivalent calculations to convert 1 μg/L of the environmentally relevant fungicide iprodione into an equivalent concentration of
fadrozole, read-across was predicted to result in negligible inhibition
of aromatase and, subsequently, no effects on plasma E2, plasma VTG,
average fecundity or FHM population status. These results illustrate how
resource-intensive development of a qAOP provides a capability for
rapid, semi-quantitative screening of aromatase inhibitors for effects on
the AO in FHM. This abstract does not necessarily reflect any specific policy
of the US EPA or the US ACE.

2833 Integrated, Multi-Route Proposition 65 Exposure
Assessment of DINP in Tactical Gloves

J. G. Fleischer, M. Boylan, and M. H. Whittaker. ToxServices LLC,
Washington, DC.
Manufacturers/formulators, distributors, and retailers causing exposures to substances included on California’s Proposition 65 list of substances known to the State to cause cancer or reproductive toxicity
must provide specific warnings to consumers. Notices of Violation are
issued for an increasing number and variety of consumer products that
may contain or cause exposure to one or more listed substances but do
not provide the warning. This project addressed a Notice of Violation
issued to a distributor of tactical gloves that are marketed for use
during recreational activities such as hunting or shooting and by law
enforcement personnel; analytical testing (tetrahydrofuran extraction,
GC/MS) measured diisononyl phthalate (DINP) at 11% in a functional
coating present on part of the gloves. DINP is listed as a carcinogen on
Proposition 65, based on increased incidences of liver tumors in rats and
mice and mononuclear cell leukemia in rats; California’s safe harbor no
significant risk level (NSRL) for DINP is 146 mcg/day. According to the
State of California, exposures below a NSRL do not pose a significantly
increased cancer risk and therefore have safe harbor from Proposition
65’s warning requirement. We conducted an integrated, multi-route,
quantitative exposure assessment to assess whether or not exposure to
DINP through use of the tactical gloves exceeds DINP’s NSRL. Assessed
exposure scenarios included direct dermal contact and indirect ingestion through both glove-to-mouth transfer and hand-to-food-to-mouth
transfer. Using published values and, in the absence thereof, conservative defaults for phthalate dermal absorption, phthalate release rates,
transfer coefficients, material and skin surface areas, and exposure frequency and duration, calculated DINP exposure arising from dermal
contact was 19 mcg/day; calculated indirect oral exposure due to gloveto-mouth transfer was 40.3 mcg/day; and calculated indirect oral exposure resulting from hand-to-food-to-mouth transfer was 48.3 mcg/day.
Total daily exposure to DINP through use of the gloves was 107.6 mcg/
day, which is less than DINP’s NSRL of 146 mcg/day. The distributor of
these gloves therefore has safe harbor from Proposition 65 warning
requirements for DINP.

2834 Human Health Risk Assessment of Various
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Reclaimed Substrate Materials and Landform
Types at Oil Sands Facilities

A. Wagenaar1, L. Meloche1, B. Koppe2, C. McFarland2, and C.
Daly3. 1Golder Associates Ltd., Vancouver, BC, Canada; 2Intrinsik
Corp., Calgary, AB, Canada; and 3Suncor Energy Inc., Calgary, AB,
Canada.
A Human Health Risk Assessment (HHRA) was conducted of reclamation
and closure landscapes planned for operational oil sands sites at four
facilities in Northern Alberta, Canada. The HHRA was used to determine
whether there are any potential health risks associated with people
using the current reclaimed landform plans: (a) immediately after reclamation; and (b) in the future after mine closure and reclamation certification is achieved. The HHRA was also used to develop mitigation
options to optimize and revise future reclamation landscape designs,
such as material placement, if potential health risks to people are identified. Co-located field samples were collected from various landforms
at different stages of reclamation (newly reclaimed, old reclamation
(greater than 20 yrs old) or un-reclaimed and still in operation) and substrate types to determine uptake of chemicals of potential concern into
soil, sediment, surface water, vegetation (berries, leaves and grasses)
and fish from the substrate materials. Field samples were collected to
represent dietary items consumed by people and wildlife; including traditional food items consumed by Aboriginal people. Substrate types
evaluated included regular tailings, mature fine tailings, dewatered
mature fine tailings, and sand and coke-capped consolidated tailings.
Field samples were analyzed for metals, polycyclic aromatic hydrocarbons (PAHs), petroleum hydrocarbons, benzene, ethylbenzene, toluene,
xylenes, with a subset of the samples analyzed for alkylated PAHs. In
addition, water samples were analyzed for naphthenic acids, phenols,
anions, nutrients, and conductivity. People potentially at risk that were
considered in the HHRA include representative Aboriginal and community residents that may inhabit the closure landscape seasonally for
hunting, fishing and gathering activities in future. Exposure pathways
by which people can come into contact with contaminants of potential
concern include direct contact with soil, sediment and water, and ingestion of water and traditional foods. A novel toxicity assessment was
conducted for naphthenic acids and the alkylated PAHs. Risk estimates
for each applicable substrate-landform combination and corresponding
preliminary management options, as applicable, are provided.

2835 RRF Health Risk Assessment Update and

Ambient Environmental Media Monitoring

K. M. Vetrano3, D. Murray3, G. Hunt2, S. Heim2, and B. Davidson1.
1Montgomery County, Rockville, MD; 2TRC, Lowell, MA; and 3TRC,
Windsor, CT.
During 2013-2015, TRC Environmental Corporation (TRC) was contracted by Montgomery County, MD, to update the human health risk
assessment (HHRA) and ambient environmental media monitoring previously conducted for the County’s Municipal Waste Resource Recovery
Facility (RRF) located in Dickerson, MD. The objective of the HHRA was
to update it to current AERMOD and US EPA HRRA protocols and use
all actual emissions and weather data. Scenarios included residential,
farming, fishing and Maximally Exposed Individual receptors. All calculated cancer risks were 10 to 1000 times less than the benchmark of
1E-05 while calculated non-cancer hazard indices were 10 to 600 times
less than the benchmark of 0.25–no significant RRF human health
impact. The ambient studies had the primary objective to determine
whether measurable changes occurred in the concentrations of dioxins/
furans (DF) and seven trace metals (TM) in the environment and the secondary objective to discern any inconsistencies with the HRRA. Toward
the latter objective, trend analysis, up/downwind comparison, DF congener and XRF metals fingerprinting were employed. TRC’s ambient air
and non-air media sampling programs replicated, respectively, four and
five prior monitoring programs periodically conducted by the County
since 1995, and consisted of 24 hour metals and 30-day DF samples
collected from ambient air at sites upwind and downwind of the RRF
and also sampling of hay, cow’s milk, surface water, sediment, and fish
from three farm ponds located in the vicinity of the RRF. Observed concentrations of a majority of the metals in air and non-air media were
comparable at both upwind and downwind sites, or lower downwind,
and DF concentrations likely represent background attributable to an
aggregate of combustion sources in the study area. The pattern of DF
congeners in the air samples did not reflect the pattern of DF in RRF
emissions, and neither did the XRF metals patterns in sampled air. Metal
concentrations in non-air media were consistent with concentrations
from previous sampling events and concentrations of DF in the non-air
media were generally comparable to or lower than previous sampling
events. In both air and non-air media ambient monitoring programs
there appear to be no measurable influences on ambient concentrations attributable to the RRF; and no inconsistencies with the HHRA conclusion of no significant RRF impact were indicated.

2836 Health Screening Evaluation of Speciated

Nonmethane Organic Compound Emissions at
MSW Landfills

M. R. Garry2, and M. A. Badding1. 1Exponent, Alexandria, VA; and
2Exponent, Bellevue, WA.
The number of active municipal solid waste (MSWs) landfills has
decreased in the United States over the past three decades. However,
nearly 2,000 landfills are still active and there are many more inactive
landfills. Compliance monitoring focuses on leachate and groundwater
sampling. But MSW landfills must also meet annual air emission rate
criteria for methane, carbon dioxide, and nonmethane organic compounds (NMOC), with the former two compounds being the dominant
components of landfill gas. Landfills that annually emit greater than 50
megagrams of NMOC or that operate as a bioreactor require installation
of a collection and control system. Landfills are also monitored for shortterm NMOC deviations. NMOC may contain 100s of individual organic
chemicals, but the methods used to quantify total NMOC do not distinguish between individual compounds. We compiled published data for
speciated NMOC from 14 landfills in the US and elsewhere and evaluated landfill gas concentrations relative to acute and chronic exposure
health guidance levels. Only samples collected from gas collection ports
and exhaust vents were included in the analysis. Concentrations of individual gases exceeded health guidance levels at all 14 sites included
in the analysis, with 75-100% of detected chemicals exceeding chronic
exposure guidelines by margins of exceedance ranging from single digit
to more than 10,000. Chemicals exceeding health guidelines included
aromatic (e.g., benzene, xylenes, toluene, methylbenzenes) and halogenated (e.g., benzyl chloride, chlorobenzenes, dichlorofluoromethane)
compounds. Five chemicals exceeded acute exposure guidelines, with 4
of 14 sites having exceedances. The total number of chemicals exceeding
guidelines at a given site was generally limited by the number of chemicals analyzed or reported, which ranged from 4 to 34. Health guideline
values are designed to be highly health-protective and exceedance of
a guideline does not necessarily indicate a health risk. However, given
the lack of sampling data for individual chemicals at most landfills, the
number of chemicals exceeding health guidelines when they are measured, and the large number of MSW landfills, additional attention to
speciated NMOCs is warranted in monitoring programs.

Risk Assessment of Recycled Rubber in Synthetic
Turf Applications

M. K. Peterson2, J. C. Lemay1, S. Pacheco Shubin2, and R. Prueitt2.
1Gradient, Cambridge, MA; and 2Gradient, Seattle, WA.
Although a large number of risk assessments and safety studies have
concluded that there are low or negligible risks related to exposure to
chemicals found in recycled rubber used to make synthetic turf fields,
concerns remain about the safety of this product. In response to these
concerns, a number of agencies have initiated a federal regulatory study,
and California’s Office of Environmental Health Hazard Assessment
is currently conducting a long-term study of recycled rubber infill. In
general, criticisms of existing studies focus on their limitations, which
include low sample sizes and limited evaluation of relevant exposure
pathways and scenarios. To address such concerns, we conducted a
multi-pathway human health risk assessment (HHRA) of exposures to
chemicals in recycled rubber. We compiled all the available chemical
composition data on recycled rubber from the literature as well as all the
available data related to chemical concentrations in the air above synthetic turf fields made with recycled rubber. We identified 104 studies
with potentially relevant data and incorporated these data into a database, which we then used to conduct the HHRA. We also assessed background data on exposure to chemicals in natural soil and air to provide
context for the HHRA’s results. The HHRA included nearly 200 recycled
rubber samples (including virgin samples) from more than 60 fields, in
addition to over 100 air samples from both indoor and outdoor artificial turf fields. We evaluated ingestion, dermal absorption, and inhalation pathways according to US EPA guidance, and considered multiple exposure scenarios (e.g., athletes playing on indoor and outdoor
fields, spectators). We initially conducted a screening analysis using US
EPA guidance, and for all the chemicals that did not pass the screening
evaluation, we used maximum concentrations to conduct the full multipathway HHRA. The results showed that, even using maximum concentrations, the estimated non-cancer hazards and cancer risks for all the
evaluated scenarios were below levels US EPA considers de minimis. In
addition, we found that risk levels for an athlete playing on a synthetic
turf field were comparable to those associated with playing on a natural
turf field with background levels of heavy metals and polycyclic aromatic hydrocarbons.

2839 Incorporation of Early-Life Exposure Using a

Simplified Toxicokinetic Model in the Derivation
of Health-Based Water Guidance for PFOA and
PFOS

H. Goeden. Minnesota Department of Health, St. Paul, MN.
The Minnesota Department of Health (MDH) is tasked with determining
human health risks from exposure to contaminants in drinking water.
Traditionally, risk assessment methods for deriving noncancer healthbased water concentrations involves incorporating a reference dose
(RfD), based on extrapolation from doses administered to laboratory
animals, into an algorithm containing a chronic water intake rate (liters/
kg body weight per day) and a relative source contribution factor. PFOA
and PFOS bioaccumulate in serum, cross the placenta, and are excreted
into breastmilk. Research has shown that lactational exposure can be a
major source of exposure, resulting in infant serum concentrations that
are higher than maternal concentrations. Although exposures during
infancy are short-term, this particular life-stage stands out because
infants consume a much greater volume of liquid per unit body weight
than older children and adults. In addition, due to the long half-lives,
short-term exposures during infancy result in body burdens that take
years to eliminate. In order to ensure that health-based water guidance values were adequately protective of infants, MDH evaluated two
lifetime exposure scenarios using a simple toxicokinetic model with a
high-end intake rate and first-order exponential decay. Model simulations included consumption of contaminated drinking water and consequent contamination of breastmilk. We compared lifetime serum
concentration profiles for two scenarios: 1) an infant fed with formula
reconstituted with contaminated water starting at birth, followed by
a lifetime of drinking contaminated water; and 2) a breast-fed infant
exclusively breast-fed for 9 months, followed by a lifetime of drinking
contaminated water. In both scenarios the simulated individuals began
life with a pre-existing body burden through placental transfer. Because
of the long half-life, the simulated steady-state serum concentrations in
the body were found to be higher than the concentration of the water
being consumed. Simulated breastmilk concentrations also exceeded
the drinking water concentration. The results demonstrated that the
traditional approach was largely protective for infants fed with reconstituted formula. However, modelling results indicate that lower water
concentrations may be appropriate, in particular for PFOA, in order to
avoid exceeding target human serum levels in breast-fed infants both
during and after infancy.

2838 Mechanistic Support for Nonlinear Risk

Assessment of Rat Oral Cavity Tumors Induced
by Exposure to Cr(VI) in Drinking Water

C. Thompson2, J. Rager1, M. Suh3, D. Proctor3, L. Haws1, and M.
Harris2. 1ToxStrategies, Austin, TX; 2ToxStrategies, Katy, TX; and
3ToxStrategies, Mission Viejo, CA.
Chronic exposure to hexavalent chromium [Cr(VI)] in drinking water was
previously shown to increase the incidence of oral cavity tumors in F344
rats (but not B6C3F1 mice). Exposure to 180 ppm Cr(VI) using the OECD
28+3 exposure protocol resulted in no increases in mutant frequency
(MF) in the oral mucosa of Big Blue® TgF344 rats. To further investigate
the mode of action (MOA) for oral tumors, transcriptomic responses
were modeled in oral tissue from F344 rats and B6C3F1 mice exposed
to 0.1 to 180 ppm Cr(VI) in drinking water for 7 and 90 days. Agilent
genome-wide microarray analyses identified no significant differentially
expressed genes (DEGs) after 7 or 90 days of exposure in rats (2-fold
change; ANOVA p< 0.05; false discovery rate (FDR) corrected q<0.05). In
mice, 14 and 1 DEGs were respectively identified after 7 and 90 days of
exposure. Therefore, relaxed statistical criteria (1.5-fold change; ANOVA
p<0.05 with no FDR q-value filter) were employed to identify potential
DEGs (pDEGs) followed by high throughput benchmark dose (BMD)
modeling to identify dose-responsive pDEGs. In rats, 288 and 168 pDEGs
were identified, of which 20 and 7 were dose-responsive. No significant
pathway enrichment was obtained with all pDEGs or dose-responsive
pDEGs. Similar results were obtained in mice. Together, the transcriptomic and in vivo mutation analyses indicate a negligible cellular/molecular response to Cr(VI) in the oral mucosa of rats and mice exposed to
up to 180 ppm Cr(VI) for up to 90 days. Benchmark dose modeling of
oral tumor incidence in rats indicate points of departure equivalent to
~100 ppm Cr(VI). Environmental levels of Cr(VI) are ~0.001 ppm. Based
on exposure estimates, margin of exposure (MOE) calculations are
~100,000. These findings support non-linear approaches for deriving
toxicity criteria based on the oral tumors in rats.

2840 Quantitative Risk Assessment (QRA) for Allergic
Contact Dermatitis (ACD) with the Use of
Novel Isothiazolinone Chemistry in Household
Detergents with Consideration of CrossReactivity

S. Hindle, and S. Krieger. The Dow Chemical Company, Midland,
MI.
Preservatives such as isothiazolinones play an important role in maintaining the quality, performance and safety of household products but
may possess inherent hazards which must be assessed to ensure safety in
the end-use applications. mBIT (2-methyl-1,2-benziothiazolin-3-one) is a
novel isothiazolinone (IT) biocide proposed for use in household detergents and, as with all IT’s, is a dermal sensitizer. Given concerns regarding
the use of dermal sensitizers in consumer products, due to an increasing
prevalence of ACD in clinical populations, QRA approaches have been
developed that are aimed at prevention of ACD. The approach involves
the development of product specific Acceptable Exposure Limits (AEL)
by application of assessment factors (AF) for the end use scenario that
are then compared to the exposure assessment values to allow for
determination of risk. In this assessment, exposure levels resulting from
the use of mBIT at 350 ppm in a variety of household care products were
assessed and compared with the AEL for each product type considered.
The AEL values were calculated by applying product-specific AFs to the
No Expected Sensitizing Induction Level (NESIL) of 30 µg/cm2 for mBIT
derived from Human Repeated Insult Patch Test (HRIPT) studies. AFs
ranged from 10-100 depending on matrix, frequency of use, duration
and site of exposure and the exposure levels were calculated using
default values for worst-case scenarios. In addition, given the rise in the
rate of 2-methyl-4-isothiazolin-3-one (MIT) sensitization and concerns
of cross-reactivity between ITs, a further assessment was performed to
assess the risk of mBIT-mediated elicitation in MIT-sensitized individuals. mBIT exposure levels were compared to the highest dose reported
not to elicit reactions in MIT allergic individuals (i.e. 0.441 µg/cm2). The
assessment is conservative and concludes that the mBIT use levels are
acceptable in household detergents even with inclusion of concerns for
cross-reactivity. Overall, this case-study highlights the appropriate considerations for application of QRA approaches for assessment of dermal
sensitizers in household products and concludes that mBIT can be used
safely in these end-use applications.
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2841 The Environmental Concentration of Medicinal
Chemicals for Human Use in Urban Rivers in
Japan and the Risk Assessment

T. Nishimura2, Y. Kosugi3, K. Watanabe3, A. Hirose1, and T.
Suzuki3. 1National Institute of Health Sciences, Tokyo, Japan;
2Teikyo Heisei University, Tokyo, Japan; and 3Tokyo Metropolitan
Institute of Public Health, Tokyo, Japan.
Chemicals used as the active ingredients in medicines discharge into
the aquatic environment by proper usage. Although the amounts of
these chemicals might be minute, it has been feared affect derived by
the chemical properties and physiological properties to the organism.
However, we still know little about what kind of impact on wildlife in the
environment and human. In view of these facts, we have measured the
actual environmental concentrations of 31 kinds of active ingredients in
marketing medicine using liquid-chromatography with mass spectrometry in representative seven urban rivers in Japan, fall and winter seasons
in 2015-2016. The maximum detected concentrations of the active
ingredients exceeded 100ng/L are shown below, olmesartan (571ng/L),
valsartan (405ng/L), irbesartan (162ng/L), candesartan (113ng/L),
losartan (117ng/L) for antihypertensive agent, and sulpiride (546ng/L)
for antipsychotic, cralythromycin (445ng/L) for antibacterial agent, ketoprofen (150ng/L) for analgesic antipyretic, bezafibrate (200ng/L) for
hyperlipidemia treatment drug, crotamiton (845ng/L) for antipruritic.
Among target ingredients, the detection concentration of active ingredient in medicines for the lifestyle-related diseases tended to be high.
Concentration in the winter was observed a higher tendency when compared to the fall and winter. It can be assumed that the flow rate of the
river is related. Percentage of the maximum expected intake per day to
the maximum daily dose was from 0.0057% as olmesartan to 0.0001% as
bezafibrate. It is considered not to be greater impact on human health
because there is about five-digit margin. But, it must be considered
that five active ingredients used in the same disease, antihypertensive
agents, were detected in high concentrations. In the future, it would
need to be evaluated in consideration the combined action of multiple
active ingredients based on the mechanism of action. This research is
(partially) supported by the Research on Regulatory Harmonization and
Evaluation of Pharmaceuticals, Medical Devices, Regenerative and Cellular
Therapy Products, Gene Therapy Products, and Cosmetics from Japan
Agency for Medical Research and development, AMED.
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2843 Oncotic Necrosis Predominates MicrocystinLR-Induced Liver Injury in Primary Human
Hepatocytes

B. L. Woolbright, D. Williams, H. Ni, and H. Jaeschke. Kansas
University Medical Center, Kansas City, KS.
Microcystins are a group of toxins produced by freshwater cyanobacteria. Uptake of microcystin-leucine arginine (MC-LR) by organic anion
transporting polypeptide 1B2 in hepatocytes results in inhibition of
protein phosphatase 1A and 2A, and subsequent cell death. Studies
performed in primary rat hepatocytes have demonstrated prototypical apoptotic cell death after MC-LR exposure; however, no study has
directly tested whether apoptosis is critically involved in vivo in the
mouse, or in human hepatocytes. 120µg/kg MC-LR was administered
to C57Bl/6J mice, and cell death was evaluated by plasma alanine aminotransferase (ALT) activity, which is a marker of liver injury, by liver
caspase-3 activity, which is the gold standard marker of apoptotic cell
death, and by histology. Mice exposed to MC-LR had a rapid increase
in plasma ALT values and hemorrhage in the liver, but no increase in
caspase-3 activity. Histological assessment indicated MC-LR caused
hemorrhagic necrosis, with no evidence for apoptotic cell death. Pretreatment with the pan-caspase inhibitor z-VAD-fmk failed to protect
against cell death, glutathione depletion, or hemorrhage. To assess
whether apoptosis contributed significantly to human cell death after
MC-LR exposure, we administered MC-LR in increasing concentrations
between 5nM and 1µM to primary human hepatocytes, or primary
mouse hepatocytes as a control. MC-LR treatment resulted in significant toxicity at concentrations above 5nM in human hepatocytes, and
at concentrations above 50nM in mouse hepatocytes after 3, 6, or 16
hours. Pre-treatment with z-VAD-fmk failed to protect against cell death
in human hepatocytes, or mouse hepatocytes, as measured by lactate
dehydrogenase (LDH) release, and there was no discernible elevation
in caspase-3 activity. MC-LR treated human hepatocytes stained positive for propidium iodide (PI) though, indicating membrane instability,
a marker of necrosis. Of note, both PI positive cells, and increases in LDH
release, occurred before the onset of complete actin filament collapse,
indicating cell death occurred before cytoskeletal breakdown in human
hepatocytes. In conclusion, apoptosis does not contribute to cell death
in the in vivo mouse model, or in primary human or mouse hepatocytes.
Furthermore, human hepatocytes appear to be acutely more sensitive
to MC-LR than their murine counterparts, and as such, MC-LR toxicity
should be evaluated more extensively in man.
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2842 Octylphenol and Nonylphenol as Case Studies
for Determining the Risk Relevance of the
Endocrine Mode of Action in Human Health
Assessment

K. Coady4, J. Klapacz4, W. Droege3, T. G. Osimitz3, B. Losey2, and
C. Staples1. 1Assessment Technologies, Keswick, VA; 2RegNet
Environmental Services, Washington, DC; 3Science Strategies LLC,
Charlottesville, VA; and 4The Dow Chemical Co, Midland, MI.
Nonylphenol (NP) and octylphenol (OP) are data-rich alkylphenols that
provide an opportunity to examine the relevance of the endocrine
mode of action (MOA) to risk assessment. Systematic assessments of
their potential endocrine activity in well-conducted in vitro and in vivo
screening studies confirm that these compounds exhibit weak estrogenic activity with potencies ranging from 1x103 to 1x106-fold weaker
than the endogenous estrogen, 17-B-estradiol. However, multiple lines
of scientific evidence, including ToxCast and mechanistic in vitro studies,
indicate that these alkylphenols have other concurrent MOAs that influence the toxic response in biological systems, such as oxidative stress.
In ToxCast, NP and OP both interacted with multiple biological pathway
targets below their lower cytotoxicity limits including estrogen receptor;
pregnane-X receptor/xenobiotic metabolism; vitamin D receptor;
mitochondrial toxicity; cell cycle targets; and cytokines. Based on the
effects seen in higher-tiered multigenerational in vivo guideline tests,
the weak endocrine activity of NP and OP does not predict the entire
suite of observed adverse effects in biological systems. In the case of
OP, the lead effect (decreased body weight and body weight gain) is
not due to an estrogenic MOA whereas in the case of NP, estrogenic
activity (accelerated vaginal opening in offspring) manifests at comparable or higher doses than non-reproductive systemic toxicity (kidney
effects and decreased body weight). Thus, there are multiple MOAs to
consider when defining Point of Departures for these compounds and
their weak estrogenic activity may not be the most sensitive or unique
effect for their risk assessment. Finally, concentrations of these alkylphenols detected in human biomonitoring studies are orders of magnitude (2863 to 8.4x107) below levels of concern for human health, based
on their most sensitive endpoints. These case studies with NP and OP
illustrate the need to incorporate the concepts of potency, lead toxicity, exposure, and risk in decision-making regarding determinations of
endocrine activity and assessments of human health impacts.

2844 Evaluation of the Genotoxic Potential on

Receiving Water Impacted by Acid Mine
Drainage from a Coalmine in Mpumalanga
Region of South Africa Using In Vitro Comet
Assay and the Ames Test

O. T. Iji, E. M. Njoya, B. Madikizela, J. G. Myburgh, and L. J. McGaw.
University of Pretoria, Pretoria, South Africa.
A number of potential genotoxins found in water samples arise mainly
from anthropogenic activities. Acid mine effluent resulting from
coal mining poses serious environment concerns all over the world.
Treatment systems such as the use of natural wetlands (passive) or
conventional physical and chemical processes (active) are mainly
employed to meet certain water quality guidelines, nonetheless,
potential genotoxic compounds or residues remain which influence
the quality of discharged effluent. The objective of this study was to
evaluate the genotoxic potential of AMD effluent released into a free
flowing natural stream after treatment by passive and active methods,
because physico-chemical water analyses do not provide enough information about the biological effects of such pollutants. Two genotoxicity
assays were carried out on water collected at three different sampling
points. The Ames test performed without metabolic activation using
Salmonella typhimurium TA98 and TA100 strains showed no indication of mutagenic activity in any of the water samples tested. Differing
results were however obtained for the comet assay using the African
Vero monkey kidney cell line and a fish gill cell line (RTgill-W1), which
revealed genotoxicity in all the water samples. A significant reduction
in DNA damage was observed following active treatment of the AMD.
The results suggest that none of the treatment technology was efficient
at removing all potential genotoxins, and further improvements are
required. The comet assay proved sensitive at detecting genotoxicity,
and has the potential to be integrated into an environmental monitoring framework.

for Health Risk Assessment and Watershed
Toxicology Management in Tims Branch,
Savannah River Site, Aiken, South Carolina

J. Morales1, L. Lagos1, A. Lawrence1, M. Mahmoudi1, H. Emerson1, J.
Seaman2, and D. Roy1. 1Florida International University, Miami, FL;
and 2Savannah River Ecology Laboratory (SREL), Aiken, SC.
In recent years, emerging evidence indicate the critical effects of
metalloestrogens, including aluminium, antimony, arsenite, barium,
cadmium, chromium (Cr(II)), cobalt, copper, lead, mercury, nickel,
selenite, tin and vanadate on human health and their role in disease
causation. In this study, conducted at the US Department of Energy’s
Savannah River Site in Aiken, SC, an analysis of accumulated metals was
conducted on surface water samples collected along the A-014 outfall
tributary of the Tims Branch stream. Chemical analysis results were used
for assessing the spatial distribution of accumulated metals along the
A-014 outfall tributary and to determine if any values were above EPA
water quality standards regulations for South Carolina which may pose
potential risks to human health. Unfiltered and filtered (<0.2 micron)
surface water sample analyses were conducted on 11 chemical elements from 10 selected locations. This study hypothesis establishes a
correlation between in-situ surface water metal concentrations for Al,
Mg, Mn, Fe, Ni, Cu, Zn, As, Se, Sn, Pb, and U, and elevated concentrations
of the same metals in aquatic animal tissue due to bioaccumulation,
which make the metals effective biomarkers of exposure and potential
public health risk. Water samples collected from the A-014 outfall tributary were digested and analyzed for accumulated metals using ICP-MS
-NexION 300x (Perkin Elmer). The results of the accumulated metals concentration analysis were as follows: (Unfiltered) Fe 8.30 x 103 µg/L > Mg
0.58 x 103 µg/L > Mn 0.26 x 103 µg/L > Al 0.22 x 103 µg/L > Ni 6.60 µg/L >
Sn 5.44 µg/L > As 4.81 µg/L > U 4.69 µg/L > Zn 3.43 µg/L > Cu 0.70 µg/L
> Pb 0.26 µg/L; (Filtered) Fe > 3.52 x 103 µg/L > Mg 0.61 x 103 µg/L > Zn
0.45 x 103 µg/L > Mn 0.27 x 103 µg/L > Al 0.11 x 103 µg/L > Ni 4.78 µg/L >
As 2.77 µg/L > Sn 1.66 µg/L > U 1.16 µg/L > Cu 0.36 µg/L > Pb 0.11 µg/L.
The average daily combined exposure of some of these metalloestrogens, particularly As, Ni will be higher than the acceptable or minimal
risk levels. Since metalloestrogens are capable of binding to estrogen
receptors and mimicking the actions of physiological estrogens, therefore, the environmental significance of toxic accumulated metals, particularly metalloestrogens, may pose a risk to public health particularly
given if the water is used for drinking, cooking and bathing. Active
processes of monitoring may protect remediated wetlands in reducing
potential chronic exposure of accumulated metals for the public.

2846 Effects of Some Pesticides on Egyptian Toads
(Bufo regularis)

N. Saber, K. Osman, and A. Saad. Alexandria University,
Alexandria, Egypt.
Amphibians are animals present in agricultural landscapes declined
by agrochemical inputs. The toxicity and biochemical effects of some
commercial pesticides namely copper sulfate, temephos, glyphosate
and bifenthrin, on Egyptian toads (Bufo regularis) were evaluated. Toads
were exposed for 24 h to field application rates on water (0.01gm, 5 ml,
20 ml and 4.8 ml/liter), respectively, control group was kept in water. It
was found that all the treated toads were alive except bifenthrin which
induced signs of neurotoxicity with 100% mortality. Temephos, glyphosate, copper sulfate treatments significantly inhibited the activities of
brain acetyl cholinesterase (AChE) with values 37.55, 76.59, 90.57% of
control respectively. However, aminotransferases (AST and ALT) and
phosphatases (acid and alkaline phosphatase) in liver and serum were
significantly increased in all treatments. Liver glutathione S- transferase
(GST) were inhibited in all the tested treatments compared to control.
Liver glutathione content decreased after temephos treatment, while
it was increased than control value when toads treated with either glyphosate or copper sulfate. It can be concluded that the alteration shown
in some toads biomarkers from the control values denote biochemical
impairment and reflect the possibility of side effects of some pesticides
in non-target organisms.

2847 Trace Element Accumulation and Maternal
Transfer in the Southern Toad (Anaxyrus
terrestris)

D. Burston1, W. Flynn3, C. Love3, D. Scott2, and S. Lance2. 1Fort Valley
State University, Fort Valley, GA; 2University of Georgia, Aiken, SC;
and 3University of Georgia, Athens, GA. Sponsor: C. Dodd.
Amphibian species and populations exhibit varying levels of tolerance
to heavy metals commonly found in the environment. Heavy metals
are common byproducts of agricultural, urban and industrial practices
and do not degrade, producing environments where multi-generational
exposure can occur. One of the leading causes of metal contamination
is energy production, particularly coal combustion. The Savannah River
Site used several coal combustion power plants for energy production
and supports >40 species of amphibians, offering an ideal location to
examine the effects of heavy metals on amphibians. The ash plume
wetland has been impacted by coal combustion waste for decades.
Metal exposure can result in increased mortality and reduced growth
rates in amphibians, yet uncertainty still persists regarding the longterm impacts of exposure to these contaminants and the potential for
adaptation. We investigated how adult southern toads (Anaxyrus terrestris) accumulated trace elements from the terrestrial environment
and how those levels relate to parental body condition, egg size, and
trace element transfer to offspring. We collected and measured adult
toads from one contaminated and three reference wetlands and bred
them in the lab. We analyzed adult and offspring body burdens using
an ICP-MS by taking sublethal tissue samples and subsets from egg
clutches, respectively. We found 1) parental body burdens were elevated in coal fly ash wetlands, 2) no relationship between trace element
body burden and adult body condition, 3) mothers with greater levels of
trace elements transferred greater levels to their offspring. These results
demonstrate that even decades after initial inputs of coal ash into the
environment, its trace elements contents are still readily available to
amphibians living in the area. Further, some of these elements are transferred from parent to offspring, which has been shown to negatively
impact reproductive success in other systems. These results suggest that
there is little impact of terrestrial exposure to trace elements on adult
body condition in this system, however negative effects on offspring
health/performance associated with such exposure have been documented.

2848 Effects of Environmental Contaminants on
Primary Fresh Water Mussel (Bivalvia) Cell
Culture

P. Arslan1, B. Yurdakok-Dikmen2, O. Kuzukiran4, A. Filazi2, and F.
Erkoc3. 1Ankara University Faculty of Science, Ankara, Turkey;
2Ankara University Faculty of Veterinary Medicine, Ankara,
Turkey; 3Gazi University Faculty of Education, Ankara, Turkey;
and 4Veterinary Control Central Research Institute, Etlik, Ankara,
Turkey.
Despite growing interest in using in vitro techniques in environmentally relevant species in ecotoxicology; limited studies are available
for culturing cells of bivalve invertebrates and none is available fresh
water mussels. This study was aimed to develop a sustainable culture
of primary cells from mantle, gill, gonad and digestive gland tissues of
the fresh water mussel Unio sp. (Bivalvia), and evaluate cytotoxic effects
of the potential endocrine disrupting compounds bisphenol A (BPA)
and phthalates (DINP, DIDP and DMP) in 0.40-1000 ppb range using
standardized mitochondrial (MTT) and lysosomal (Neutral red-NR) cell
viability endpoints. IC50 values in general were found to be much lower
in NR assays compared to MTT assays indicating a potential lysosomal
alteration. Mantle and gill cells were found to be susceptible especially
for phthalates DIDP and DMP with IC50s of 1.20, 1.80 ppb for mantle
and 0.92 and 0.11 ppb for gill cells. Gonads were found to be much
less effected compared to other tissues with IC50s of 120.72, 80.26,
20.47 and 22.10 ppb for DINP, DIDP, DMP and BPA, respectively. For
BPA, except the digestive gland, IC50 results by NR assay were higher
compared to MTT, indicating a possible mitochondrial pathway in cytotoxicity. Morphological alterations were also observed in these granular epithelial cells, more evident in mantle and gill tissues. The challenges in the development procedures of sustainable cultures were also
described in detail. The susceptibility these cells indicate their potential
use in further in vitro xenobiotic tox-screening assays; hence mantle
and gills represent highly exposed permeable areas is the first defense
smooth tissues, while digestive gland is much more metabolically active
for detoxification of xenobiotics. Further research is needed to elucidate
the molecular mechanisms of toxicity, comparison of in vivo studies and
other marine or fresh water mussel species.
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2845 Accumulated Metalloestrogens Analysis

2849 Cytotoxic Effects of Flumethrin on Primary

Molluscan Cells, Carp Primary Hepatocytes, and
RTG 2 Cell line

P. Arslan1, B. Yurdakok-Dikmen2, O. Kuzukiran3, S. C. Ozeren1, and
A. Filazi2. 1Ankara University Faculty of Science, Ankara, Turkey;
2Ankara University Faculty of Veterinary Medicine, Ankara, Turkey;
and 3Veterinary Control Central Research Institute, Ankara, Turkey.
Flumethrin, a synthetic pyrethroid, has been widely used in sheep, cattle
and goats for the control of ticks, lice and mites topically such as a 1%
w/v plunge dip or pour-on. Dipping chemicals in the surface and ground
water at low concentrations, are especially focused due to their potential
hazardous effects in the environment; while few information are available on their effects on aquatic organisms. The present study was aimed
to evaluate the effects of flumethrin on fish and mussel cells in vitro. For
this purpose, primary molluscan mantle, gill, gonad and digestive gland
cells from Unio sp., primary hepatocytes cultured from carp (Cyprinus
carpio) and rainbow trout gonadal cell line (RTG2) were cultured and
treated with flumethrin at 0.02-400 ppb concentrations; where cytotoxicity was evaluated using MTT and Neutral Red assays. Among mantle
primary cells, the most sensitive was the digestive gland (IC50 of 1.99
ppb) which is the target tissue for drug metabolism in mussels; while
the rest were 8.35, 7.71 and 6.59 ppb for gonad, mantle and gills. IC50
values by MTT assay in primary fish hepatocytes (0.70 ppb) were much
less compared to RTG2 cells (46.06 ppb). Higher sensitivity results found
in the current study compared to immortalized fish cell line (RTG2) confirmed the fact that primary cells exhibit detoxification pathways similar
in original tissues causing alterations in the related metabolic pathways.
The results in the current study indicate that combination of primary
mussel cells from various tissues and fish primary hepatocytes represent
valuable investigative model for the assessment of screening environmental contaminants and for various ecotoxicological assays.

2850 A Study of Elemental Mercury Accumulation in
Macrophytes Roots

A. F. Monroy-Licht2,1,, and J. T. Olivero-Verbel1. 1Universidad de
Cartagena, Cartagena, Colombia; and 2Universidad del Norte,
Barranquilla, Colombia.
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Mercury is considered one of the priority hazardous substances. In
Colombia, the largest amount of elemental mercury is released into the
rivers and atmosphere associated with mining activities. On the other
hand, Eichhornia crassipes had been reported in heavy metal pollution
treatment. In this experimental study, the ability to accumulate elemental mercury by this macrophyte was determined. Several Eichhornia
crassipes individuals were exposed to amounts of 5, 10, 20, 40 and 80
mg of elemental mercury. Total mercury (THg) was analyzed by direct
mercury quantification in leaves, stems, and roots. The results showed
accumulation of 1.28 ± 0,11ppm and 1.13 ± 0.03 ppm in leaves and
stems, respectively. The greatest THg accumulation was obtained in
roots with values of 75.55 ± 0,54ppm. Similarly, Dunnett’s multiple comparison analysis showed a significant difference in roots with respect to
the control group, leaves, and stems. Additionally, growth toxic effects
on plants were monitored; those results were not significant with a
p-value of 0.364. Furthermore, translocation ability values were calculated. The results showed a low translocation capacity between 59.02
and 22.10. Also, a trial, to evaluate mercury accumulation after 10 days
of the exposition to 80mg of elemental mercury was carried out varying
the culture medium volume between 1L to 2L. ANOVA analysis showed
a non-significant result with a p-value 0.1566, concluding that the water
column does not generate a decrease in the amount of accumulated
metal, obtaining roots concentrations of 49,01± 0,22ppm and 69,73±
0,13ppm to a 1L and 2L volume, respectively. Based on the results of this
study the roots of E. crassipes are able to accumulate elemental mercury
from contaminated water.

of metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Cd and Pb) in tissues of crab
Uca tangeri harvested along a pollution gradient by an Agilent 7500c
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The observed
mean concentration of metals in Uca tangeri were below the permissible
limits (mg/kg dry weight) issued by JECFA of FAO/WHO and ANZFA for
shellfish. However, Bio-sediment Accumulation Factor (BSAF) revealed
higher levels of heavy metals accumulation in Uca tangeri (1.11 - 24.81)
while the estimated target hazard quotient (THQ) for adult consumers
showed that THQ was lower than USEPA guideline value of 1 for almost
all the metals except for Mn (2.36) and Cu (1.14). The results indicates
tthe potential for non-carcinogenic health effects from regular or longterm consumption of Uca tangeri in adults and suggests the need for
safety evaluation of aquatic biota that serves as food for man. .

2852 Identification of Chromium (VI) Reducing

Bacterial Isolates from a Waste Water Treatment
Plant

A. Dacres. Claflin University, Orangeburg, SC. Sponsor: A. Baines.
Many industrial sites facilitated the production of nuclear weapons for
the nation’s defense programs. Organic and inorganic chemical and
radioactive wastes were byproducts of nuclear material production processes. Site investigations identified contamination including hexavalent chromium in ground water, sludge and surface water.Previously, we
isolated three Cr(VI) reducing bacteria from a sludge sample obtained
from the Wastewater Treatment Plant in Orangeburg, SC. In order to
identify the bacteria, the 16S rRNA gene was PCR amplified, cloned and
sequenced. The sequence was compared the 16S rRNA gene database
at the National Center for Biotechnical Information. The bacteria were
identified as Pseudomonas sp., Comamonas testosteroni, and Serratia
marcescens. Strains belonging to these genera have been shown to
reduce, adsorb, or bioaccumulate Cr(VI).

2853 An Investigation of Bisphenol A (BPA) Levels in
Laboratory Rodent Diets

M. Pellizzon2, D. A. Putt1, N. Salvati1, A. Rilett1, N. Fisher1, F. Hosea1,
and H. Kim1. 1Detroit R & D, Detroit, MI; and 2Research Diets, New
Brunswick, NJ.
Higher than expected levels of the environmental estrogen, Bisphenol
A (BPA), were detected in urine of male Sprague-Dawley rats by ELISA
(> 25 ng BPA/mL). Since the source of BPA in rodent urine is unknown,
our hypothesis is that one source of BPA is from commercially prepared
diets or their packaging. In this study, we analyzed 14 different laboratory animal chows for levels of BPA. The diets selected for this study
consisted of either grain-based ingredients or purified ingredients prepared from several commercial sources. The pellets were pulverized,
extracted with ethyl acetate, dried, reconstituted and analyzed using a
commercially available BPA ELISA kit. Our results showed that BPA levels
in purified diets were low or nil while most grain-based chows contained
relatively high levels of BPA at ppb levels. BPA levels in these chows can
vary from batch to batch and from one manufacturer to the next by
several fold. Levels of BPA in the grain-based chows generally ranged
from 4 to 33 ng BPA/mL/g chow, whereas BPA levels in synthetic formulated diets generally ranged from 0 to 4 ng BPA/mL/g chow. In addition,
while certain chows may be lower in BPA than others, other contaminants such as phytochemicals and heavy metals are present in grainbased chows which should be avoided in BPA studies. However, purified
diets made with refined ingredients limit the presence of contaminants
such as BPA, phytochemicals and heavy metals. These formulas are open
to the research community and can provide a cleaner diet background
for studying the toxicological phenotype.

2854 Lethal and Sub-Lethal Effects of
2851 Human Health Concerns of the Levels of Heavy

Metals in Crab, Uca tangeri, from a Contaminated
Tropical Estuary

Ibanga2,

Usese2,

Chukwu2,

Onyema2,

Naidu1,

L. B.
A. I.
O. L.
I. C.
R.
and M. M. Rahman1. 1Global Center for Environmental Remediation
(GCER), University of Newcastle, Callaghan, NSW, Australia; and
2University of Lagos-Nigeria, Lagos, Nigeria.
Ineffective and rudimental environmental regulations in developing
countries and the high potential for bioaccumulation of toxic heavy
metals by shellfish from contaminated aquatic ecosystems is a serious
public health concern for population with high consumption rate.
The study assessed the human health risk associated with the levels

3,4-Dichloroaniline on Early Life Stages of
Zebrafish

R. Jigar1, D. Patel1, M. V. Patel1, V. J. Piccirillo2, and N. Khan1. 1Jai
Research Foundation, Valvada, India; and 2VJP Consulting, Inc.,
Ashburn, VA.
The aim of this study was to perform the fish, early-life stage toxicity test
(FEST) on zebrafish (Danio rerio) with 3,4-Dichloroaniline (DCA). The FEST
was performed according to OECD guideline 210 with DCA at the concentrations of 0.0 (control), 0.00625, 0.0125, 0.025, 0.05, 0.1 and 0.2 mg/L
under semi-static conditions for 34 days. Newly fertilised embryos [1.5
hour-post-fertilisation (hpf)] with same embryonic stage were exposed
to DCA before cleavage of the blastodisc. Test media was renewed at 48
h intervals. Analysis for active ingredient concentrations and stability

2855 Triclosan and Methylparaben and Their Mixtures
Affect the Growth of the Microalga Chlorella
Vulgaris

F. L. Toscano-Mouthon, C. A. Castellon-Castro, L. CervantesCeballos, and L. P. Tejeda-Benítez. University of Cartagena,
Cartagena, Colombia.
Triclosan (TC) is a strong bactericide and fungicide widely used, and
methylparaben (MP) is employed as a preservative additive in food
industry and in personal care products. Both of them are being released
to the environment at alarming rates. However, there are few studies
about their effects on organisms. The goal of this work was to assess the
toxic effects of TC and MP in the growth of the microalgae Chlorella vulgaris by exposure to different concentrations of TC and MP, respectively
and to a mixture of them. The growth of C. vulgaris was evaluated using
the Neubauer chamber for the cell counting and a UV-VIS spectroscopy
analysis (450 nm wavelength) for the optical density determination. Six
cultures of C. vulgaris and their replicates were growth in three concentrations of TC and MP (0.1, 1 and 10 µM), and cell density and optical
density were registered each 12 h during 72 h. The negative control
was the growth media without any compound. After 72 h-exposure,
at 10 µM of TC and MP, cell density was inhibited 67.1% and 79.8%,
respectively related to the negative control. In addition, optical density
was decreased up 95.4% and 97.1% for MP and TCS, respectively. The
mixture of TC and MP was more toxic than the single compounds for
cell and optical density, suggesting synergistic effect. TC was, during
the entire study, more toxic on C. vulgaris than MP, implying potential
adverse effects on aquatic environments if spilled uncontrollably.

2856 Impact of Antibiotic Contaminants on

Environmental Microorganisms: Antimicrobial
Activity and Antimicrobial Resistance in Natural
and Engineered Environments

H. Adejumo, K. He, and L. Blaney. University of Maryland Baltimore,
Baltimore, MD. Sponsor: K. Willett.
In the past 15 years, more than 70 different antibiotics have been
detected in the environment, including wastewater effluent and
drinking water supplies. Fluoroquinolones, sulfonamides, and tetracyclines represent the more recalcitrant antibiotics with respect to wastewater treatment. The major concerns related to antibiotic discharge into
the environment include: selective pressure for more tolerant/resistant
organisms, development of antimicrobial resistance, and sub-inhibitory
impacts on cell-to-cell communication. To better understand the impacts
of trace antibiotics on environmental microorganisms, this work focused
on building dose-response curves, or inhibition profiles, for several antibiotics against control organisms. Specifically, we constructed inhibition
profiles for 30 different antibiotics from three classes of concern (i.e.,
fluoroquinolones, sulfonamides, and tetracyclines) against Escherichia
coli and Pseudomonas fluorescens. Inhibition data was mathematically
modeled using the Hill equation to describe growth inhibition as a
function of antibiotic concentration. Water samples were also collected
from a Baltimore wastewater treatment plant to determine the impacts
of antibiotics on the prevalence of antibiotic resistant bacteria (ARB)
in the environment. Multidrug-resistant bacteria were selected using
extended spectrum β-lactamase plates. The results indicated that fluoroquinolones, in comparison to sulfonamides and tetracyclines, were
the most potent antibiotics against standard microorganisms. On the
other hand, the concentrations required for 50% inhibition (IC50 values)

for tetracycline antibiotics varied across several orders of magnitude,
and sulfonamide antibiotics were fairly ineffective at inhibiting E. coli
growth. The water sampling results showed that downstream surface
water contained higher antibiotic and ARB concentrations, confirming
concerns over discharge of antibiotic resistance from wastewater treatment plants. In summary, these results indicate that sub-therapeutic
antibiotic concentrations in wastewater promote the development
and spread of ARB in the environment. This study emphasizes a new
concern, namely that wastewater treatment may contribute to the presence of more resistant microorganisms.

2857 Neuro- and Gonadal Steroidogenesis in Black

Jaw Tilapia (Sarotherodon Melanotheron) in
Relation to Contaminants Burden in the Lagos
Lagoon

A. Arukwe1, A. O. Adeogun2, O. R. Ibor2, and R. A. Omiwole2.
1NTNU, Trondheim, Norway; and 2University of Ibadan, Ibadan,
Nigeria.
We have investigated the organ-specific alterations of steroidogenic
responses in fish in relation to contaminants burden at the Lagos
Lagoon. Adult male and female S. melanotheron (n=985) were collected from January - December 2015 from Igbore (putative control),
Ikorodu, Oworonshoki, Makoko and Idumota sites of the Lagoon. These
sites receive complex mixture of industrial and domestic effluents.
Alterations in plasma E2 and T levels were analysed. Brain and gonadal
steroidogenic enzyme gene expressions were analyzed. Contaminants
were quantified in fish and sediment samples. We observed seasonal
and sex-dependent alterations in mRNA expression of the StAR and
P450scc were higher and lower in males during the dry and wet seasons,
respectively, compared with females, at all sites. For cyp17, cyp19a1, 3β-,
11β- and 17β-hsd, we observed site-, sex and season-specific responses
in the brain (higher in males) at all sites. However, female fish, showed
higher brain mRNA for most enzyme genes, compared with the gonad,
at the wet season. StAR and P450scc proteins revealed detectable
protein levels at all sites with the highest protein band intensities at
Idumota site (males) and Ikorodu site (female), respectively. Female fish
had higher testosterone (T) than males at all site. E2 on the other hand,
were generally higher in males at all sites. On contaminants burden,
sediment concentration and above fish consumption advisory levels
were recorded for 4-iso-nonyphenol, dieldrin, trace metals at the polluted sites. Our findings demonstrated that contaminants in the polluted sites of Lagos Lagoon produced gender and seasonal alterations
in the expression of neural and gonadal steroidogenesis with potential
adverse health, physiological and reproductive consequences for S. melanotheron inhabiting Lagos Lagoon.

2858 Integrated Chemical and Toxicological Profiling
of Surface Water Samples from Swedish
Agricultural Areas

J. Lundqvist, C. von Brömssen, A. K. Rosenmai, T. Le Godec,
s. Ohlsson-Andersson, J. Kreuger, and A. Oskarsson. Swedish
University of Agricultural Sciences, Uppsala, Sweden.
Pesticides applied on agricultural land can contaminate ground- and
surface water and adversely affect ecosystems and drinking water
quality. As part of a Swedish program on environmental monitoring
of pesticides, we have collected 161 surface water samples from four
streams and two rivers representing major agricultural regions, during
the years of 2013-2014. The water samples have been analyzed for residues of 131 pesticides, using GC-MS and LC-MS/MS. Of the analyzed
pesticides, 87 were detected in the water samples. The water samples
were also used for toxicological profiling in vitro, using reporter gene
assays for oxidative stress (Nrf2), estrogen receptor (ER) activity, aryl
hydrocarbon receptor (AhR) activity, as well as cytotoxicity by MTS
test. The water samples from the pesticide monitoring program were
extracted, concentrated and then tested for toxic response in the in vitro
bioassays. No cytotoxicity was observed. A large number of the water
samples exerted significant induction of the Nrf2 activity and the AhR
activity. Positive findings were particularly frequent in the AhR assay,
where 123 of the water samples activated the receptor >2 fold compared to the control. Oxidative stress (Nrf2 activity >1.5 fold compared
to control) was exerted by 28 of the water samples. Estrogen receptor
activation (ER activity >2 fold compared to the control) was exerted by
17 of the water samples. By stepwise regression, a statistically significant
positive correlation was found between Nrf2 activity and concentration
of five pesticides: diuron, lindane, metazachlor, rimsulfuron and terbuth-
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was performed on days 0, 8, 16, 24, and 30 before and after renewal. The
concentration of active ingredient in test media was >80% of nominal
concentration at every analysis. No mortality was observed during
embryo stage. Mortality was 33.75% during larva stage at 0.2 mg DCA/L
and 12.50% and 11.25% during juvenile stage for the 0.1 and 0.2 mg
DCA/L concentrations, respectively. Cumulative mortality was for the
0.1 and 0.2 mg DCA/L concentrations were 12.50% and 45.00%, respectively. No abnormal development was observed at 0.00625, 0.0125,
0.025, 0.05 mg DCA/L or in the control group. Lethargy was observed
on day 14 at 0.2 mg DCA/L during larva stage, and on day 31 at 0.1 and
0.2 mg DCA/L during juvenile stage. Statistically significant decreases in
body length were observed at 0.05 mg DCA/L and above. Statistically
significant decreases in body weight were observed at 0.025 mg DCA/L
and greater. For body length, the EC10 and EC20 values were 0.02 and
0.08 mg DCA/L, respectively. For body weight, EC10, EC20, and EC50 value
were 0.03, 0.06 and 0.25 mg DCA/L, respectively. The No Observed Effect
Concentration (NOEC) and the Lowest Observed Effect Concentration
(LOEC) were 0.0125 and 0.025 mg DCA/L, respectively. The study results
demonstrate that DCA has growth inhibitory effects and influences
normal development in zebrafish. These results are in accordance with
other laboratories.

ylazine. These effects remained when area and season were included in
the model. Furthermore, we found a statistically significant correlation
between the AhR activity and the ER activity. The study demonstrates
that these bioassays are valuable tools to monitor water quality and
evaluate environmental effects of pesticide residues.

2859 Cyanobacterial Blooms In Kisumu Bay, Lake

Victoria, Kenya, Reflect Compromised Source
Water Quality for Lakeside Communities at
Satellite Fishing Beaches

A. F. Roegner3, Z. Ogari1, J. Miruka1, W. Smith3, T. R. Miller4, E.
Rejmankova3, and L. Sitoki2. 1Kenya Marine and Fisheries Research
Institute (KMFRI), Kisumu, Kenya; 2Technical University of Kenya,
Nairobi, Kenya; 3University of California Davis, Davis, CA; and
4University of Wisconsin-Milwaukee, Milwaukee, CA.
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Climate change, population growth and human development impact
freshwater resources globally. Nutrient loading into surface waters
from wastewater and agricultural runoff can result in cyanobacterial
blooms and impact the livelihood and health of dependent communities. Cyanobacteria produce toxins, gastrointestinal and skin irritants, and contamination from runoff may contain fecal pathogens. In
Western Kenya, at Lake Victoria, subsistence fishing communities utilize
bloom-laden lake water for washing, bathing, cooking and drinking with
minimal treatment and no alternate source. Kisumu Bay receives runoff
from the third largest municipality in Kenya; cyanotoxins have been
detected at levels well above the World Health Organization (WHO)
provisional guideline of 1 µg/L. We aimed to identify spatial and temporal health risks from blooms in lake waters and to evaluate low-cost
forecasting tools to prioritize community-based interventions. Source
waters for 11 fishing beaches in Kisumu Bay were monitored through
rainy and dry seasons from October 2015 through May 2016 for physicochemical parameters, fecal indicator counts, phytoplankton diversity,
cyanobacterial counts and cyanotoxins. During monthly monitoring
at point source, non-point source, and drinking water intake sites, GIS
-remote sensing for cyanobacterial quantification was ground-truthed
with field counts and ID. The observed seasonal variation in indicator
counts and cyanotoxins in community source water was expected.
Cyanobacterial cell counts were consistently determined at levels likely
to result in adverse acute reactions (> 100,000 to 10,000,000 cells/ml),
and microcystins were consistently been detected well above 1 µg/L
in some at-risk communities. Results indicate adverse health effect
risk to subsistence communities may be higher than to the municipality of Kisumu and local community-based interventions are needed.
Phytoplankton diversity and remote sensing through GIS, using cyanobacterial pigments, may provide means to predict health risk from
blooms and to prioritize resources and efforts in community-based
interventions.

2860 Determining the Toxicity of PTE and PXE, Two
Chemicals Isolated from Onondaga Lake

J. L. Marrero Rosado3, J. C. Zheng3, K. E. Lewis3, J. A. Hewett3, J. P.
Hassett1, and F. A. Middleton2. 1SUNY College of Environmental
Science and Forestry, Syracuse, NY; 2SUNY Upstate Medical
University, Syracuse, NY; and 3Syracuse University, Syracuse, NY.
Sponsor: L. Mills.
Onondaga Lake is part of an EPA superfund program due to over a
century of chemical waste pollution. We identified two hydrocarbon
compounds in the lake: 1-phenyl-1-(p-tolyl)-ethane (PTE), and 1-phenyl-1-(2,4’-xylyl)-ethane (PXE). These chemicals have not been studied
before, but their structures are similar to DDT, a toxic insecticide,
suggesting that PXE and PTE might also be toxic. This research aims
to identify if PTE and PXE are toxic to aquatic vertebrates and if so, at
what concentrations, and to determine if exposure to these chemicals
also increases the risk of seizures as does DDT (Tiedeken et al. 2009).
By exposing zebrafish embryos to the chemicals at an early stage of
development, we found that both PXE and PTE cause severe phenotypes and early lethality. Some of the phenotypes seen are: massive
edema, necrosis, abnormal brain growths, misshapen bodies, eye malformations, tail deformities, tail disintegration, and missing swim bladders. Strikingly, exposure to either PTE or PXE is lethal at much lower
doses than DDT. Moreover, exposing zebrafish embryos to PTE or PXE
for 7 days post fertilization causes a statistically significant increase in
the incidence of seizure in a Pentylenetetrazole (PTZ) assay of seizure.
Likewise, exposing embryos to PTE or PXE from 6 to 30 hrs post fertilization (24 hr exposure) causes a statistically significant increase in
the incidence of seizure for larvae exposed to PTE but not for larvae
exposed to PXE. As PTE and PXE are not on any lists of toxic chemicals
the Onondaga Lake cleanup process is not monitoring their concentra-

tions. In 1994, we found the mean and median concentrations of these
chemicals to be more than 100 times higher than EPA estimates of the
LCLO for DDT. Our data suggest that LCLO values for PTE and PXE may be
lower than for DDT, providing a strong argument for determining the
current concentrations of these chemicals in the lake, as the lake is now
promoted as “clean” and the public are being encouraged to swim in it.
As these chemicals may have been generated elsewhere, our research
will might also contribute to more effective detoxification of other contaminated sites.

2861 Putative Adverse Outcome Pathway for

Inhibition of Brain Aromatase in Fish Leading to
Reproductive Impairment

L. J. Mills2, T. K. Johnston1, and S. C. Laws3. 1Loyola University,
Chicago, IL; 2US EPA, Narragansett, RI; and 3US EPA, Research
Triangle Park, NC.
The adverse outcome pathway (AOP) provides a framework for organizing knowledge to define links between a molecular initiating event
(MIE) and an adverse outcome (AO) occurring at a higher level of biological organization, such as the individual or population. The AOP
framework proceeds from a general (e.g., not chemical specific) molecular mode of action, designated as a MIE, through stepwise changes in
biological status, defined as key events (KEs), to a final AO that can be
used in risk assessment. Because aromatase-inhibiting pharmaceuticals
are widely used to treat breast cancer patients, we explored the unintended consequences that might occur in fish exposed to these chemicals through wastewater discharge into the aquatic environment. Unlike
mammals, fish have two isoforms of aromatase, one that predominates in the ovary (cyp19a1a) and a second (cyp19a1b) that prevails
in the brain. Aromatase activity in fish brain can be 100 to 1000 times
that in mammals and is associated with reproduction. We have developed a putative AOP for inhibition of brain aromatase in fish leading
to reproductive dysfunction based on review of relevant literature and
reproductive experiments with the marine fish cunner (Tautogolabrus
adspersus) exposed to aromatase-inhibiting pharmaceuticals in the
laboratory. The first KE in this AOP is a decrease in brain aromatase
activity due to exposure to an aromatase inhibitor. KEs then progress
through subsequent steps including decreased production of estradiol
by aromatase-containing radial glial cells, reduced release of gonadotropin releasing hormone by the hypothalamus, decreased release of
luteinizing hormone by the pituitary, lowered production of maturation
inducing hormone in ovary or testis, and decreased gamete production.
These KEs lead to the final AO of reproductive impairment at the level
of the individual. Biological plausibility and empirical evidence for each
KE are summarized and essentiality of the proposed KEs is considered in
the context of the entire AOP.

2862 Constructing a 3D In Vitro Fish Gonadal Model

(RTG-2 Cell Line) for Genotoxicity Testing (Comet
Assay)

T. Vicari3, C. Gomes1, G. R. Disner3, G. Rossi3, I. H. Bini3, G. A.
Oliveira2, E. Trindade3, D. M. Leme3, and M. M. Cestari3. 1BASF
SE, Ludwigshafen, Germany; 2UFG, Goiânia, Brazil; and 3UFPR,
Curitiba, Brazil. Sponsor: D. Palma de Oliveira.
There are some alternative methods for chemical toxicological assessment considering products for human consumption, although there are
just a few procedures available in the aquatic toxicology field. The use of
fish cell lines is an in vitro alternative to assess the toxicity of a variety of
compounds as well as environmental samples. Usually, in vitro studies
are performed in monolayer cells (two-dimensional culture, 2D), but
may present technical limitations interfering in the results. Due to some
limitations, new technologies have been developed based on a three-dimensional cell culture system (3D) in order to replicate effectively in
vivo conditions, and thus providing more robust data for the genotoxic
potential of different compounds. Thus, the aim of this study was to
characterize and evaluate the physiological behavior of cellular spheroids (3D) of the rainbow trout gonadal cell line (RTG-2) and compare
the response obtained for the comet assay after exposure to different
genotoxicants in relation to monolayer. The spheroids were prepared
using an adaptation of the hanging drop technique. The cell suspension
was adjusted to 2x106 cells.ml-1 and the drops were made in the lid of
tissue culture dishes. The lids was inverted onto a PBS-filled chamber
and incubated at 22°C for 3 days. Thereon, the spheroids were placed in
24-well dishes containing 1 ml of L-15 medium, kept for 5 days before
carry out the comet assay, fixation, labeling and for extracellular matrix
components immunostaining. The extracellular matrix components
immunostaining and cell-cell interaction were higher in RTG-2 spheroids. In addition, for the genotoxicity, we found a greater sensitivity over
spheroids when compared with the same exposure conditions in mono-

2863 Toxicity of Microplastics and Adsorbed
Fluoranthene to Aquatic Organisms

S. Au, and C. Lee. Clemson University, Clemson, SC.
Microplastics (MPs) are a widespread and ubiquitous contaminant in
aquatic ecosystems. MPs are in the same size fraction as most sediment
particles and microorganisms, allowing them to be easily ingested by
a variety of organisms. Should ingested MPs have adsorbed organic
contaminants, MPs may potentially act as a source of environmental
contaminants. The potential for MPs to alter the bioavailability of contaminants, and whether MPs and adsorbed contaminants can undergo
trophic transfer has been investigated in very few studies. Polycyclic
aromatic hydrocarbons (PAH) are a class of persistent organic pollutants
that are ubiquitous in aquatic ecosystems. Fluoranthene (FLU) is one
of the US EPA’s 16 priority PAHs, and its hydrophobic nature allows it
to sorb easily to sediment and organic matter, which suggests FLU will
sorb to the hydrophobic surfaces of most MPs. Freshwater amphipods
exposed to FLU-contaminated polyethylene MPs resulted in the dose
dependent uptake of both FLU and MPs during 10-d bioassays. FLU
uptake via MP ingestion accounted for approximately 93% of the FLU
body burden. To investigate the potential for MPs and adsorbed FLU to
undergo trophic transfer, fathead minnows were trained to consume
amphipods that had been previously exposed to FLU-contaminated
MPs. The bile of exposed fathead minnows was analyzed for FLU by
measuring bile fluorescence. Bile from fathead minnows that consumed
amphipods previously exposed to FLU-contaminated MPs was significantly more fluorescent than that extracted from control organisms.
Fathead minnows indirectly exposed to FLU via prey ingestion for 3 days
resulted in the bioaccumulation of approximately 300 µg FLU/organism,
demonstrating that trophic transfer is a pathway in which higher trophic
level organisms can be exposed to MPs and associated contaminants.
This study is one of the few that has quantified the bioaccumulation
of MP-associated contaminants from living prey. Further studies will
demonstrate whether the ingestion of fathead minnows exposed to
FLU-contaminated MPs by hybrid striped bass will result in increased
bioavailability of FLU to larger predatory organisms.

2864 Acute and Chronic Toxic Effects of Model

Chemical Mechanical Planarization Slurries
on Morbidity, Body Size, and Reproduction of
Daphnia magna

S. Karimi, M. Troeung, R. Wang, P. Pantano, and R. K. Draper. The
University of Texas at Dallas, Richardson, TX.
The purpose of this study was to determine the toxicity of the metal
oxide nanoparticle (NP) component of chemical mechanical planarization (CMP) slurries to Daphnia magna (D. magna). The semiconductor
manufacturing industry uses metal oxide NPs such as colloidal silica
(c-SiO2), fumed silica (f-SiO2), ceria (CeO2), and alumina (Al2O3) as abrasives in CMP processes to polish wafer surfaces to high tolerances.
While the semiconductor industry is interested to understand the
potential ecological risks associated with the NPs contained in these
slurries, assessing the toxicity of real-world CMP slurries is problematic
due to the toxic constituents they are known to contain, such as biocides. In response to this challenge, a major CMP slurry manufacturer
has produced model slurries of c-SiO2, f-SiO2, CeO2, and Al2O3 that do
not contain toxic additives, thus focusing the assessment on the metal
oxide NPs themselves. Herein, we present the acute and chronic toxicity
assessments of these four model CMP slurries on D. magna. In acute
toxicity studies of CMP slurries, the c-SiO2 slurry (up to 4 mg/mL) and
the f-SiO2 slurry (up to 5 mg/mL) were not toxic to D. magna and did
not reduce body sizes. The CeO2 slurry showed no morbidity up to 2
mg/mL; however, D. magna body sizes decreased as a function of CeO2
slurry concentration. The Al2O3 slurry showed acute lethal toxicity to D.
magna with a 96-h LC-50 of 1.1 ± 0.2 mg/mL. Moreover the body sizes
of D. magna exposed to 1.5 mg/mL of Al2O3 slurry decreased by nearly
53%. In the chronic toxicity studies of CMP slurries, the c-SiO2, f-SiO2, and
CeO2 slurries (0.1 mg/mL) did not cause body size reduction or significant mortality to D. magna over 21-day exposure. However, only 50% of
D. magna were alive after exposure to 0.1 mg/mL of the Al2O3 slurry for
10 days and severely retarded growth was observed in the surviving D.
magna over 21-day exposure. The c-SiO2 and f-SiO2 slurries (0.1 mg/mL)
did not compromise D. magna reproductive output. On the contrary,

exposure to CeO2 or Al2O3 slurries at the same concentration of 0.1 mg/
mL caused a significant decrease in D. magna reproduction. In conclusion, the acute and chronic toxicity results demonstrate that different
model CMP slurries exert distinct toxic effects on D. magna morbidity,
growth, and reproduction.

2865 Early-Life Stage Effects of Metformin in Japanese
Medaka (Oryzias latipes)

Ussery1,

E. J.
Z. Pendalides1, M. Overturf2, D. Holdway1, and J.
1
1
Guchardi . Univeristy of Ontario Institute of Technology, Oshawa,
ON, Canada; and 2University of Louisiana at Monroe, Monroe, LA.
In recent years, there is a growing concern that human pharmaceutical
waste threatens to disrupt many natural processes of living organisms
by the introduction of stressors and unnatural contaminants in the
environment. One of the most abundant environmental contaminants
is the type 2 diabetic drug metformin. Metformin has been measured
in surface waters and wastewater effluents in the µg/L concentration
range. Recent studies have observed adverse effects of metformin on
adult fathead minnows, resulting in an increase in vitellogenin expression, an increase occurrence of intersexuality, a decrease in weight and
condition factor in males, and a decrease in the size of amount of egg
clutches produced by breeding minnows. To date, there has been no
studies investigating the effect of metformin on the sensitive early life
stages of aquatic organisms. The present study utilized the Organization
for Economic Cooperation and Development (OECD) 210 Early-life
Stage (ELS) study to investigate the impacts metformin has on Japanese
medaka growth and development. Medaka were treated with a concentration range of 1.0, 3.2, 10, 32 and 100 µg/L metformin from embryo
through 28 days post hatch. Medaka exposed to the pharmaceutical
were found to have a significantly shorter length (mm) and a significantly smaller weight (mg) than control fish. It is apparent that metformin does cause developmental effects, including potential effects on
the steroidogenesis pathway of exposed fish.

2866 Involvement of the Aryl Hydrocarbon Receptor
in Cigarette Smoke-Induced Inhibition of
Osteogenic Differentiation

C. Yun, M. Schallmo, J. Yun, A. George, N. Samra, K. M. Katchko, S.
Lee, D. Chun, J. Weiner, R. Cook, W. Hsu, and E. Hsu. Northwestern
University, Chicago, IL.
Introduction: Cigarette smoking significantly impairs bone regeneration
and is associated with higher rates of pseudarthrosis after spinal fusion.
Toxic ligands for the Aryl hydrocarbon receptor (Ahr) are present in cigarette smoke, and recent work has implicated the Ahr as a mediator of
anti- osteogenic effects. We previously found that dioxin, a minor constituent of cigarette smoke and high-affinity prototype ligand of the Ahr,
inhibits bone regeneration and spine fusion in vivo. This study aimed
to elucidate the downstream mechanisms underlying the adverse
effects of whole cigarette smoke extract (CSE) and particulate phase
extract (PPE) on bone regeneration. Methods: Whole cigarette smoke
extract (CSE) was prepared by bubbling smoke from 3R4F reference
cigarettes under a constant flow rate through sterile PBS. Particulate
phase extract (PPE) was prepared by passing CSE through a 0.1 μm PTFE
filter and eluting int DMSO to yield a final concentration of 40 mg/mL.
Bone marrow stromal cells (BMSC) were harvested from Long-Evans
rats and cultured under standard or osteogenic conditions. Factors critical to osteogenesis were then evaluated after BMSC were exposed to
DMSO vehicle, 10nM dioxin, PPE or CSE, or co-treated with Ahr antagonists (4 μM Resveratrol (Res), 2 μM α-Naphthoflavone (ANF), or 10 μM
3’3-Diindolylmethane (DIM)). Outcome measures included cell viability
(MTS assay), ALP activity, mineralization, and gene and protein expression of targets relevant to osteogenic differentiation. Results: CYP1A1
mRNA was induced in CSE and PPE-treated cells, as was ethoxyresorufin-o-deethylase (EROD) activity. Both CSE and PPE reduced cell number,
relative ALP activity, and inhibited mineral deposition relative to vehicle
control. Both CSE and PPE treatment down-reguated ALP, OCN, RUNX2,
CXCL12, PHEX, and OPN transcripts. Co-treatment with each of the Ahr
antagonists generally mitigated these effects. Conclusion: Ahr activation
may play a critical role in the adverse effects of cigarette smoke on bone
healing. The phytochemical-based Ahr antagonists used in this study
are available over-the-counter as supplements, and are currently under
investigation for their chemoprotective effects. Such Ahr antagonists
may serve as a therapeutic to protect against the deleterious effects of
smoking on bone healing.
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layers (2D). According to the results obtained in this study by immunostaining technique, RTG-2 spheroids present similar conditions to in vivo
model, so the comet assay demonstrated greater sensitivity of the 3D
model in comparison to 2D model. (Financial Support: CNPq - Process nº
476891/ 2013-2)

2867 Exploring Swim Bladder Inflation Failure of

Japanese Medaka (Oryzias latipes) by Comparing
Embryonic Exposure of Pharmaceuticals to
Hedgehog (Hh) and Wnt-Signaling Pathway
Inhibitors, on the Expression of Genes Related to
Swim Bladder Inflation

Z. Pandelides, M. D. Overturf, E. Ussery, J. Guchardi, and D. A.
Holdway. University of Ontario Institute of Technology, Oshawa,
ON, Canada.
Inadequate swim bladder inflation, while not being lethal itself, can
have serious long term effects on many fish populations. Many environmental contaminants can inhibit swim bladder inflation of larval
fish. Previous studies in our laboratory have determined that embryonic exposure to pharmaceuticals including 17α-ethinylestradiol, levonorgestrel, and diclofenac, both alone and in mixtures, can impair swim
bladder inflation of Japanese medaka (Oryzias latipes). Understanding
how this occurs and developing biomarkers for this effect is important.
This study first established that embryonic exposure to 5µM cyclopamine, a Hedgehog (Hh) signaling inhibitor, as well as 1µM IWR-1, a wnt
signalling inhibitor, resulted in >95% inhibition of swim bladder inflation of Japanese medaka larvae. The effects of these inhibitors on the
expression of medaka genes related to the Hedgehog (Hh) and wnt
pathways, as well as genes involved in the formation of the three cell
layers that make up the swim bladder (epithelial, mesenchyme and
outer mesothelium) were determined at 80, 96, 101, 144, 180 and 216
hours post fertilization. The effects on expression of key genes related
to swim bladder formation and inflation were measured following exposure to 17α-ethinylestradiol, levonorgestrel, and diclofenac. We established that these pharmaceutical compounds significantly inhibited the
expression of genes related to the formation of the three layers of the
swim bladder, with levonorgestrel causing the most significant effects.
While sharing some similar effects to the inhibitors there were some differences, such as 17α-ethinylestradiol and diclofenac targeting a gene
involved in surfactant production.

2868 A Comparative Study of Dithiocarbamates,

Mancozeb, and Disulfiram, on Striated Muscle in
Long Evans Rats

440
SOT 2017 Annual Meeting

O. J. Stephenson, and L. D. Trombetta. St. John’s University,
Queens, NY.
Mancozeb (MZ) and disulfiram (DS) belong to a class of compounds
called dithiocarbamates (DTC). These chemicals are used widely
throughout agriculture, medicine, and industry. MZ is an ethylene
bis-dithiocarbamate complexed with manganese and zinc and is used
as a fungicide on fruits, vegetables, and seeds. DS is currently used as
a prescription drug for alcohol aversion therapy under the brand name
Antabuse®. The focus of this study was to compare the effects of these
two DTC compounds on striated muscle tissues in vivo. Doses of each
compound were chosen based on work previously carried out within
our lab. Adult, male Long Evans rats were treated with either 250mg/kg
MZ or 750mg/kg DS via oral gavage, three times a week for four weeks.
Control animals were administered a 1:1 ratio of PEG400:distilled water.
Animal body weights were recorded before each treatment. Animals
were euthanized 24 hours after their final dose. Serum was separated
from whole blood obtained via cardiac puncture using Vacuette®
Z Serum Clot Activator Transport Tubes for analysis of muscle biomarkers. Statistics were calculated using a one-way or two-way ANOVA
followed by a Bonferroni post hoc at p<0.05 significance. As a result of
DS treatment, a statistically significant decrease in body weight gain
was observed compared to control and MZ treated animals. A significant increase in lactate dehydrogenase (LDH) activity was observed for
both treatment groups [MZ: 4.13 ± 0.57 Units/g Total Protein (TP); DS:
3.96 ± 0.32 Units/g Total Protein] when compared to control animals
[1.95 ± 0.26 Units/g TP]. A significant decrease in Creatine Kinase-MB
(CKMB) was observed in DS-treated animals [16.0 ± 3.28 ng CKMB/g TP]
when compared to control animals [37.2 ± 6.73 ng CKMB/g TP]. Cardiac
Troponin-I (cTnI) levels were significantly increased in DS-treated
animals [64.2 ± 11.6 ng cTnI/g TP] when compared to MZ-treated and
control animals [MZ: 23.6 ± 4.89 ng cTnI/g TP; Control: 24.3 ± 9.77 ng
cTnI/g TP]. Vastus medialis from the right leg and the right ventricle
of the heart were isolated and processed for light microscopy using
methacrylate embedding. Sections were stained using toluidine blue.
Morphological alterations were observed including: loss of cross striations, hyalinization, and accumulation of inflammatory cells.

2869 Alterations in Lipidomics Profiles of Fish Suggest
Immune Dysfunction

N. Denslow, V. D. Dang, K. J. Kroll, and C. J. Martyniuk. University
of Florida, Gainesville, FL.
Lake Apopka was contaminated with organochlorine pesticides from a
spill from the Tower Chemical Company and then from runoff from agricultural lands on the north shore that were heavily farmed. Fish residing
in Lake Apopka continue to have measurable levels of organochlorine
pesticides in their tissues. Transcriptomics analyses of fish placed into a
microcosm within the former Apopka farms point to major alterations
in their immune systems in addition to endocrine endpoints. Follow
up laboratory experiments with individual chemicals and binary combinations also point to both endocrine and immune alterations in the
liver and gonad, including T-cell activation and regulation of macrophages. We have focused current studies on the hepatic lipidome and
found alterations in phospholipid classes upon exposure. Enrichment
was observed in the phosphatidic acids and phosphoinositols, while
phosphatidylcholine and phophatidylethanolamine were suppressed,
compared to controls. In addition, we observed specific alterations in
sphingolipids, ceramides and glycerophospholipids, which have been
implicated with inflammation and other immune responses. We postulate changes in the lipidome are important biomarkers of OCP contamination.

2870 Assessment and Authentication of Seafood
through DNA Barcoding

S. Saggu. University of Tabuk, Tabuk, Saudi Arabia.
DNA barcoding methodologies are being increasingly applied not only
for scientific purposes but also for diverse real-life uses. Sea food assessment is a potential niche for DNA barcoding, which serves for species
authentication and may also be used for estimating within-population
genetic diversity of exploited fish. Analysis of single-sequence barcodes
has been proposed as a shortcut for measuring diversity in addition to
the original purpose of species identification. Here we explore the relative utility of different mitochondrial sequences (12S rDNA, COI, cyt
b, and D-Loop) for application as barcodes in fisheries sciences, using
as case studies two marine and two freshwater catches of contrasting
diversity levels. Ambiguous catch identification from COI and cyt b was
observed. In some cases this could be attributed to duplicated names in
databases, but in others it could be due to mitochondrial introgression
between closely related species that may obscure species assignation
from mtDNA. This last problem could be solved using a combination of
mitochondrial and nuclear genes. We suggest to simultaneously analyze
one conserved and one more polymorphic gene to identify species
and assess diversity in fish catches. Acknowledgment: The authors would
like to acknowledge financial support for this work from the Deanship of
Scientific Research (DSR), University of Tabuk, Tabuk, Saudi Arabia, under
the no. S-1436-0010.

2872 Mitochondrial-Impairing Pesticide Promotes

PKCδ Activation That Functions as a Lamin B1
Kinase to Induce Nuclear Membrane Damage in
Dopaminergic Neuronal Model of Parkinson’s
Disease

A. Charli, J. Luo, M. Langley, H. Jin, V. Anantharam, A.
Kanthasamy, and A. G. Kanthasamy. Iowa State University, Ames,
IA.
Chronic exposure to neurotoxic pesticides is implicated in the etiopathogenesis of Parkinson’s disease (PD). Dopaminergic neurons are highly
vulnerable to the neurotoxic effects of mitochondrial complex-1-inhibiting pesticides, however, the cellular and molecular mechanisms are
not well understood. Previously, we demonstrated novel PKC isoform
PKCδ is highly expressed in dopaminergic neurons and plays a key role
in their pesticide-induced apoptosis via caspase-3-mediated proteolytic
activation. Herein, we further characterized the downstream molecular
events of PKCδ signaling that govern dopaminergic neuronal cell death
induced by the mitochondria-impairing pesticide Tebufenpyrad (Tebu).
Tebu (0.01-10µM) induced dose- and time-dependent neurotoxicity in
the N27 dopaminergic neuronal cells; rotenone was used as a positive
control. Tebu-induced cell death was accompanied by PKCδ phosphorylation of T505 activation loop phosphorylation and caspase-3-dependent proteolytic activation of the kinase. In silico analyses identified that
the threonine site on laminB1 (T575) is likely to be phosphorylated by
PKCδ, suggesting that laminB1 serves as a key downstream target of the
kinase. High resolution 3D confocal microscopic analysis revealed co-localization of activated PKCδ and laminB1 as well as structural defects in
the nuclear membrane in Tebu-exposed N27 cells. Interestingly, Tebu

2873 Differential Susceptibility of Distinct

Dopamine Neuron Populations to Prototypical
Dopaminergic Neurotoxicants

G. Alam, M. Edler, and J. Richardson. Northeast Ohio Medical
Universities, Rootstown, OH.
Neurotoxins 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and
paraquat (PQ) are used to study the mechanism of dopaminergic (DA)
cell death involving neuroinflammation. Typically, only high doses of
MPTP (10-30 mg/kg) result in DA neuronal loss in the substantia nigra
pars compacta (SNc) and striatal DA depletion; however, a recent report
demonstrated that a single administration of MPTP at a low dose (0.1-1
mg/kg) caused loss of tyrosine hydroxylase-positive (TH+) cells in young
OF1 mice. Likewise, PQ administration causes a loss of a subset of TH+
neurons. Here, we sought to determine the effects of a low single dose
of MPTP and a standard regimen of PQ on dopaminergic neurochemistry and loss of distinct populations of TH+ neurons. C57BL/6J male mice
(6-8 weeks) were injected once with saline or one of the three doses
of MPTP (0.1, 2, or 20 mg/kg, i.p). In the PQ group, C57BL/6J male mice
(6-8 weeks) were injected with either saline or PQ (10 mg/kg, i.p) once
per week for two consecutive weeks. Both groups were euthanized one
week after the last injection. Unbiased stereological analyses showed a
significant reduction in the number of TH+ neurons in all MPTP-treated
groups (66-68%). However, Nissl+ neuron counts demonstrated cell loss
only for the highest dose of MPTP treatment, suggestive of loss of TH
expression rather than DA cell loss in the low dose MPTP treated groups.
PQ administration also caused a 40% loss of TH+ neurons. Ongoing
studies will determine whether differential losses of TH exist in distinct
subpopulations of neurons in the SNc following exposure to model neurotoxicants. Together, these data will provide an experimental framework for understanding the susceptibility of distinct populations of DA
neurons to neurotoxicant-induced cell loss. (Supported in part by NIH
R01ES021800 and the Michael J. Fox Foundation)

2874 Effect of Rotenone-Induced Parkinsonism on
Chewing and Swallowing in Rats

musculature, tongue musculature, and pharynx - to different degrees.
There was also some evidence of either dose-dependent, or duration of
exposure dependent effects. Given the different innervations of these
structures, these data suggest complex central or peripheral variation in
neurodegeneration affecting control of feeding in Parkinson’s Disease.

2875 Optineurin Distribution in Extranigral Nuclei:
Altered Expression in Parkinson’s Disease

M. A. Mestres-Villanueva2, J. P. Wise1, and J. R. Cannon1. 1Purdue
University, West Lafayette, IN; and 2University of Puerto Rico,
Isabela, PR.
Much research on Parkinson’s disease (PD) has established that PD
develops in stages with a specific progression pattern. PD affects
approximately five million people world-wide with 5-10% cases being
monogenetic. Thus, the etiology for most cases is unknown. The pathological hallmarks of PD are specific inclusion bodies: Lewy neurites (LNs)
and Lewy bodies (LBs), primarily composed of the protein α-synuclein.
As it is a progressive disease that affects the central nervous system
(CNS), Braak proposed six stages in PD pathology progression, showing
LBs ascending from the brain stem to the neocortex. Stage 1 begins with
inclusions in the dorsal motor nuclei of the glossopharyngeal (9N) and
vagal (10N) nerves and anterior olfactory nucleus. By stage 4, the substantia nigra pars compacta (SNpc) suffers a severe loss of dopaminergic
(DA) neurons, affecting the nigrostriatal pathway that regulates motor
control, which leads to the motor deficits characteristic of PD patients.
Autophagy is a catabolic mechanism utilized to clear damaged organelles and misfolded or aggregated proteins; dysfunction is linked to PD
pathology. The protein optineurin (OPTN) mediates autophagic clearance of various cargo, and its expression is especially observed in the DA
neurons of the SNpc. Research that focuses on understanding the role
of OPTN in PD is extremely limited. Our goal was to test the hypothesis
that OPTN plays a role in PD pathogenesis and is present in the brain
regions Braak reported for LB progression. Here, we report changes in
OPTN expression in various Braak regions, such as 10N, SNpc, pontine
tegmentum (PTg), raphe magnus (RMg), and locus coreuleus (LC). The
focus was to evaluate OPTN expression in these regions, utilizing the
rotenone model of PD. OPTN expression was detected in all the pertinent Braak regions prior to nigral lesion, and changes were evaluated
between control and end-stage models using confocal microscopy and
ROI analysis; significant changes were observed for 10N, SNpc, PTg,
and LC. We demonstrated the levels of expression that occur regarding
OPTN in a PD end-stage model in key Braak regions. Autophagic and
mitochondrial dysfunction are characteristic in early PD stages, therefore understanding OPTN’s role in the disease could play an important
role in the inhibition of these events.

2876 Regional Differences in ER-Stress and Apoptosis
in the Brain of Adult Mice following a Single
Exposure to Deltamethrin

F. D. H. Gould, A. Gross, R. Z. German, and J. R. Richardson. North
East Ohio Medical University, Rootstown, OH.

M. M. Hossain, G. Sivaram, and J. R. Richardson. Northeast Ohio
Medical University, Rootstown, OH.

Risk for Parkinson’s Disease (PD), the second most common neurodegenerative disorder, is substantially increased by chronic exposure
to environmental toxicants, including pesticides such as rotenone.
Dysfunctions of feeding and swallowing are common in PD patients.
Complications from these, including aspiration pneumonia and malnutrition, are primary causes of long term morbidity. However, the
pathophysiology of these dysfunctions is poorly understood. Here, we
utilized the rat rotenone model to determine impact on chewing and
swallowing function. Two groups of male Lewis rats (N=7, 14 weeks of
age) received implantation of radio-opaque markers into the tongue,
lower jaw, and palate. Animals were recorded feeding on barium coated
cereal before and after rotenone injections. Rotenone was administered
as either a low-dose (2.5 mg/kg/day i.p.) or high-dose (3 mg/kg/day i.p.)
for seven days, or until they developed severe parkinsonian symptoms.
We measured standard feeding parameters: duration and rate of the
swallow, as well as kinematics and timing of posterior tongue and jaw
movement during chewing. Rats showed behavioral signs of Parkinson’s
disease (bradykinesia, rigidity). Both injection groups showed a change
in horizontal mandibular movement (p<0.002). The low dose group
showed a change in horizontal tongue movement (p<0.05), while the
high dose group showed a change in vertical mandibular movement
(P<0.001). However, no statistically significant changes were found in
swallow duration, or swallow rate. These data demonstrate that rotenone exposure affects different parts of the oropharyngeal system - jaw

Endoplasmic reticulum (ER) stress is implicated as a significant contributor to neurodegeneration and cognitive dysfunction. Recently, we
reported that repeated exposure to deltamethrin (3 mg/kg every 3 days
for 30 or 60 days) causes ER-stress and apoptosis in the hippocampus of
adult mice that was accompanied by deficits in learning and memory
(Hossain et al., 2015). Here, we investigated whether there are regional
differences in ER-stress and apoptosis following oral administration of a
single dose of deltamethrin. Deltamethrin exposure (6 mg/kg) caused
ER stress as the levels of C/EBP-homologous protein (CHOP) and glucose-regulated protein 78 (GRP-78) significantly increased in both the
hippocampus and cortex. The levels of CHOP were increased by 148%
in the hippocampus at 24 to 48 h. In contrast, CHOP was increased by
146% in the frontal cortex only at 48 h after deltamethrin exposure.
Similarly, the level of GRP-78 was increased by 314% and 262% in the
hippocampus at 24 and 48 h, while they were increased by 178% at
24 h and 139% at 48 h in the frontal cortex. These were accompanied
by increased levels of activated caspase-12 both in the cortex and hippocampus. To determine whether these effects resulted in apoptosis,
activated caspase-3 was evaluated in both brain regions. We found that
deltamethrin-treated animals resulted in a 249% increase of caspase-3
in the hippocampus compared to 171% in the cortex at 48 h after deltamethrin exposure. Collectively, these results demonstrate that single
exposure to deltamethrin leads to ER stress and causes apoptotic cell
death in the cortex and hippocampus, with the hippocampus displaying
an earlier and more robust response. Together, these data suggest that
the hippocampus may be particularly vulnerable to deltamethrin exposure in adult animals. (Supported in part by R01ES021800, R01ES026057
and U01NS079249).
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did not induce any PKCδ activation, and thus no laminB1 phosphorylation, in N27 cells stably expressing the PKCδ cleavage resistant mutant.
Furthermore, CRISPR/Cas9-based stable knockdown of PKCδ significantly attenuated Tebu-induced laminB1 phosphorylation when compared to vector control cells. We observed PKCδ activation and laminB1
phosphorylation in nigral dopaminergic neurons from PD brains, but
not control brains, thus providing translational relevance. Collectively,
our data reveal that PKCδ functions as laminB1 kinase to disassemble
the nuclear membrane during the dopaminergic neuronal cell death
process triggered by exposure to mitochondrial complex-1-inhibiting
pesticides. This mechanistic insight may have important implications
for the etiology of environmentally-linked PD (NIH grants ES10587 and
NS 74443).

2877 Pyrethroids Increase Tetrodotoxin-Sensitive

Sodium Currents Expressed in Rat Brain Tissue
Microtransplanted into Xenopus Laevis Oocytes

E. Murenzi2, A. C. Toltin1, S. B. Symington1, and J. M. Clark2. 1Salve
Regina University, Newport, RI; and 2University of Massachusetts,
Amherst, MA.
Microtransplantation of mammalian neurolemma is a tool to study the
structure and function of transmitter receptors and ion channels associated with the central nervous system. Xenopus oocytes microtransplanted with rat brain tissue from postnatal day 15 and 90 rats were
used to examine the effects of deltamethrin and permethrin on native
voltage-sensitive sodium channels. Automated western blot analysis
indicated that Nav1.2 was the predominant isoform expressed in post
natal day (PND) 15 and PND 90 rats. Plasma membranes prepared from
microtransplanted oocytes confirmed that these rat channels were
successfully microtransplanted to the membranes of oocytes. Using a
high throughput two electrode voltage clamp (TEVC) electrophysiological system for, we were able to detect currents that were sensitive to
tetrodotoxin (TTX), ω-Conotoxin MVIIC, tetraethylammonium (TEA) and
niflumic acid (NFA) indicating the presence of multiple voltage-sensitive
ion channels (voltage-sensitive sodium, calcium and potassium channels, respectively) and calcium-activated chloride channels. In this study,
we compared the effects of a classic Type I pyrethroid (permethrin) to a
Type II pyrethroid (deltamethin) on native VSSC currents in PND 15) and
PND 90). Both deltamethrin and permethrin increase the inward TTXsensitive voltage-sensitive sodium channel currents pharmacologically
isolated in the presence of NFA in a concentration-dependent manner.
These results indicate that this method is amenable to studying environmental contaminants that target mammalian neuronal ion channels
and will also have utility for the study of additional agents shown to
cause acute, chronic and developmental neurotoxicity in other mammalian neuronal tissues, including those from knockout mice models
and humans.

2878 Decrease of Dopamine Levels after Pyrethroid
Insecticide Cyfluthrin Treatment in Rats
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A. Anadón, J. L. Rodríguez, M. A. Martínez, I. Ares, M. Martínez, and
M. R. Martínez-Larrañaga. Universidad Complutense de Madrid,
Madrid, Spain.
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Epidemiological studies have identified pesticide exposure as a significant risk factor for neurodegenerative diseases. Cyfluthrin is a Type II
pyrethroid insecticide frequently used in veterinary medicine, agriculture, against grasshoppers and pests, industrial and residential settings,
public health, and in some countries for the protection of stored products. In common with other pyrethroids, the most frequently reported
symptom of human occupational exposure was skin paraesthesia. Acute
poisoning syndrome is characterized by choreoathetosis and salivation. Because major information regarding its neurotoxic effects and
underlying mechanisms after mammalian exposures are needed for risk
analysis, this study examined in male Wistar rats cyfluthrin effects on
dopamine and their metabolites levels in five brain regions (hypothalamus, midbrain, hippocampus, striatum and prefrontal cortex), major
areas of monoaminergic systems involved in cognitive performance,
learning and memory and motor activity, which could be targets for
this pyrethroid. All animal experimentation was carried out in accordance with the SOT criteria for the care and use of animals in research.
Animals were sacrificed 24 hours after cyfluthrin administration (1,
5, 10 and 20 mg/kg/day, orally, 6 days). Brain regions were dissected
and analyzed for content of dopamine (DA) and its metabolites dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) using a
HPLC method with electrochemical detection. A dopamine depleting,
dose-dependent, effect was produced by this insecticide. Cyfluthrin, at
the lowest dose did not affect the DA levels in the brain regions studied.
Cyfluthrin at oral doses of 5, 10 and 20 mg/kg for 6 days produced a
statistically significant decrease of DA levels in hypothalamus (-36%,
-49% and -69%, respectively), midbrain (-35%, -75% and -77%, respectively), hippocampus (-45%, -53% and -53%, respectively) and prefrontal
cortex (-41%, -44% and -55%, respectively). Also, DOPAC and HVA levels
decreased after cyfluthrin oral doses (5, 10 and 20 mg/kg 6 days) in all
brain regions studied. These results may prove a valuable contribution
for the planning of toxicological investigations and risk assessment of
this insecticide. This work was supported by Project Ref. S2013/ABI-2728
(ALIBIRD-CM Program) from Comunidad de Madrid, Spain.

2879 Correlation of Relative Neurobehavioral Potency
as Measured by Locomotor Activity in Rats
with the Ratio of Active Isomer in Gamma- and
Lambda-Cyhalothrin

Z. Liu1, V. C. Moser2, C. Schlosser3, T. L. Spanogle1, A.
Chandrasekaran1, and K. L. McDaniel2. 1FMC Corporation, Ewing,
NJ; 2US EPA, Research Triangle Park, NC; and 3US EPA, Washington,
DC, DC.
Lambda-cyhalothrin (λ-cyhalothrin), a type II pyrethroid, is a mixture
of 2 isomers containing 43% of the active γ-isomer. In contrast, gamma-cyhalothrin (γ-cyhalothrin) is a single, enriched isomer containing
98% γ-isomer. To bridge toxicological endpoints for γ-cyhalothrin from
λ-cyhalothrin endpoints, an adjustment factor of 2X based on the ratio
of γ-isomer in γ- and λ-cyhalothrin has been used. This study was conducted to determine whether the neurobehavioral potency difference
is consistent with the ratio of γ-isomer between γ- and λ-cyhalothrin.
Locomotor activity was measured at Tmax of 1.5 hours after a single
gavage dose of γ- or λ-cyhalothrin in corn oil in adult male Long-Evans
rats at several dose levels. The total locomotor activity counts were the
sum of horizontal and vertical counts over the 1-h session measured
in figure-8 chambers. γ- and λ-cyhalothrin produced dose-dependent
reduction in locomotor activity, and the effective dose causing significant reduction in motor activity for γ-cyhalothrin was lower than for
λ-cyhalothrin. Benchmark dose (Hill model) calculated to decrease
motor activity by 50% (BMD50) was 2-fold lower for the γ-isomer (1.09
mg/kg) compared to λ-cyhalothrin (2.19 mg/kg). The neurobehavioral
effect (% reduction in motor activity) was linearly correlated with the
administered dose for both γ-isomer (p<0.01, r2=0.92, slope=28.8) and
λ-cyhalothrin (p<0.01, r2 =0.87, slope=13.9). Applying the concept of
a potency factor using the slope of the response correlation between
the administered dose vs. effect relationship analysis results in a 2-fold
neurobehavioral potency factor with γ-cyhalothrin being 2-fold more
potent than λ-cyhalothrin. This 2X neurobehavioral potency difference
is consistent with the composition of the λ-product (approximately 43%
active isomer) compared to the enriched γ-cyhalothrin (approximately
98%). Thus, administered dose is a good predictor of the locomotor
changes, and the chemical difference in γ-isomer is a good predictor of
the difference in potency between these two cyhalothrins. This abstract
may not necessarily reflect official Agency policy.

2880 A Novel Mechanism by Which Nanomolar
Pyrethroids Alter Intracellular Calcium
Homeostasis

J. Zheng2,1,, W. Feng2, Z. Cao2,1,, and I. N. Pessah2. 1China
Pharmaceutical University, NanJing, China; and 2University of
California Davis, Davis, CA.
Synthetic pyrethroids have been increasingly used in agricultural, commercial, and domestic pest control, accounting for approximately onefourth of the insecticide market worldwide. With increasing use have
come increasing evidence of broad human exposure to pyrethroids
and their metabolites, with possible risks for developmental neurotoxicity such as attention-deficit hyperactive disorder (ADHD). The underlying mechanism of mammalian and insecticidal toxicity elicited by
pyrethroids is generally accepted as a result of their direct interaction
with and altered function of neuronal voltage-gated sodium channels
(VGSCs). In addition to their actions on VGSCs, pyrethroids have also
been reported to interact with other types of ion channels in a variety
of in vitro model systems, including their ability to alter the function of
voltage-gated calcium channels (VGCCs) and GABAA receptors (GABR). It
is notable that all these actions require a threshold pyrethroid concentration ≥1μM with potencies typically >2.5µM. Of 6 pyrethroids tested
(Type I: tefluthrin, permethrin, trans-permethrin and bifenthrin; Type II:
deltamethrin and cypermethrin) for their ability to alter synchronized
Ca2+ oscillations (SCOs) of murine cortical neuronal networks, we report
deltamethrin at a concentration as low as 30nM is sufficient to alter SCOs
patterns. Moreover, [3H] ryanodine binding analysis indicates that pyrethroids can stabilize the open state of ryanodine receptor type 1 (RyR1),
with tefluthrin showing the greatest efficacy. Disruption of intracellular
Ca2+ homeostasis was also observed in both HEK293T and HEK293-RyR1
expressing cells exposed to all six pyrethroids with the exception of
tefluthrin, indicating that tefluthrin is the only selective RyR modulator
tested to date. Collectively our data support mechanisms independent
of VGSCs modification by which pyrethroids at environmentally relevant levels modify SCOs patterns that regulate early neuronal networks
development. (Supported by NIEHS R01 P01 ES011269 and P42 ES04699,
and US EPA STARR829388 and R833292)

Startle, Learning, and Memory in Developing
Rats

M. T. Williams1,2,, C. Sugimoto1, A. L. Fritz1, and C. V. Vorhees1,2,.
1Cincinnati Children’s Research Foundation, Cincinnati, OH; and
2University of Cincinnati College of Medicine, Cincinnati, OH.
Pyrethroid insecticide use has increased in recent years and these compounds are used in most settings including agricultural, industrial, and
domestic. Of particular concern is that children may be exposed to pyrethroids in home and/or school settings, especially since children tend to
have more hand to mouth actions and wash less. Pyrethroids are classified as Type 1 and Type 2, although some do not fit these categories
well. In this study we examined the effect of the prototypical Type 2
pyrethroid, deltamethrin, on the acoustic startle response (ASR), Morris
water maze (MWM) learning and memory, and on conditioned fear (CF)
using single day protocols on either postnatal day (P)15 or P21. Males
and females were tested in a split-litter design to control for litter effects.
We found that P15 rats exposed to deltamethrin (1, 2, or 4 mg/kg by
gavage in 5 ml corn oil) had a reduced ASR response when tested 2,
4, 6, or 8 h after administration compared with rats given corn oil. We
selected the 2 mg/kg dose for testing in the MWM and CF paradigms
since it produced a strong reduction in ASR with only mild increases in
tremor and small reductions in motility. In pilot studies, rats younger
than P21 were unable to perform the MWM or CF successfully. At P21
in the MWM, males exposed to 2 mg/kg deltamethrin had impaired
spatial learning, while females were unaffected compared with controls. For CF the deltamethrin exposed rats remembered the context
and conditioned stimulus as well as control animals. Taken together,
these data demonstrate for the first time that deltamethrin can acutely
affect learning and memory in some tests and reduces the response
to acoustic startle-eliciting stimuli. These data suggest that the hippocampus as well as the startle pathway are vulnerable regions of the brain
following deltamethrin exposure. (Portions of these experiments were
funded by CAPHRA).

2882 Effects of Long-Term Exposure to Deltamethrin
in the Nucleus Accumbens

C. M. Tapia, T. F. James, M. N. Nenov, and F. Laezza. University of
Texas Medical Branch, Galveston, TX. Sponsor: B. Ameredes.
Deltamethrin (DM), a commonly used pyrethroid insecticide, exerts
its effect on insects by delaying onset of inactivation in voltage gated
sodium (Nav) channels fundamental for neuronal excitability. Due
to species cross reactivity and the high evolutionary conservation of
Nav channels, there is reason to study the effects of DM in humans.
Epidemiological data showed a correlation between pyrethroid metabolites in urine and increased risk of ADHD diagnosis in children. In rats,
exposure to DM results in behavioral phenotypes that mimic aspects of
ADHD and are associated with the dopaminergic (DA) reward pathway
in the nucleus accumbens (NAc). Disregulation of DA medium spiny
neurons (MSNs) in the NAc is thought to play a critical role in neuropsychiatric disorders like ADHD, anxiety, and depression. The Nav 1.6
channel, critical in synaptic transmission, is abundant in the MSNs. All
this evidence provided a strong scientific basis to investigate a possible
causative link between exposure to DM and dysfunction of MSNs as the
source of increased risks of ADHD. Previous electrophysiology studies
assessing DM effects on Nav channels rely on acute toxin treatment.
Here, we used a more prolonged treatment to examine the effect of
DM exposure on human Nav 1.6 stably expressed in HEK 293 cells with
patch clamp electrophysiology. After 1hr of 10 uM DM treatment, Nav
1.6 -mediated persistent and tail currents were significantly potentiated.
At -20mV, Nav 1.6 encoded persistent current densities were increased
from DMSO control (-0.4±0.6 pA/pF, n=6) with 10uM DM application
(9.2±2.4 pA/pF, n=20, p<0.01). Tail currents were also significantly potentiated from 5.9±1.5 pA/pF (n=10) in DMSO control cells to 25.1±4.1 pA/
pF (n=20, p<0.001) with 10μM DM. Use dependent activity was studied
to determine how DM affects the fraction of Nav 1.6 channels at the
open state. Use dependent protocol at 5hz for DM exposed cells, significantly increased amount of persistent (DMSO -3.5±1.8pA/pF, n=12,
p<0.01. DM 11.8±2.5 pA/pF, n=19) and tail currents (DMSO 14.3±3.6 pA/
pF, n=12, p<0.01. DM 45.5±5.7 pA/pF, n=20, p<0.01). Ongoing studies
aim to investigate long-term DM exposure in rodent models and interrogate potential changes in the NAc circuit mediated through alteration
of Nav1.6-induced responses in MSNs. These studies will advance our
knowledge of the toxic activity of DM in the brain and help assess risk
exposure in the human population.

2883 The Impact of Repeated Organophosphorus
Pesticide Exposure on Biomarkers and
Neurobehavioral Outcomes

D. S. Rohlman4, A. A. Ismail4, K. Wang4, J. R. Olson3, M. R. Bonner3,
O. Hendy2, and G. Abdel Rasoul1. 1Menoufia University, Shebin
El-Kom, Egypt; 2National Liver Institute, Shebin El-Kom, Egypt;
3SUNY Buffalo, Buffalo, NY; and 4University of Iowa, Iowa City, IA.
There is evidence of neurotoxicity from chronic low level exposure to
organophosphates pesticides; however, few studies have examined
the effects of repeated exposure. The goal was to examine the impact
of repeated exposure on neurobehavioral (NB) performance and biomarkers of chlorpyrifos exposure (TCPy, 3,5,6-trichloro-2-pyridinol) and
effect (BChE, butyryl cholinesterase activity). Eighty-four adolescents
(46 applicators, 38 non-applicators) were examined at 4 times: before
and during the application seasons in 2010 and 2011. At each of the
four time points, participants were interviewed for work history, completed a NB test battery, and urine TCPy levels and blood cholinesterase
activity were measured. Following the study cohort over two consecutive pesticide application seasons revealed that TCPy levels significantly
increased following exposure, in both 2010 and 2011 (times 2 and 4),
and returned to baseline levels following the end of the application
season (time 3) (p<0.001). BChE activity and Red Blood Cell ChE activity,
to a lesser extent, decreased as TCPy levels increased and returned to
baseline levels with cessation of exposure (p<0.001). Although neurobehavioral outcomes showed learning and practice effects over time,
deficits in performance (attention, visual motor, verbal abstraction, and
motor speed functions) were significantly associated with increased
TCPy levels (p<0.05). Biomarkers of exposure and effect demonstrate
changes associated with pesticide application (increased TCPy levels
and decreased cholinesterase activity, respectively) and recovery after
application ends. Neurobehavioral performance is impacted by learning
and practice effects, however, deficits in NB performance are associated
with increased pesticide exposure. These findings demonstrated that
repeated pesticide exposure leads to persistent NB effects. (Funded by
NIH R21ES017223/R01ES022163)

2884 Early Ontogeny of Chlorpyrifos and Phorate

Neurotoxicity in Zebrafish (Danio rerio) Embryos
and Larvae: A Model for Organophosphate
Countermeasure Drug Discovery

F. X. Mora Zamorano, A. F. Govindajaran, J. Stegeman, and J.
Goldstone. Woods Hole Oceanographic Institution, Woods Hole,
MA.
Chlorpyrifos (CPF) and phorate (PH) are neurotoxic organophosphate
compounds widely used as agricultural pesticides, and classified as
chemical threat agents. CPF or phorate bioactivation to the CPF oxon
(CPFO) or phorate oxon (PHO) results in potent acetylcholinesterase
(AChE) inhibitors, with mechanisms of neurotoxicity similar to the
chemical warfare agents sarin and tabun. CPF can be readily acquired
in large quantities, increasing its potential for accidental or deliberate
release. CPF or phorate bioactivation to CPFO or PHO is mediated by
cytochrome P450 enzymes (CYPs). Our study utilized zebrafish embryos
and larvae as models to identify drugs capable of ameliorating organophosphate effects via inhibition of CYPs involved in the bioactivation
to the potent oxon forms. We used behavioral screens for drugs that
reduce the individual effects of thion pesticide exposure. Our methodology combines analyses of the visual-motor response and spontaneous swimming behavior in zebrafish larvae. We found that zebrafish
exposed to varying concentrations of CPF initially exhibit excitatory
behavior, followed approximately 1.5 hours later by a suppression of
spontaneous movement. AChE inhibition exhibits dose-, duration-, and
critically, age-dependent decreases following CPF exposure during
zebrafish development. Several drugs were found to be neuroprotectants, including nalidixic acid, montelukast and nifedipine. Using a
combination of molecular modeling and isoform-specific CYP knockdown in zebrafish we have identified CYP1A as the enzyme principally
involved in CPF-oxon formation, and also found that CYP3A65 is critical
for CFP detoxification in zebrafish. These studies provide the ‘mouth’
of a drug-development pipeline focused on organophosphate threat
agents. (NIH CounterACT R21NS084897).
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2885 Novel Molecular Mechanisms for Neurological
Morbidities in a DFP-Based Rat Model of Gulf
War Illness

L. S. Deshpande, K. Phillips, and R. Blair. Virginia Commonwealth
University, Richmond, VA.

444

Background: Around 1/3 of returning Veterans from the First Gulf
War exhibit chronic multi-symptom disorder known as the Gulf War
Illness (GWI). Unique deployment factors including chronic exposure
to organophosphate (OP) agents is implicated for GWI. The molecular
mechanisms underlying GWI are not completely known. We have developed an OP- diisopropyl fluorophosphate (DFP) based rat model of GWI
neurological morbidities. Disruptions in neuronal Ca2+ levels ([Ca2+]i )
are reported in mood-related disorders and were also recently observed
in GWI rats. This study is aimed at identifying molecular mechanisms
underlying elevated [Ca2+]i in GWI. Methods: Male Sprague-Dawley rats
(9-wks) were exposed to DFP (0.5 mg/kg, s.c, 1x for 5-d) and behavior
was assessed at 3-mos post DFP exposure. Ratiometric Ca2+ indicator
Fura-2AM was used for [Ca2+]i estimation in acutely isolated hippocampal
neurons. For Western blotting studies, hippocampal homogenates were
prepared, proteins resolved by electrophoresis and membrane blots
were probed with specific antibodies. Results: CA1 neurons from GWI
rats manifested [Ca2+]i of 399 ± 26 nM, that were significantly higher
than [Ca2+]i from age-matched control rats (208 ± 16 nM). Application
of dantrolene (50 μM) or levetiracetam (100 μg) significantly lowered
elevated [Ca2+]i in GWI neurons (240 ± 11 nM and 250 ± 19 nΜ respectively, n= 5 animals, p<0.05, t-test). While, western blotting analyses did
not reveal an overall significant upregulation in the protein levels for
IP3R or RyR, or PLCγ, 50% of GWI rats expressed higher protein levels
for IP3R. Conclusion: We observed that the protracted Ca2+ elevations
manifested by GWI rats had its origin in Ca2+ release from intracellular
Ca2+ stores, since the application of ryanodine/IP3 receptor antagonists
dantrolene or levetiracetam produced an almost 60% reduction in elevated [Ca2+]i in GWI neurons. These sustained [Ca2+]i did not appear to
be due increased expression in major components of intracellular Ca2+
release machinery, but a definite trend towards their upregulation was
observed in GWI rats. Since Ca2+ is a major second messenger molecule,
such chronic increases in its levels could activate signaling cascades that
could underlie the neuronal damage and also produce pathological synaptic plasticity that expresses itself as GWI morbidity. Treatment with
drugs targeted at blocking intracellular Ca2+ release could possibly be
effective therapies for GWI.

SOT 2017 Annual Meeting

2886 Potential Role of Differential and Persistent

Overexpression of GAP-43 mRNA in DFP-Induced
OPIDN-Related Tissue Specific Pathways in Cell
Survival and Cell Death Mechanisms

T. V. Damodaran2,1,, M. K. Attia1, and M. B. Abou-Donia1. 1Duke
University, Durham, NC; and 2North Carolina Central University,
Durham, NC.
Diisopropyl phosphorofluoridate (DFP) produces organophosphorus-ester induced delayed neurotoxicity (OPIDN) in sensitive species
including humans, showing wallerian degeneration. Growth-associated
protein 43 (GAP-43) has been shown to be an important aspect of
axonal growth and regeneration and abundant in presynaptic terminals
and considered to be a major phosphoprotein. We studied the effect of
a single dose of DFP (1.7 mg/kg/sc) on the mRNA expression of GAP-43
to verify its role in OPIDN. . The hens were sacrificed at different time
points ie 1,2,5,10 and 20 days. Total RNA was extracted from the following brain regions: cerebrum, cerebellum, brainstem, and spinal cord.
Northern blots prepared using standard protocols were hybridized with
GAP-43 as well as beta-actin and 18S RNA cDNA (control) probes. The
results indicate differential regulation of GAP-43 levels which may be
due to the activation of both cholinergic and non-cholinergic pathways
of CNS. Overall cerebrum showed the maximum induction levels for
GAP-43 induction (264%) mRNA, followed by cerebellum (225%),brain
stem (178%), spinal cord (142%) at different time points of the CNS
tissues. There is a time dependent increase in the levels of schwann cell
hyperplasia in sciatic nerve. The variable increase in the levels of mRNA
of GAP-43 in CNS tissues along with schwann cell hyperplasia in the PNS
tissues as well as our earlier observations on the differential regulation
of various molecules indicate complex regulation of regenerative and
degenerative pathways in cell survival and cell death of non-susceptible
and susceptible tissues in OPIDN development.

2887 Effects of QDs on HDM-Induced Mouse Allergic
Asthma

D. K. Scoville, J. D. Nolan, H. L. Ogden, D. An, X. Gao, W. A.
Altemeier, T. S. Hallstrand, and T. J. Kavanagh. University of
Washington, Seattle, WA.
Some engineered nanomaterials (ENMs) including silica and zinc oxide
nanoparticles, and carbon nanotubes, have been shown to enhance
allergic asthma in mice. In contrast, iron oxide nanoparticles appear to
attenuate allergic sensitization. In this study, we investigated the impact
of quantum dot (QD) nanoparticles on mouse allergic asthma. QDs have
uses in electronics, biomedical research and medicine. However, QDs
have been shown to induce lung inflammation and toxicity following
pulmonary exposure. The QDs used in this study have a CdSe/ZnS core/
shell design and are coated with trioctylphosphine oxide (TOPO) and
poly (maleic anhydride-alt-1- tetradecene) (PMAT). Using house dust
mite (HDM) as an allergen, we evaluated the effects of QDs on HDMinduced allergic airway disease in C57BL/6J, which we have previously
shown to be resistant to QD-induced acute lung inflammation, and A/J
mice, which are more susceptible. Mice were exposed to either HDM or
co-exposed to QDs + HDM on day 1 of the 11 day sensitization protocol.
Mice were challenged on days 8, 9 and 10 with HDM only. We found
that QDs significantly decreased the numbers of total leukocytes in the
lungs of both strains (p<0.05). A/J mice have significantly more type 2
innate lymphoid cells (ILC2s) in lung tissue than C57BL/6J mice (p<0.05).
A/J mice had significantly fewer dendritic cells, monocyte derived macrophages, alveolar macrophages, eosinophils, granulocytes, neutrophils, and T-cells in bronchoalveolar lavage fluid (BALF), and were more
responsive to methacholine-induced airway resistance (p-values<0.05).
Overall, BALF alveolar macrophages, neutrophils, and eosinophils were
significantly inversely correlated with lung ILC2 cells (p-values<0.05).
However, the relationship was not as strong for eosinophils. These findings suggest QDs and genetic background influences levels of lung
ILC2s and HDM-induced BALF inflammatory cells; and that ILC2s may
suppress certain BALF myeloid cells.

2888 Gold Nanorods Cause Early Embryonic Lethality
and Developmental Delay in Zebrafish (Danio
rerio)

B. Mesquita1, S. Fraga1, I. Lopes2, and J. Teixeira1. 1Portuguese
National Institute of Health, Porto, Portugal; and 2University of
Aveiro, Aveiro, Portugal.
Gold nanomaterials (AuNMs) constitute excellent candidates for application in a wide-range of industries including electronics, cosmetics
and biomedical. The large-volume production predicted for the next
decades, with its subsequent release into the environment, coupled
with the reactivity that arise at nanoscale have fostered the necessity
to evaluate AuNMs risk for humans and ecosystems. This study aimed
to evaluate the acute and developmental toxicity of a cetyltrimethylammonium bromide-capped Au nanorods (AuNRs) suspension to zebrafish
(Danio rerio) early life stages. Embryos were exposed to the AuNRs at
concentrations ranging between 50 and 150 µg/L following OECD test
guideline 236. Median lethal concentration (LC50) was calculated from
concentration-response fitted curves. Developmental endpoints such as
hatching, edemas, malformations, heart rate, body length and development delay were assessed until 96 hours post fertilization (hpf). Sublethal
concentrations were used to investigate internalization and the genotoxic potential of the AuNRs in embryos at 48 and 96 hpf. Uptake of the
tested AuNRs was evaluated by quantifying the embryos Au content
by Inductively Coupled Plasma-Optical Emission Spectrometry (ICPOES), whereas DNA damage was assessed by the comet assay. Analysis
of the concentration-response curves with cumulative mortality at 96
hpf revealed a LC50,96h of 110.2 μg/L (95% confidence interval, 100.6 122.8 μg/L). At sublethal concentrations, CTAB-AuNRs were found to
elicit developmental abnormalities such as tail deformities, pericardial
edema, decreased body length and delay in the development of the
eyes, head and tail elongation. Moreover, about 1% of the initial concentration of the AuNRs present in the exposure medium was internalized by zebrafish embryos before (48 hpf) and after hatching (96 hpf).
However, no significant DNA damage was induced by AuNRs exposure.
In conclusion, under our experimental conditions, AuNRs caused significant lethal and sublethal effects at low concentrations, which might
translate into fitness impairment at adult stages, highlighting the need
to perform predictive risk assessment of these nanomaterials (NMs) in
order to establish environmental safety values and to assist in the development of safer NMs and manufacturing processes.

Material-Induced Membrane Permeability

M. Sydor, D. Anderson, and A. Holian. University of Montana,
Missoula, MT.
With an increase in the use of engineered nano-materials (ENM) in
both consumer products and medical applications, there has come a
greater risk of exposure to workers, consumers, and patients. Because
of this increased risk of exposure, it is important to develop a better
understanding of ENM and their potential for causing inflammation and
disease. Some ENM have been reported to be bioactive and to trigger a
pro-inflammatory response when inhaled. Alveolar macrophages have
been demonstrated to be responsible for this inflammatory response
due to their release of the cytokine, interleukin 1β (IL-1β). A key step
preceding and linked to IL-1β release is phagolysosomal membrane
permeability (LMP). Some ENM have been implicated in inducing LMP
in alveolar macrophages, which in turn results in release of cathepsin
B from the phagolysosome. Cathepsin B triggers the formation of the
NLRP3 inflammasome, activating caspase-1, which in turn cleaves proIL-1β to its active IL-1β form. While, LMP has been implicated in this
inflammatory pathway, the mechanisms of ENM-induced LMP remain
unclear. It has been reported that ENM can have interactions with lipid
membranes and so it is hypothesized that LMP is caused by a disturbance in lipid membrane fluidity and order. Therefore, lipid membrane
fluidity was measured by fluorescence recovery after photobleaching
(FRAP) using an Olympus FV-1000 confocal microscope. A model membrane system using intact human red blood cells (RBCs) was used as
a surrogate for cellular organelle membranes. RBCs were exposed to
several metal-oxide ENM for one hour at a 100 µg/ml dose, and the fluidity of localized regions of interest in the RBC membranes was measured by the rate of diffusion of the fluorescent probe, Di-4-ANEPPDHQ
through the membrane. The more bioactive ENM, such as zinc oxide,
produced a decrease in membrane fluidity, while less bioactive materials such as titanium dioxide produced little to no change in membrane
fluidity. Addition of cholesterol increased RBC membrane fluidity. These
results suggest that the more bioactive ENM act on LMP by inhibiting
lipid mobility and thus potentially can induce membrane permeability
triggering inflammation and disease. Additionally, membrane cholesterol may be able to minimize the effects of ENM on induced permeability. (Funding provided by NIH R01ES023209, P30GM103338, and
P20GM103546)

2890 Toxicological Effects of Inhaled Multi-Walled

Carbon Nanotubes on Reactivity of Isolated Rat
Trachea

K. A. Russ, W. McKinney, A. Cumpston, B. T. Chen, and J. S. Fedan.
NIOSH, Morgantown, WV.
Occupational exposure to multi-walled carbon nanotubes (MWCNT) can
occur in many different settings such as research and product development, manufacturing, and waste disposal. Current studies of their health
effects demonstrate that some MWCNT cause pulmonary inflammation
and fibrosis, mesothelioma, and elicit changes in the cardiovascular and
central nervous systems in animal models. However, whether changes
in airways occur as a result of MWCNT inhalation has not been explored.
To investigate the toxicological effects of inhaled MWCNT, rats were
exposed to 1 or 5 mg/m3 inhaled MWCNT (MWNT-7 provided by Mitsui
& Co.) for 6 hours. Characterization of the MWCNT showed the expected
crystalline structure, 20-50 walls, and little trace metal contamination.
The MWCNT had a mass median aerodynamic diameter of 1.5 µm and a
geometric standard deviation of 1.67. Tracheas from MWCNT and air-exposed animals were isolated from euthanized animals for in vitro examination using isolated, perfused trachea preparations at 18 hours and 7
days post-exposure. After exposure to 5 mg/m3 MWCNT, no statistically
significant changes in reactivity to intraluminally or extraluminally-applied methacholine (MCh) were observed at either 18 hours or 7 days
post-exposure. However, after exposure to 1 mg/m3 MWCNT for 6 hours,
there was a significant increase in reactivity to intraluminal MCh as indicated by a decrease in the EC50 value in comparison to the air-breathing
control animals. By day 7 post-exposure, the changes in reactivity to
MCh had resolved. The increase in reactivity to intraluminally-applied
but not extraluminally-applied MCh in the 1 mg/m3 MWCNT-exposed
animals indicates that the epithelial cells lining the trachea are affected
by inhaled MWCNT, which could alter their regulatory effect on airway
reactivity.

2891 Potentiation of Drug-Induced Phospholipidosis
In Vitro through PEGlyated Graphene Oxide as
the Nanocarrier

L. W. Zhang. Soochow University, Suzhou, China.
Cationic amphiphilic drugs (CADs) are small molecules that can induce
phospholipidosis (PLD), an adverse drug effect that causes an accumulation of phospholipid in the lamellar bodies of cells. Nanotechnology
based drug delivery systems have been used widely, but it is unknown
if drug induced phospholipidosis (DIP) can be potentiated through drug
retention by undigestible nanocarriers. Due to the high drug loading
capacity of graphene, we investigated if PEGylated graphene oxide
(PEG-GO) loaded with CADs could potentiate DIP. Tamoxifen induced
an accumulation of NBD-PE, a fluorescence labeled phospholipid in
human hepatoma HepG2 cells, while PEG-GO loaded with tamoxifen
(PEG-GO/tamoxifen) further potentiated the phospholipid accumulation. Additional alterations of PLD marker gene expression were found
in PEG-GO/tamoxifen treated cells compared to tamoxifen treatment
alone. Similar effects of PEG-GO enhanced DIP were observed for other
CADs, indicating that nanocarrier potentiated DIP could be universal.
Transmission electron microscopy confirmed the increased number of
lamellar bodies within PEG-GO/tamoxifen treated cells compared to
tamoxifen alone. PEG-GO/tamoxifen showed a delayed but potent PLD
effect and a retarded PLD recovery, indicating the reversibility of DIP
was interfered. Confocal microscopy revealed the increased number of
lysosomes, greater expression of LAMP2 (a PLD marker), and an increase
in the co-localization of lysosome/LAMP2 with NBD-PE by PEG-GO/
tamoxifen rather than the drug alone. Mechanistically, there was no
correlation of autophagy with PLD induced by PEG-GO/tamoxifen.
This research suggests both pharmaceutical companies and regulatory
agencies that adverse drug effects may be potentiated with a delayed
recovery, if undigestible nanocarriers are used for drug delivery.

2892 Role of Specific Reactive Oxygen Species

Scavengers of Fatty Acid Composites in the
Nanotoxicity of TiO2 Nanomaterials Used in
Cosmetic Products

H. Lee, J. Chang, H. Hussain, and J. Kim. Northeastern University,
Boston, MA.
The commercial use of nanomaterials is an emerging field of nanotechnology in the 21st century. Especially, Titanium dioxide (TiO2) NPs have
been used as UV-blocking filters for their enhanced protective effect in
cosmetic industry. However, recent advances in molecular toxicology
have revealed that NP exposure can promote cytotoxicity and oxidative
damage, which has raised health concerns in the use of NPs in personal
care products. Although many studies provide a mechanistic basis for
the role of fatty acids in the beneficial effects of TiO2 particles, the safety
and toxicity of these composite particles have not been evaluated in
cells or living systems. Also, the TiO2 particles were not nanosized and
thereby failed to represent the most commonly used forms of TiO2 particles found in personal care products. Here we present the role of fatty
acids composites in preventing oxidative stress and cytotoxicity that
can be induced by TiO2 NPs. Two types of cells, human fibroblast skin
cells and adenocarcinoma lung cells, were exposed to either bare TiO2
NPs or TiO2 NPs containing fatty acid composites (palmitoleic acid, palmitic acid, stearic acid and oleic acid) commonly used in cosmetic products. NMR analysis confirmed that the fatty acid composites remained
in the NPs after wash. The cytotoxicity of TiO2 NPs was determined by
cell viability measurement using quantitative confocal microscopy, and
the localization of two different forms of TiO2 NPs were assessed using
electron spectroscopic imaging in transmission electron microscopy
(ESI-TEM). TiO2 NPs containing fatty acids posed significantly reduced
cytotoxicity (80-88% decreases) than bare NPs in both cell types.
Furthermore, there was decreased intracellular penetration of the NPs
containing fatty acid composites compared with bare NPs. Our results
also suggest that cosmetization reduces TiO2 nanotoxicity by inhibiting
the occurrence of reactive oxygen species (DPPH, superoxides, hydroxyl
radicals, etc.). These results provide important insights into the role of
fatty acids in protecting the cells from possible oxidative damage and
toxicity caused by NPs used in the production of cosmetic products.
Together, these efforts will increase our understanding about the nanotoxicity of metal oxide NPs, not only in the use of personal care products
in everyday lives, but in other medical diagnostic and therapeutic applications.
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2889 Impact of Cholesterol on Engineered Nano-

2893 Cytotoxic Effects of Manganese Oxide

Nanoparticles and Interaction with Microbial
Components on Maintenance of Gut Epithelium
and Host Mucosal Homeostasis

J. Fredericks, A. Kanthasamy, and M. Wannemuehler. Iowa State
University, Ames, IA.
Manganese oxide has been shown to cause toxicity often referred to as
manganism and is associated with occupational-related disease symptoms (e.g., welders). In addition, manganese oxide nanoparticles (MnO
NP) are used in a variety of medical applications including drug delivery
and magnetic resonance imaging (MRI) to obtain high resolution anatomical images of tumors and gastrointestinal (GI) inflammation. Along
with the benefits, there are adverse consequences associated with the
use MnO NPs as previously published. Additionally, GI research has
shown that maintenance of the epithelial barrier plays a critical role in
mucosal homeostasis and immunity as evidenced in a number of GI disorders including inflammatory bowel disease, which occurs in about 1
in 300 persons worldwide. However, studies assessing the interactions
between MnO NP, the microbiota, and host inflammatory cytokines
on mucosal homeostasis are virtually nonexistent. Using an in vitro
model of GI homeostasis and epithelial wound healing, we examined
the adverse effects of MnO NP alone or in combination with a bacterial
lysate derived from E. coli and/or inflammatory cytokines (e.g., TNFα,
IFNγ). We hypothesized that treatment with MnO NP in combination
with a bacterial lysate will synergistically induce adverse and deleterious
effects on GI epithelial cells. Specifically, MODE-K cells, a murine intestinal epithelial cell line, were exposed to MnO NP alone or in combination with the bacterial lysate and/or inflammatory cytokines for 12, 24,
or 48 hours depending on experimental procedure. Compared to MnO
NP alone, these studies demonstrated that the addition of MnO NP plus
bacterial lysate and/or inflammatory cytokines resulted in 1) enhanced
cytotoxicity of MODE-K cells 2) severely inhibited cell migration and
wound healing 3) enhanced secretion of inflammatory cytokines such
as IL-6, and 4) reduced the fitness of epithelial cell tight junctions as
evidenced by a change in transepithelial resistance. While the bacterial
lysate had no deleterious effect on the MODE-K cells, results demonstrated that there is a synergistic interaction between MnO NP and
microbial components on eukaryotic cells that adversely affect epithelial
integrity resulting in a significant impact on host mucosal homeostasis.

2895 Impact of an Integrated In Vivo-In Vitro Approach
for Evaluating the Hazardous Pulmonary
Effects of Nanomaterials and the Underlying
Mechanisms

L. Wang2, T. A. Stueckle2, D. C. Davidson2, S. Luanpitpong3, A.
Mishra2, R. Derk2, P. Demokritou1, and Y. Rojanasakul3. 1Harvard
University, Boston, MA; 2NIOSH, Morgantown, WV; and 3West
Virginia University, Morgantown, WV.
With the promising benefit of nanotechnology and the rapid rise of
engineered nanomaterial production, potential human exposure to
nano-scaled respirable particles has become a major concern. Animal
exposure studies have shown that pulmonary exposure to nanoparticles, such as carbon nanotubes (CNTs) and nano-scaled cerium oxide
(nCeO2), can deposit particles deep in lung tissues and cause specific
harmful effects. Unique physicochemical properties of the nanoparticles
greatly influence their adverse bio-activities. With the identification of
the specifically affected lung cells at the site of particle accumulation,
we have developed multiple in vitro models to assess the cytotoxic,
fibrogenic, and carcinogenic potential of nanomaterials using cultured
human lung cells. All in vitro doses were physiologically relevant and
based on in vivo doses that induced significant pulmonary disorders
in animal models. Acute (days), sub-chronic (weeks), and long-term
(several months) exposures to CNTs, nCeO2, and nFe2O3 were shown to
cause dose- and time-dependent cytotoxic (cell damage) and fibrogenic
(collagen production) effects, as well as neoplastic and/or malignant
transformation (anchorage-independent growth, apoptosis evasion,
increased migration, invasion, angiogenesis, and tumor formation),
consistent with the in vivo animal data. In vitro assessment tools further
allow detailed mechanistic investigations of key signaling pathways and
mediators involved in the pathologic processes (e.g. p53, transforming
growth factors, and matrix metalloproteinases), which may serve as predictive biomarkers for the in vivo responses. Impact of the integrated in
vivo-in vitro approach also includes that it supports the utility of the in
vitro models as rapid screening tools for risk assessment of nanomaterial-induced pathologies.

2896 Docosahexaenoic Acid Treatment on ParticleExposed Macrophages
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2894 Investigation of Nonmaterial-Induced Immune
Responses Utilizing In Vitro Dosimetry

Z.
X.
and J. Shannahan2. 1Kansas State University,
Manhattan, KS; and 2Purdue University, West Lafayette, IN.
Lin1,

Fue2,

To evaluate the number of nanoparticles (NPs) being synthesized for
toxicity, it is necessary to utilize in vitro techniques. Cell culture systems
often lack in their ability to perform comparative toxicity assessment
due to dosimetry issues and their inability to mimic the in vivo environment. When NPs are introduced into a physiological environment, they
are coated with biomolecules imparting a distinct biocorona (BC) on
their surface thereby influencing function, biodistribution, and toxicity.
Addition of the BC is governed by the NP’s physicochemical properties and the identity of the physiological environment. Disease-induced
environments can result in unique BC formation. Incorporation of the
BC into in vitro toxicological systems may enhance the translatability of
studies. However, the addition of these BCs may influence dosimetry in
these in vitro systems. We hypothesize that addition of BCs will impact
NP agglomeration resulting in differential dosimetry and macrophage
immune responses. To test this hypothesis, 25 nm Fe3O4 NPs were incubated in either water, 10% fetal bovine serum (FBS), or 10% FBS + 50
mg/dl of low-density lipoprotein (LDL) at 4 °C for 2 h to form a stable BC.
Addition of the BCs was found to reduce the zeta potential of NPs while
also increasing NP size (LDL-rich > 10% FBS only). The influence of this
change on the deposited dose was simulated using the published in
vitro sedimentation, diffusion and dosimetry model (ISDD) for up to 48
h exposure to different concentrations of Fe3O4 NPs (6.25, 12.5, 25, or 50
µg/ml). The ISDD model predicted a differential deposited dose due to
the addition of the BCs, which may influence the comparability of results
between BCs. Cell-associated dose was also measured after exposing
macrophages to Fe3O4 NPs with different BCs for up to 48 h. The results
showed no correlation between the measured cell-associated dose and
the predicted delivered dose. This suggests that variations in macrophage uptake of NPs with various BCs are not purely due to the differences in dosimetry but likely the receptor recognition of the BCs. This
differential uptake was then used to model macrophage internalization
and inflammatory response. Together our results demonstrate the usefulness of in vitro dosimetry in understanding how to utilize in vitro techniques to examine NP toxicity and the impact of BCs. (NIEHS K99/R00
ES024392)

P.
R. F. Hamilton2, J. J. Pestka1, and A. Holian2. 1Michigan
State University, East Lansing, MI; and 2University of Montana,
Missoula, MT.
Fletcher2,

Rationale: Inflammation is a vital contributing factor to pulmonary diseases which can be triggered by exposure to airborne toxicants such as
silica and nanomaterials. There has been an increasing trend in the use
of nanomaterials in various consumer products, which will increase the
risk of pulmonary diseases. However, there are no effective treatments
for chronic inflammation. One potential treatment that has been shown
to have anti-inflammatory effects is the dietary supplement docosahexaenoic acid (DHA); an omega-3 polyunsaturated fatty acid commonly
found in fish oil. Macrophages are important regulators in an immune
response to inhaled foreign materials in order to maintain homeostasis.
Macrophage functions are dependent upon various signaling factors
which generate different macrophage phenotypes (pro-inflammatory
classically activated M1 and anti-inflammatory alternatively activated
M2). The signaling factors determine which macrophage phenotype is
dominant to regulate the overall response to foreign particles. This study
investigated DHA as a treatment for particle-induced inflammation and
examined the impact of DHA on macrophage phenotype. Methods: Two
macrophage models were used to examine DHA on particle-induced
inflammation: THP-1 human monocytic cells differentiated into macrophages with Vitamin D3 and murine alveolar macrophages (AM). Either
DHA, arachidonic acid (AA), or vehicle control were incubated with the
macrophages while being exposed to various particles (silica and multiwalled carbon nanotubes). NLRP3 inflammasome activation (measured
as IL-1β release) and cell viability were assessed after exposure. DHA’s
impact on macrophage phenotype was examined by polarizing THP-1
derived macrophages into M1 and M2a phenotypes. Supplements and
particles were then exposed to the separate phenotypes. IL-1β release
and cell viability were assessed after exposure. Results: There was less
IL-1β release and cell death when macrophages were treated with
DHA in both cell models. In addition, AA treatment showed more IL-1β
release compared to DHA treatments in both cell models. Preliminary
results suggest that DHA treatment is inducing the M2 macrophage
phenotype. Conclusions: DHA has an anti-inflammatory effect on macrophages after particle exposure. Less IL-1β release correlates with less
inflammation; therefore, we propose that DHA is inducing the M2 macrophage phenotype.

Research Database

L. Thornton1, H. Mortensen3, S. Al-Abed2, and W. K. Boyes3. 1Duke
University, Durham, NC; 2US EPA, Cincinnati, OH; and 3US EPA,
Research Triangle Park, NC.
The ability to predict the environmental and health implications of
engineered nanomaterials is an important research priority due to the
exponential rate at which nanotechnology is being incorporated into
consumer, industrial and biomedical applications. To address this need
and develop predictive capability, we have created the NaKnowbase,
which provides a platform for the curation and dissemination of EPA
nanomaterials data to support functional assay development, hazard
risk models and informatic analyses. To date, we have combined relevant physicochemical parameters from other organizations (e.g., OECD,
NIST), with those requested for nanomaterial data submitted to EPA
under the Toxic Substances Control Act (TSCA). Physiochemical characterization data were collated from >400 unique nanomaterials including
metals, metal oxides, carbon-based and hybrid materials evaluated or
synthesized by EPA researchers. We constructed parameter requirements and table structures for encoding research metadata, including
experimental factors and measured response variables. As a proof of
concept, we illustrate how SQL-based queries facilitate a range of interrogations including, for example, relationships between nanoparticle
characteristics and environmental or toxicological endpoints. The views
expressed in this poster are those of the authors and may not reflect US EPA
policy.

2898 The Effects of Nickel Nanoparticles on MMPs

Production in Primary Monocytes: The Role of
miR-21

Y. Mo2, R. Wan2,1,, D. J. Tollerud2, and Q. Zhang2. 1Fujian Medical
University, Fuzhou, China; and 2University of Louisville, Louisville,
KY.
Exposure to metal nanoparticles by inhalation not only causes pulmonary effects, but also results in systemic effects. Nanoparticles can enter
the circulation and produce direct or indirect effects on blood cells such
as monocytes. Monocytes are produced by the bone marrow from precursors called monoblasts, and can mature into different types of macrophages at different anatomical locations. Monocytes/macrophages
are among the first cells to home to inflammatory sites, and play a key
role in the immune response. However, only few reports were found to
study the effects of metal nanoparticles on monocytes and their underlying molecular mechanisms. Our previous studies demonstrated that
exposure of human monocyte cell line U937 cells to nickel nanoparticles (Nano-Ni) caused increased MMP-2 and MMP-9 production. Here we
investigated the effects of Nano-Ni and carbon-coated nickel nanoparticles (Nano-Ni-C) on MMPs production in primary monocytes and the
potential mechanisms involved. The primary monocytes were isolated
from the peripheral blood of C57BL/6J (wild-type) mice and cultured
in the medium containing Nano-Ni or Nano-Ni-C. The results showed
that Nano-Ni caused MMP-2, TIMP-1 and TIMP-2 upregulation, as well
as miR-21 upregulation, but Nano-Ni-C did not. To further investigate
the role of miR-21 on Nano-Ni-induced MMPs and TIMPs upregulation,
primary monocytes from miR-21 knock-out (miR-21-/-) mice were isolated and exposed to Nano-Ni. The results demonstrated that Nano-Ni
did not cause MMPs and TIMPs upregulation in miR-21-/- primary monocytes, indicating miR-21 may be involved in Nano-Ni-induced MMPs
and TIMPs upregulation. To further confirm these results, wild-type and
miR-21-/- mice were intratracheally instilled with Nano-Ni or Nano-Ni-C.
After 3 days, the mice were sacrificed and monocytes were isolated from
the peripheral blood. We found that MMP-2, TIMP-1 and TIMP-2, as well
as miR-21, were upregulated in wild-type monocytes obtained from
Nano-Ni-treated group, but not in those from Nano-Ni-C-treated group.
Interestingly, Nano-Ni-induced MMPs and TIMPs upregulation were not
observed in primary monocytes from miR-21-/- mice. Our results suggest
that miR-21 may be involved in Nano-Ni-induced MMP-TIMP imbalance
in primary monocytes and Nano-Ni-C has less effects than Nano-Ni.
(Supported by ES023693 from NIH)

2899 Influence of a Protein Corona on Silver

Nanoparticle-Directed Mast Cell Degranulation

R. P. Mendoza, I. Persaud, and J. M. Brown. University of Colorado
Denver, Aurora, CO.
Silver nanoparticles (AgNP) have significantly increased in use over the
last several years, including their incorporation into many consumer
products. This increase in production and application has led to a rise
in exposure to the general population; however, our understanding of
potential adverse health effects of AgNPs is minimal. Our lab has previously demonstrated that AgNPs induce activation and degranulation
of mast cells leading to an allergic reaction in mouse models. Further,
recent research has begun to recognize that once AgNPs enter a biological milieu they become coated with proteins and lipids forming a
protein corona (PC). The PC exerts a new biological interface between
the particle and cells leading to alterations in cellular uptake and inflammation. In the current study, we investigate the mast cell response to
20 nm AgNPs with three different PCs: high density lipoprotein (HDL),
bovine serum albumin (BSA), and complex (fetal bovine serum, FBS). We
hypothesized that the addition of a PC will alter the physicochemical
properties of the AgNP leading to changes in mast cell degranulation.
Hydrodynamic size of 20 nm AgNPs were found to increase to 68 and 88
nm with formation of a BSA and FBS PC respectively; while addition of
HDL did not significantly alter hydrodynamic size. The zeta potential of
20 nm AgNPs (-41.0 mV) was reduced with each PC: HDL (-26.7), BSA (-9.6
mV) and FBS (-23.7 mV). To examine mast cell degranulation in response
to AgNPs with or without a PC, we measured β-hexosaminidase release
following exposure to 25 μg/ml AgNPs. We found that formation of a
PC on AgNPs significantly reduced mast cell degranulation across all PC
types. Whereas AgNPs without a PC induced 33% degranulation, AgNPs
with a HDL, BSA, or FBS PC degranulation was reduced to 7.2%, 10.5%,
and 17.6%, respectively. Overall, these results suggest that alteration of
AgNP physicochemical properties through formation of PC significantly
impacts mast cell response and screening of nanomaterials for adverse
immune responses should consider the appropriate biological environment and the role of the PC.

2900 Genotoxicity and Gene Expression Analyses

of Liver and Lung Tissues of Mice Treated with
Titanium Dioxide Nanoparticles

J. Yan3, Y. Li2,3,, W. Ding3, Y. Chen3, L. M. Pack3,1,, and T. Chen3.
1Arkansas Children’s Hospital, Little Rock, AR; 2Covance
Laboratories Inc, Greenfield, IN; and 3US FDA/NCTR, Jefferson, AR.
Titanium dioxide nanoparticles (TiO2 NPs) are used in paints, plastics, papers, inks, foods, toothpaste, pharmaceuticals and cosmetics.
However, TiO2 NPs cause inflammation, pulmonary damage, fibrosis,
and lung tumors in animals and are possibly carcinogenic to humans.
Although there are a large number of studies on the toxicities of TiO2
NPs, the data are inconclusive and the mechanisms underlying the toxicity are not clear. In this study, we used the Comet assay to evaluate
genotoxicity and whole-genome microarray technology to analyze
gene expression pattern in vivo to explore the possible mechanisms for
toxicity and genotoxicity of TiO2 NPs. Mice were treated with three daily
i.p. injections of 50 mg/kg 10 nm anatase TiO2 NPs and sacrificed 4 hours
after the last treatment. The livers and lungs were then isolated for the
Comet assay and whole genome microarray analysis of gene expression.
The NPs were heavily accumulated in liver and lung tissues. However,
the treatment was positive for DNA strand breaks only in liver measured with the standard Comet assay, but positive for oxidative DNA
adducts in both liver and lung as determined with the enzyme-modified Comet assay. The genotoxicity results suggest that DNA damage
mainly resulted from oxidized nucleosides. Gene expression profiles
and functional analyses revealed that exposure to TiO2 NPs triggered
distinct gene expression patterns in both liver and lung tissues. The
gene expression results suggest that TiO2 NPs impair DNA and cells by
interrupting metabolic homeostasis in liver and by inducing oxidative
stress, inflammatory responses and apoptosis in lung. These findings
have broad implications when evaluating the safety of TiO2 NPs used in
numerous consumer products.
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2897 NaKnowBase: The US EPA Nanomaterials

2901 A Life Cycle Approach to Engineered

Nanomaterial Toxicity to Provide Context to
Potential Health Effects

A. Erdely2, L. Bishop2, M. Orandle2, N. Yanamala2, M. M. Dahm1,
M. E. Birch1, D. E. Evans1, V. Kodali2, T. Eye2, L. Battelli2, P. C.
Zeidler-Erdely2, G. Casuccio3, K. Bunker3, A. B. Stefaniak2, T. Sager2
, A. Afshari2, D. Schwegler-Berry2, J. Kang2, K. J. Siegrist2, C. A.
Mitchell2, D. T. Lowry2, M. L. Kashon2, R. R. Mercer2, C. L. Geraci1,
M. K. Schubauer-Berigan1, L. M. Sargent2, and L. Cena2. 1NIOSH,
Cincinnati, OH; 2NIOSH, Morgantown, WV; and 3RJ Lee Group,
Monroeville, PA.
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Pulmonary toxicity studies primarily focus on as-produced engineered
nanomaterials and rarely are guided by a life cycle perspective or integration with exposure assessment. Understanding toxicity beyond the
as-produced (AP) material is critical, due to modifications needed to
overcome barriers to commercialization of applications. We evaluated
the toxicity of AP multi-walled carbon nanotubes (MWCNT: 16 nm diameter, 1-2 µm length), their polymer-coated (PC) counterparts (polyurethane or a proprietary poly(arylene ethynylene)), and the respirable aerosols generated from sanding (fine, P320) the PC nanotube-embedded or
neat composites from two separate companies. Polymer coating minimizes the percent MWCNT incorporation into the composite, permits
ease in handling, and can decrease dustiness thereby reducing potential
inhalation exposures downstream. Male C57BL/6J mice exposed by oropharyngeal aspiration to 4 or 40 µg were harvested 1, 7, 28, and 84 d
post-exposure. Using workplace exposure assessment to guide in vivo
study design (e.g. deposited dose and material preparations to emulate
personal breathing zone collections), dose- and time-dependent measures of pulmonary cytotoxicity, inflammation, and histopathology were
expectedly observed for the AP MWCNT. Polymer coating the MWCNT
did not enhance the pulmonary toxicity of AP nanotubes and toxicity
was significantly attenuated with one coating. The aerosols generated
from sanding composites embedded with PC nanotubes (0.15-3% by
weight) contained no evidence of free nanotubes, and were primarily
micron-sized particles with some MWCNT protrusions. Following pulmonary exposure, if the percent weight incorporation of PC nanotubes
and composite matrix utilized altered particle size distribution, acute in
vivo toxicity was affected, and if unaltered, toxicity was not different.
Our study provides perspective that while the number of workers and
consumers increases along the life cycle, toxicity and/or potential for
exposure to the as-produced material may greatly diminish.

SOT 2017 Annual Meeting

2902 Deriving a Provisional Tolerable Intake for

Intravenous Exposure to Silver Nanoparticles
Released from Medical Devices

L. C. Savery2, R. Vinas2, A. M. Nagy2, P. Pradeep1, S. J. Merrill1,
S. G. Malghan2, A. M. Hood2, P. L. Goering2, and R. P. Brown2.
1Marquette University, Milwaukee, WI; and 2US FDA, Silver Spring,
MD.
Silver nanoparticles (AgNP) are incorporated into medical devices used
intravenously (IV) for their anti-microbial characteristics and are produced with varying physico-chemical particle properties including size,
shape, coating and agglomeration state. The potential exposure and toxicity of AgNPs to patients is unknown due to lack of toxicological data.
A stringent battery of biological tests for each nanomaterial produced
would be costly and time-consuming. The aim of this safety assessment
is to derive a provisional tolerable intake (pTI) value for AgNPs released
from blood-contacting medical devices. A comprehensive literature
review of in vivo studies investigating critical adverse health effects
induced from IV exposure to AgNPs was reviewed and evaluated by the
Annapolis Accords principles. Key studies were further analyzed by the
Toxicological Data Reliability Assessment Tool (ToxRTool) to determine
the critical study for use in derivation of the pTI. The lowest statistically
significant dose-dependent adverse health effect reported in the critical
study served as the point of departure (POD). The POD was based on a
28-day IV repeated AgNP (20 nm) dose toxicity study that reported an
increase in relative spleen weight in male and female rats with a lowest
5% lower confidence bound of the benchmark dose (BMDL) of 14 µg/
kg bw/day. The POD was extrapolated to humans by applying a modifying factor (MF) of 1,000 (based on scientific review and analysis) to
account for uncertainties in intraspecies variability (uncertainty factor
(UF1) = 10), interspecies differences (UF2 = 10) and lack of long-term toxicity data (UF3 = 10). The pTI for long-term IV exposure to 20 nm AgNPs
released from blood-contacting medical devices was determined to be
0.14 µg/kg bw/day. This pTI may not be appropriate for nanoparticles
of other physico-chemical properties or routes of AgNP administration.
The methodology presented is deemed appropriate for deriving pTIs for
nanoparticles in general.

2903 Proteomic Analysis of Hippocampal Proteins of
Rats Exposed to Acrylamide

D. Nagashima2, L. Zhang2, Y. Kitamura1, S. Ichihara1, Y. Wakayama2,
K. Morita2, H. Katano2, M. Sakai2, E. Watanabe2, T. Sakurai2, S.
Oikawa1, and G. Ichihara2. 1Mie University, Tsu, Japan; and 2Tokyo
University of Science, Noda, Japan.
Objectives: Acrylamide is used industrially and also found in certain
foods cooked at high temperatures. There are human cases intoxicated
with acrylamide through well water, showing ataxia, memory impairment or illusion. The present study investigated change in expression of
proteins in rats exposed to acrylamide orally. Comparison with our previous proteomic study on 1-bromopropane is expected to suggest the
common mechanism of neurotoxicity of soft electrophiles, which both
acrylamide and 1-bromopropane belong to. Methods: Male Wistar rats
were exposed by gavage to acrylamide at 0, 2.0, 20.0mg/kg for 1 week
or at 0, 0.2, 2.0, 20.0mg/kg for 5 weeks. At the end of the experiments,
rats were decapitated, and hippocampus was dissected out and flashfrozen. Proteins were extracted from the hippocampus and applied to
two-dimensional difference in gel electrophoresis (2D-DIGE) combined
with matrix-assisted laser-desorption ionization time-of-flight/time-offlight mass spectrometry (MALDI-TOF/TOF MS). Results: The 2D-DIGE
detected 2 spots in the 2.0, 20.0mg/kg group of 1-week exposure and
33 spots in the 0.2, 2.0, 20.0mg/kg of 5-week exposure. Among them,
MALDI-TOF/TOF MS identified 2 proteins of 1-week exposure and 21
proteins of 5-week exposure. The identified proteins included 8 up-regulated proteins and 13 down-regulated proteins in 20.0mk/kg group.
The identified proteins could be categorized into biological processes of
metabolic pathway, cellular process, cellular component organization or
biogenesis, localization, developmental process, response to stimulus,
immune system process, biological regulation and multicellular organismal process. Conclusion: When compared to the previous proteomic
study on hippocampal proteins in rats exposed to 1-bromopropane, the
result shows commonality of acrylamide and 1-bromopropane on their
effects on expression of proteins associated with glycolysis and mitochondria. The study suggests the common mechanism in neurotoxicity
of soft electrophiles.

2904 Comparison of Dynamic Light Scattering

Instruments in Size Analysis of Nanoparticles

T. Brzicova2,3,, J. Sikorova2,1,, K. Vrbova2, and J. Topinka2. 1Charles
University, Prague, Czech Republic; 2Institute of Experimental
Medicine CAS, Prague, Czech Republic; and 3VSB-Technical
University of Ostrava, Ostrava, Czech Republic.
Dynamic light scattering (DLS) is a technique for nanoparticle (NP) size
characterization in a liquid environment (e.g. cell culture medium). It
provides crucial information for toxicological assessment as it gives
insight into dynamic changes, aggregation and agglomeration vs. dissolution, of NPs and their evolution along with time. Besides electron
microscopy DLS is a powerful tool for understanding NP behavior in
physiologically relevant media within toxicity testing as well as efficiency of a dispersion procedure. Two state-of-art DLS instruments were
compared in this study - a NanoBrook Omni (Brookhaven Instruments
Corporation, USA) and a Zetasizer Nano ZS (Malvern Instruments Ltd.,
UK). The integrated EU project NANoREG - “A common European
approach to the regulatory testing of Manufactured Nanomaterials”
- provides diverse well characterized NPs in order to compare toxicity
results among EU laboratories. Comparative tests were performed on
standard NPs (NANOSPHERE Size Standards, Thermo Scientific) and
batch dispersions (2.56 mg/ml) of the NANoREG project NPs under identical experimental conditions. The standard was measured undiluted
and gradually diluted. NANoREG NP dispersions were prepared using
probe sonication according to the generic NANOGENOTOX dispersion
protocol. The standard and NANoREG NPs were measured by back-scattering to prevent issues arising from sample opacity. Standard size was
correctly measured in undiluted form, approx. 10mg/ml, by the Zetasizer
Nano ZS; the NanoBrook Omni was able to measure the size correctly at
a concentration of 0.4mg/ml or lower. Not only that it is uncomfortable
for the operator, the dilution itself also affects the extent of aggregation and agglomeration of the suspended NPs. Differences among sizes
of the NANoREG NPs measured by the two instruments increased with
rising sample opacity. Intensity distributions of the NANoREG samples
were more stable with the Zetasizer Nano ZS. We concluded that under
identical experimental conditions, the Zetasizer Nano ZS is suitable
for quick and reliable DLS measurements of NP suspensions, while the
NanoBrook Omni requires dilution of more concentrated suspensions,
and thus it is not applicable for higher concentrations often used in in
vitro toxicity assays.

Ambystoma mexicanum

M. A. Cardoza, and J. Deitloff. Lock Haven University, Lock Haven,
PA. Sponsor: J. Vanden Heuvel.
Silver nanoparticles (AgNPs) are used in a variety of industries as an antimicrobial agent. However, little is known of the long-term effects of this
chemical in the natural environment and how it could affect the species
that inhabit it. To observe the effects of these materials we dosed
Ambystoma mexicanum with various concentrations of AgNPs for an 8
week period. Weight and length of the A. mexicanum were measured.
Based on the results of a repeated measures ANOVA, we found that
the treatments did not differ, but that the length did change over time.
The changes in length over time did differ between treatment groups.
While animals in the high concentration group did not gain any length,
the control and low concentration group increased in length over time.
For weight, we found that the treatments, overall, were not different,
but that weight did change over time, and the change in weight over
time differed between treatment groups. Axolotls in the high concentration group did not increase in weight; however, the control and low
dose groups increased in weight over time. From these results we can
conclude that at high doses the AgNPs had a negative effect on length
and weight in development of A. mexicanum and could potentially have
similar effects on other aquatic species in these ecosystems.

2906 Neuronal Protection against Oxidative

Insult by Polyanhydride Nanoparticle-Based
Mitochondria-Targeted Antioxidant Therapy

S. Ghaisas1, T. Brenza1, J. Ramirez1, D. Harischnadra1, V.
Anantharam1, B. Kalyanaraman2, B. Narasimhan1, and A.
Kanthasamy1. 1Iowa State University, Ames, IA; and 2Medical
College of Wisconsin, Wisconsin, WI.
A progressive loss of neuronal structure and function is a signature
of many neurodegenerative conditions including chronic traumatic
encephalopathy, Parkinson’s, and Alzheimer’s diseases. Mitochondrial
dysfunction and oxidative stress have been implicated as key pathological mechanisms underlying the neurodegenerative processes. Among
various potential therapeutic compounds that have been investigated
since several years, mitochondria-targeted antioxidants were recently
shown to alleviate oxidative damage. In this work, we investigated
whether the delivery of biodegradable polyanhydride nanoparticles
containing the mitochondria-targeted antioxidant apocynin (MA) to
neuronal cells protects against oxidative stress. Using a rat mesencephalic cell line we confirmed that the nanoparticle chemistry consisting of sebacic acid and 1,6-bis-(p-carboxyphenoxy)hexane (CPH) at
a molar ratio of 20:80 was non-toxic to the neurons. Flow cytometry
and confocal image analysis revealed that nanoparticles surface functionalized with folic acid (NP-FA) showed higher neuronal uptake over
non-functionalized nanoparticles (NP). Electron microscopy revealed
that both types of particles were seen near the vicinity of the mitochondria, thus making the antioxidant readily accessible to its target. We next
tested the efficacy of MA encapsulated nanoparticles in suppressing
oxidative stress over the drug alone. Interestingly, despite the release
of only about 80% of its total drug cargo in the first 24 hours, MA encapsulated nanoparticles surface functionalized with folic acid [M:(NP-FA)]
showed better protection over the drug alone in an in-vitro model of
oxidative stress. We further validated these results in the human mesencephalic cell line - LUHMES and showed that M:(NP-FA) significantly
protected LUHMES cells from 6-hydroxydopamine-induced oxidative
stress and neurodegeneration by significantly attenuating the generation of cleaved caspase-3 and mitochondrial superoxide and improving
dopamine reuptake. Collectively, our results demonstrate that nanoformulated mitochondria-targeted drugs may offer improved efficacy over
antioxidants to treat neurodegenerative diseases. (NIH grants NS74443
and NS88206)

2906b Exposure to Silver Nanoparticles Mediates Mast
Cell Degranulation through Activation of PI3K,
PLCγ and Calcium Signaling

N. B. Alsaleh, I. Persaud, and J. Brown. University of Colorado,
Aurora, CO.
The incorporation of engineered nanomaterials (ENM) in consumer
products has been increasing significantly over the last few years;
however, the toxicological effects of exposure and the underlying
molecular mechanisms are largely unknown. Silver nanoparticles
(AgNP) are commonly used for their antimicrobial effects. Mast cells are
key players in allergic and inflammatory diseases and play a role in reg-

ulating both innate and adaptive immune responses. Previous research
in our laboratory demonstrated that AgNP exposure is associated with
the activation of mast cells leading to degranulation and release of preformed mediators; however, the underlying cellular mechanisms are
completely unknown. Thus, we sought to study the signaling mechanisms underlying AgNP-mediated mast cell degranulation. We utilized
bone marrow-derived mast cells isolated from C57BL/6 mice. Mast cell
degranulation was assessed by measuring the release of β-hexosaminidase in the supernatant relative to its cellular content. Our results show
that AgNP-mediated mast cell degranulation involves phosphorylation
and activation of phosphoinositide 3-kinase (PI3K), phospholipase Cγ
(PLCγ), protein kinase C (PKC) and a subsequent increase in intracellular calcium levels. Moreover, the presence of extracellular calcium was
required for AgNP-mediated mast cell degranulation and the influx of
calcium into cells appears to be largely mediated by the calcium-release
activated channels. Furthermore, mast cell exposure to AgNPs was not
associated with apoptotic or necrotic cell death. Transmission electron
microscopy (TEM) images revealed that the uptake of AgNP into mast
cells was minimal. Taken together, these results suggest that exposure
to AgNP may trigger an immune response - through the activation of
mast cells - without necessarily causing a direct damage to cells. The
robust and quick activation of mast cells following exposure to AgNPs
as well as the minimal uptake of AgNPs into cells suggest a membrane
interaction mechanism. Our findings provide new insights into a mechanism of AgNP-mediated mast cell activation which could be key in
designing novel ENM that are devoid of immune system activation.

2907 Computational Toxicology Analysis of

Carfentrazone-Ethyl and MCPA Amine 4,
Pesticides Used in California’s Central Valley

R. Muralidharan, M. Choi, E. Dalvie, N. Soto, L. Yang, D. Faulkner,
and D. E. Johnson. University of California Berkeley, Berkeley, CA.
Biomonitoring (BIO) studies in the California Central Valley, including
BEST-Pilot and BEST-Expanded have measured blood and urine samples
to determine exposure and potential hazards to individuals living in
close proximity of agricultural fields where pesticides and herbicides
are sprayed. Pesticide BIO studies in the UK have indicated these challenges: the relatively short biological half-life of pesticides and metabolites in humans, weather changes affecting spray conditions, and the
lack of legal obligations of farmers to inform close-by residents. For this
study, we chose a specific area in the Central Valley where two chemicals
not on California’s biomonitoring lists are used, carfentrazole-ethyl (CE)
and MCPA Amine 4 (MCPA), and completed a computational analysis
of each chemical to judge whether they may reach a level of concern.
Tools used included ToxNet, T3DB, CTD, EPA data sources, Derek Nexus,
and Meteor Nexus. In addition, personal interviews with local residents
were utilized to access the information they received prior to chemical
applications. CE contains several structural alerts (SA) suggesting that
carcinogenicity, genotoxicity, eye irritation, respiratory tract irritation,
and skin irritation are considered plausible in mammals, although not
confirmed in toxicology studies. MCPA contains SAs associated with
plausible hepatotoxicity. In pesticide documents, CE poses a moderate
hazard to aquatic environments, with potential to accumulate in aquatic
organisms. MCPA is a potential groundwater contaminant. In humans,
CE may be theoretically linked to the disease variegate porphyria (VP)
by inhibiting protoporphyrinogen oxidase, and potentially interfering
with hemoglobin biosynthesis. A linkage between MCPA’s metabolite,
MCP, and genes CLCKNKA and CLCNKB could downregulate protein
channels associated with kidney salt reabsorption and inner ear potassium recycling, similar to a disease called Bartter syndrome. Both Bartter
syndrome and VP are rare inherited diseases, and the proposed associations remain theoretical. Workers with either chemical or in an agricultural region are more at risk and are required to use protective gear.
Interviews with local residents confirmed no information was received
prior to CE and MCPA application to agricultural fields next to residential
areas, and therefore no protective measures are implemented.

2908 Computational Toxicology Analysis of Three
Chemicals Found in Artificial Turf

V. Bahl, D. Faulkner, and D. E. Johnson. University of California
Berkeley, Berkeley, CA.
With increasing interest about the safety of recycled rubber tires used
in artificial turf (AT), samples from AT were analyzed and published by
Environmental and Human Health, Inc. GC-MS analyses identified three
major compounds (besides Butylated hydroxyanisole); n-hexadecane
(nHD), benzothiazole (BZT), and 4-(t-octyl) phenol (4tOP). The purpose
of this study was to determine if any of the three compounds rise to
a level of concern, and to potentially identify initiating events for the
compounds for any of the areas of toxicological concern. In this study,
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2905 Effect of Silver Nanoparticles on Larval

several tools were used to analyze the known and potential toxicity,
metabolism, and gene-chemical interactions of the three compounds
including CTD, T3DB, ToxCast HTS assay results, Gene Cards, Toxtree,
VEGA QSAR, MTiAutoDock, Derek Nexus, and Meteor Nexus. From a
chemical structural alert standpoint, BZT and nHD had no known structural alerts associated with toxicological concern. However, in some
assays, BZT has shown binding to the Estrogen Receptor (ER) and Aryl
hydrocarbon Receptor (AhR). The chemical 4tOP showed plausible
(weight of evidence supports the proposition) alerts for hepatotoxicity based on similarity to known hepatotoxic para-alkyl phenols, and
a structural alert for estrogenic activity. Extrapolating from the estrogenicity alert, 4tOP also showed a plausible alert for carcinogenicity
in mammals. Several assays have confirmed that 4tOP increased the
expression of ESR1 and ESR2 mRNA and that the compound also binds
to both cathepsin B and D. This evidence confirms that 4tOP would be
considered an endocrine disruptor (ED) and, in combination with other
chemical ED exposures, could rise to the level of a compound of concern
for individuals and environmental systems from exposures coming from
AT. The activity of 4tOP as an ED would be initiated by the binding of
4tOP to the ER. At this time there are no known studies showing details
of potential exposures of 4tOP from AT. ED exposures, depending on the
amount and timeframe, are known to be associated with an increase in
breast cancer in certain individuals.

2909 Computational Toxicology Analysis of Butylated
Hydroxyanisole, a Chemical Found in Artificial
Turf

V. Bahl, A. Lau, J. Zavala, A. Hurtado, D. Faulkner, and D. E.
Johnson. University of California Berkeley, Berkeley, CA.
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With increasing interest about the safety of recycled rubber tires used
in artificial turf (AT), Butylated Hydroxyanisole (BHA) provides an interesting case study of a chemical component of AT as it is both a Generally
Recognized as Safe (GRAS) food additive and an IARC Group 2B (possibly
carcinogenic to humans) chemical. BHA is primarily used as an antioxidant in food, animal feed, and cosmetics as well as a component of
rubber and petroleum products. The primary evidence for carcinogenesis in animals comes from studies in mice, rats, and hamsters where
oral exposure resulted in proliferative and neoplastic lesions of the
forestomach. While these types of cancers have not been shown to have
a direct correlation with human cancer, they provide a mechanism to
study the computational systems biology of potential human cancers
in general. In this study, tools used to analyze the toxicity and metabolism of BHA included KEGG, CTD, Gene Cards, Toxtree, VEGA QSAR,
MTiAutoDock, Derek Nexus, and Meteor Nexus. Two primary structural
alerts, 4-Alkyl Ether phenol and Hydroquinone are associated with oxidative stress, DNA damage, and correlate with skin sensitization. The
metabolism of BHA by oxidative-O-demethylation leads to the glucuronide, the main excretory pathway, and to tert-butylhydroquinone
(tBHQ) which is oxidized to 2-tert-butyl(1,4) paraquinone (TBQ) contributing to BHA-associated toxicity. Therefore, the metabolism of BHA
to tBHQ would be considered the molecular initiating event leading to
BHA-associated toxicity. Visualization of the interactions between tBHQ
and EGFR via MTiAutoDock, illustrated that the binding to EGFR, and
subsequent activation of the MAPK pathway, is spontaneous in vivo and
may result in unregulated cell proliferation. Further systems analysis
revealed a gene interaction network of 22 genes implicated in rodent
forestomach tumorigenesis, notably AHR, EGFR, JUN, MAPKs (ERK 1/2
and JNK 1/2), and TNF-α. Studies indicating that BHA may have chemoprotective effects when given in combination with known carcinogens
apparently involve inhibition of metabolic pathways at high doses both
in vitro and in vivo. While there is no known association between BHA
and health effects related to chemical exposure from artificial turf, these
findings illustrate the importance of considering multiple chemical
exposures that may involve overlapping systems biology effects.

2910 Microbiome-Related Metabolic Changes in

Plasma, Feces, Cecum Content, and Gut Tissue of
Antibiotic Treated Rats

C. Behr1, H. G. Kamp1, E. Fabian1, W. Mellert1, V. Strauss1, E. Peter2,
T. Walk2, and B. van Ravenzwaay1. 1BASF SE, Ludwigshafen am
Rhein, Germany; and 2metanomics GmbH, Berlin, Germany.
The gut microbiome is known to produce a variety of metabolites essential for the host’s health. Using antibiotics to induce an artificial shift of
the microbiome, we have tried to identify microbiome-derived metabolites in different matrices of the gut and in the blood of the host. After
28-day oral administration of antibiotics (vancomycin, streptomycin,
roxithromycin) to male Wistar rats metabolome profiling in different
matrices (plasma, feces, cecum content and gut tissue (jejunum, ileum,
cecum, colon and rectum)) with the same analytical method was per-

formed. To account for plasma metabolome changes caused by potential systemic toxicity we used the poorly or non-absorbable antibiotics
streptomycin and vancomycin. The results of the plasma profiling
showed three commonly down-regulated metabolites over three time
points (day 7, 14 and 28): glycochenodeoxycholic acid, hippuric acid and
taurocholic acid. Although vancomycin and roxithromycin have a more
similar antimicrobial spectrum, the metabolome treatment correlation
between vancomycin and streptomycin was higher. The plasma metabolite profile of roxithromycin and streptomycin did not correlate very
well. Treatment-related effects on the metabolome were observed in
a PCA for feces and cecum content, but not for gut tissue. These results
indicate that biomarker metabolites in plasma produced by the microbiome can be identified. Blood based metabolic profiling may be an
effective means to determine changes in the functionality of the microbiome - defined as the microbiome-derived metabolites absorbed by
the host.

2911 A Model for Estimating Systemic Toxicity Points-

of-Departure Using Chemical, Biological, Kinetic,
and Study Covariates

G. Ouedraogo1, M. Martin4, L. Pham4, S. Loisel-Joubert2, D.
Blanchet2, H. Noçairi1, J. Clouzeau2, S. Woodrow4, R. Judson4, C.
Grulke4, K. Mansouri4, and L. Truong3. 1L’Oreal R&I, Aulnay sous
bois, France; 2L’Oreal R&I, Clichy, France; 3Oregon State University,
Corvallis, OR; and 4US EPA, Research Triangle Park, NC.
Assessing repeated-dose systemic toxicity utilizing animal testing
is no longer permitted in specific chemical safety assessment arenas.
Regulatory changes such as the European Cosmetics regulation EC No
1223/2009 has not allowed such practices since 2013. Addressing this
issue with predictive approaches is a major challenge. This project aims
to advance the field by leveraging different data types, namely cheminformatics, bioactivity and kinetic parameters, and legacy study covariates (e.g., study type, strain, administration method) to predict systemic
toxicity points-of-departure (POD). Molecular descriptors were calculated using Toxprint and PaDEL, and new in-house models were used
to generate additional physicochemical properties. Bioactivity values
were derived from ToxCast data mapped to gene and biological process
targets. Kinetic parameters were estimated based on high-throughput
toxicokinetic data. Legacy systemic toxicity study data originated from
three databases (ToxRefDB, CosmosDB and HESS). A cross-validated
and externally-tested random forest model was built using 4382 studies
across 1201 chemicals to derive estimates of systemic toxicity studylevel POD. Baseline performance was set based on the study covariates
alone, which accounted for ~20% of the POD variance. Adding the
mean POD for each chemical only explained ~70% of the variance, providing a performance benchmark. The final model built using all feature
sets explained 38% of the variance in the external test set compared
to 20-30% when models were developed using isolated feature sets;
highlighting the advantage of combining feature sets. Inclusion of
ToxCast features (i.e. cytotoxicity, oxidative stress, xenobiotic metabolism) increased the biological interpretability of the model. Currently,
the model output provides a reliable estimate of systemic POD with
uncertainty quantified and in conjunction with other sources of information can be used in a weight of evidence approach when evaluating
repeated dose systemic toxicity.

2912 Designing a Quantitative Structure-Activity
Relationship for the Intrinsic Metabolic
Clearance of Environmentally Relevant
Chemicals

B. Ingle3, B. Veber1,2,, J. Nichols2, J. Wambaugh3, and R. TorneroVelez3. 1Oak Ridge Institute for Science and Education, Oak Ridge,
TN; 2US EPA, Duluth, MN; and 3US EPA, Research Triangle Park, NC.
Toxicokinetic models serve a vital role in risk assessment by bridging
the gap between chemical exposure and potentially toxic endpoints.
While intrinsic metabolic clearance rates have a strong impact on toxicokinetics, limited data is available for environmentally relevant chemicals including nearly 8000 chemicals tested for in vitro bioactivity in the
Tox21 program. To address this gap, a quantitative structure-activity
relationship (QSAR) for intrinsic metabolic clearance rate was developed
to offer reliable in silico predictions for a diverse chemical set. Models
were constructed with curated in vitro assay data for both pharmaceutical-like chemicals (ChEMBL database) and environmentally relevant
chemicals (ToxCast screening) from human liver microsomes (2176
ChEMBL) and human hepatocytes (757 ChEMBL, 332 ToxCast). Due to
variability in the experimental data, a binned approach was utilized to
classify metabolic rates. Machine learning algorithms, such as random
forest and k-nearest neighbor, were coupled with open source molecular descriptors and fingerprints to provide reasonable estimates of

2913 Comparative Genomic Dose Response Studies of
Microcystin-LR and -LA

Saddler2,

T. O.
M. J. Devito2, N. J. Walker2, N. J. Machesky1, M. K.
Vallant2, and S. S. Auerbach2. 1Battelle, Columbus, OH; and 2NIEHS,
Research Triangle Park, NC.
Microcystins are a collection of hepatotoxins produced by freshwater
cyanobacteria in large quantities during algal blooms and are increasingly being found in sources of potable water. WHO developed drinking
water guidelines based on microcystin-LR equivalents with the assumption that the more than 80 variants of microcystins act through similar
mechanisms to LR. In order to assess this assumption we have performed
an acute, single dose comparative toxicological assessment coupled to
genomic dose response studies in rat liver following exposure to microcystin-LR and -LA. Rats exposed to both LR and LA showed liver damage
(histopathological and by clinical chemistry) at a dose of 50 μg/kg and
higher. Phosphatase inhibition was observed at doses as low as 10 and
25 μg/kg with LR and LA , respectively. A no transcriptional effect level
was not observed as both treatments showed differentially expressed
genes at the lowest dose level (p<0.05, fold change ≥|2|) for LR (8 probe
sets at 1 μg/kg) and LA (54 probe sets at 10 μg/kg). Fold change correlation for the ~1900 probe sets affected by both treatments showed
positive relationship with R2 = 0.8. The most strongly induced genes in
both LA and LR were transcription factors related to immediate early
signaling (e.g. Fos, Egr2, Atf3). LA affected slightly greater number of
GO Biological Processes (GOBP) than LR (908 vs 761). Of the 761 GOBPs
affected by LR, 505 were also affected by LA albeit at slightly higher
doses. The most strongly affected GOBPs were similar between the
treatments with both showing effects related to GPCR and ion channel
signaling. One potentially notable exception was the finding the LA had
a more pronounced effect on amino acid metabolism. The most sensitive GOBP had median BMD values of 6 and 11 μg/kg for LR and LA,
respectively. Overall we find that LR and LA are highly similar from both
a biological and toxicological perspective.

2914 hERG Blocking and PLD Inducing Potentials of
Tyrosine Kinase Inhibitors

S. Slavov2, S. Li1, S. S. Shahane1, J. Zhao1, R. Huang1, M. Xia1, W.
Mattes2, and R. Beger2. 1NCATS, Bethesda, MD; and 2US FDA/NCTR,
Jefferson, AR.
Previously developed 3D-SDAR models for 572 overlapping human
Ether-à-go-go-Related Gene (hERG) ion channel blockers and phospholipidosis (PLD) inducers were used to predict the side effects of 26
tyrosine-kinase inhibitors (TKI). Both models were experimentally validated in large-scale (more than a thousand compounds in each case)
quantitative high throughput screening (qHTS) assays (ROCAUC hERG =
0.8 and ROCAUC PLD = 0.91) and were furthermore characterized by a
very low false negative rate. The use of a 3D-SDAR mapping technique
indicated the presence of structural features (two aromatic rings and
an amino-group) previously identified as elements of PLD and hERG
toxicophores. These toxicophores were also observed in TKI molecules
that were predicted as being strongly associated with high PLD induction and hERG blocking potentials. All TKIs, except for bortezomib,
pazopanib, sorafenib and vismodegib, were predicted as PLD positive,
whereas seven (bortezomib, erlotinib, idelalisib, ruxolitinib, tofacitinib,
trametinib and vismodegib) were predicted as hERG negative. For nine
of the modeled TKIs that were tested in the PLD and hERG in vitro qHTS
assays at NCATS, the experimental data confirmed the absence of false
negatives among the predicted compounds. Contrary to the bioassay
data, lapatinib was predicted as a PLD inducer. Similarly, desatinib,
imatinib and lapatinib, which were negative in the hERG assay, were
predicted as hERG blockers. However, a literature search returned multiple reports for the above 3 TKIs and their significant hERG blocking
potential resulting in QT prolongation (Hematol. Rev. 2009, 1:e4; Basic
Clin. Pharmacol. Toxicol. 2010, 107:614). The large number of predicted
hERG positives among the group of TKIs suggests caution might well
be exercised in their use in patients with compromised cardiac function.

2915 Prediction of Skin Sensitization Potency Using
Machine Learning Approaches

J. Strickland2, Q. Zang2, M. Paris2, D. Lehmann4, S. Bell2, D. Allen2,
J. Matheson1, A. Jacobs5, W. Casey3, and N. Kleinstreuer3. 1CPSC,
Rockville, MD; 2ILS, Research Triangle Park, NC; 3NIEHS, Research
Triangle Park, NC; 4US EPA, Research Triangle Park, NC; and 5US
FDA/CDER, Silver Springs, MD.
Replacing animal tests used for regulatory hazard classification of skin
sensitizers is one of ICCVAM’s top priorities. Accordingly, US federal
agency scientists are developing and evaluating computational
approaches to classify substances as sensitizers or nonsensitizers. Some
regulatory agencies require that sensitizers be further classified into
potency categories. We built machine learning models to classify substances using GHS categories as strong (1A) sensitizers, weak (1B) sensitizers, or nonsensitizers for both local lymph node assay (LLNA) and
human outcomes. The models used data from three in chemico or in
vitro assays (direct peptide reactivity assay, KeratinoSens, and human
cell line activation test) and six physicochemical properties. To determine the optimal model, four machine learning approaches were used:
classification and regression tree, linear discriminant analysis, logistic
regression, and support vector machine (SVM). Two strategies were
used for modeling: a one-tiered strategy modeled all three potency categories in a single step, while a two-tiered strategy first delineated sensitizer vs. nonsensitizer responses and then strong and weak sensitizers.
Models were developed on a training set (94 substances for LLNA; 63
for human) and evaluated using an external test set (26 substances for
LLNA; 24 for human). Leave-one-out cross validation (LOOCV) was used
to evaluate the models for overfitting. The two-tiered models performed
better than the one-tiered models, and SVM outperformed the other
machine learning approaches. The SVM models using all input variables
performed better than those using subsets of the input variables. The
two-tiered model using SVM and all input variables provided the best
performance: LOOCV accuracy was 88% for LLNA (120 substances) and
81% for human (87 substances) outcomes. This compares to an accuracy of 69% for LLNA prediction of human potency categories (87 substances). These results suggest that computational approaches may be
useful for assessing skin sensitization potency. This project was funded in
whole or in part with Federal funds from the NIEHS, NIH under Contract No.
HHSN273201500010C. This abstract does not represent US EPA policy or the
policy of any federal agency.
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2916 Transcriptomic Profiles for the Prediction of
Sexually Dimorphic Drug Metabolism and
Adverse Events in F344 Rats

J. Fuscoe2, J. Hanig1, J. Zhang2, L. Ren2, V. Vijay2, and Q. Shi2. 1US
FDA/CDER, Silver Spring, MD; and 2US FDA/NCTR, Jefferson, AR.
Possible sex- and age-associated susceptibilities to drug-induced
adverse events are often not adequately addressed in pre-clinical
studies. This can result in safety liabilities once an approved drug is
widely marketed. To help address the need for better preclinical predictions of drug safety, we have formed the following hypothesis: hepatic
transcription profiles can be used to predict age- and/or sex-related
differences in drug or chemical disposition and downstream adverse
events. This hypothesis is being tested in a rat model system where comprehensive hepatic transcriptomic profiles were generated in both sexes
of Fischer 344 rats at 9 ages, from 2 weeks of age (pre-weaning) to 104
weeks of age (elderly). Large differences in the transcriptomics profiles
of 29 drug metabolizing enzymes/ transporters were found between
adult male and female rats. Forty-one drugs were found to be metabolized by 1 or 2 Cyp’s encoded by sexually dimorphic mRNAs, and thus
are candidates for possible sexually dimorphic metabolism and/or toxicities. Thirty-three of these drugs were available and had solubility properties allowing for the analysis of sexually dimorphic metabolism and/
or toxicity in primary rat hepatocytes. Primary hepatocytes from male
and female adult rats (8-12 weeks old) were exposed to the 33 drugs at
concentrations ranging from 1- 30 times the human therapeutic plasma
concentration. Toxicity endpoints included necrosis (lactate dehydrogenase release), apoptosis (caspase activity), and energy homeostasis (ATP
levels) after 8 hr, 24 hr, and 48 hr of exposure. Initial results identified 16
drugs with possible sex-differences in toxicity. For example, the toxicity
of terfenadine showed a large sex-difference, with females being much
more sensitive to necrosis and ATP depletion than males. The much
higher levels of the transcript for Cyp3a2 (CYP3A4 in humans), the main
metabolizer of terfenadine, in males may account for this differential
toxicity. Thus, transcriptomics profiles may allow identification of potential sex-related differences in drug toxicity that may subsequently be
confirmed by utilizing appropriate in vitro and in vivo test systems.
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intrinsic metabolic clearance rates. Applicability domains defined the
optimal chemical space for predictions, which covered environmental
chemicals well. A reduced set of informative descriptors (including relative charge and lipophilicity) and a mixed training set of pharmaceuticals and environmentally relevant chemicals provided the best intrinsic
clearance rate predictions for both chemical classes. Ultimately, these
QSARs will aid in the construction of toxicokinetic models for the high
throughput identification of those chemicals with the highest probability of triggering an adverse outcome, and subsequent prioritization
of those chemicals for further experimental testing. While the presented
research has been subject the US EPA’s administrative review, the work is
that of the authors and does not necessarily represent Agency policy.

2917 The Validation of Integrated Testing Strategies
for Skin Sensitization: The Importance of
Reviewing the In Vivo Reference Data

M. L. Chilton1, D. S. Macmillan1, R. Parakhia2, D. O’Brien2, and A.
M. Api2. 1Lhasa Limited, Leeds, United Kingdom; and 2Research
Institute for Fragrance Materials, Inc., Woodcliff Lake, NJ. Sponsor:
C. Barber.
In recent years a number of Integrated Testing Strategies (ITS) have been
published which aim to predict the potential for a material to cause skin
sensitisation by combining data from various in chemico/in vitro assays
and in silico tools. One important aspect in the assessment of ITS is the
validation of these strategies using previously unseen data, which provides a better picture of their performance in real world situations. A
validation dataset was built by gathering in chemico/in vitro data from
the public domain for chemicals that have been tested in the Direct
Peptide Reactivity Assay, KeratinoSens assay and the human Cell Line
Activation Test, as well as the murine Local Lymph Node Assay (LLNA)
which was used as the reference in vivo data. Four published ITS (developed separately by BASF, Kao Corporation and Lhasa Limited) were
validated using the resulting dataset of 21 chemicals, none of which
were present in any the datasets used to develop the individual strategies. The performance of the four different ITS against the validation
dataset varied, with sensitivities ranging from 67% to 93% and specificities ranging from 17% to 67%. The number of false negatives and
false positives across the ITS ranged from 1 to 5. Individual analysis of
the materials revealed the importance of checking the in vivo reference
data, as some chemicals had been assigned as non-sensitisers in the
LLNA based on a low maximum tested dose (e.g. 10%) and therefore
may not represent true negatives in this assay. The available in vivo data
for a number of materials in the dataset were assessed in collaboration
with the Research Institute for Fragrance Materials, and 3 reference calls
were reassigned from negative to positive. When the ITS were re-validated some of the performance metrics improved as a result of the
changes, with sensitivities now ranging from 67% to 94% and specificities from 33% to 89%. The validation of four published ITS for skin sensitisation against a dataset of 21 previously unseen materials highlights
the importance of reviewing the in vivo data to ensure that the reference calls have been assigned appropriately. Doing so should aid in the
development and acceptance of ITS by ensuring that the reference data
against which new strategies are assessed are as accurate as possible.
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2918 Benchmark Dose Analysis of Chemical Effects in
Biological Systems (CEBS) Datasets

I. Lea1, L. Yang1, A. Rashid1, and J. M. Fostel2. 1ASRC Federal
Vistronix, Durham, NC; and 2NIEHS, Research Triangle Park, NC.
Sponsor: E. Mutlu.
The Chemical Effects in Biological Systems (CEBS: http://cebs.niehs.nih.
gov) database is a unique resource that compiles individual animal data
from the National Toxicology Program (NTP) testing program. Guided
Searches have been built to assist users to find specific types of data in
CEBS. One Guided Search, the ‘Look Up BMD Values’ Guided Search tool
enables users to review the dose response relationships between exposure and histopathology findings in NTP studies with statistically significant incidences of neoplastic or non-neoplastic lesions. Benchmark dose
(BMD) analysis is a method for assessing the risks associated with potentially hazardous compounds. Software (BMDS) developed by the US EPA
provides a method to estimate the dose of a chemical associated with a
specific response. The CEBS Look Up BMD Values allows the user to find
pre-computed BMD values for significant findings from chronic studies.
The CEBS Look Up BMD Values tool was developed using BMDS and provides access to dose response analysis of NTP toxicity data. Users select
the study of interest by reviewing a list of key study components such
as chemical name, CASRN, and species. Once a study has been selected,
all statistically significant neoplastic and non-neoplastic findings for the
study are shown. Users are able to evaluate lesion incidence in each dose
group for each organ, morphology and sex combination by selecting
the View Study Data button. The data are fitted to the multistage model
for benchmark dose analysis of dichotomous data with the original and
Poly-3 adjusted datasets analyzed. Poly-3 adjustment takes into account
the differences in survival times of animals when comparing tumor incidence rates. Selection of a specific organ - lesion combination produces
a table of BMD, BMDL (Benchmark Dose Lower Confidence Limit), BMR
(Benchmark Response) and AIC (Akaike’s Information Criterion) values
that enables the user to assess the models and select the one that provides an adequate fit for the dataset. A fitted dose-response curve with
data points and standard error bars is also plotted with identification
of BMD and BMDL values. The Look Up BMD Value search tool can be
accessed at: http://cebs.niehs.nih.gov/multistage/.

2919 Comparison of Metrics of Chemical Similarity in
High-Throughput Assays

F. Parham1, S. Auerbach1, J.-H. Hsieh1, and D. Svoboda2. 1NIEHS,
Research Triangle Park, NC; and 2Sciome, Research Triangle Park,
NC.
The chemical activity profiles derived from Tox21 assays provide data for
performing biological read-across. Best practices for relational analysis
of these data have not been established. We evaluate several relational
metrics by determining how they compare to chemical structural similarity, a common metric for evaluating the potential for chemicals to
produce similar biological effects. The data used for this analysis are
Tox21 assay endpoints (area under concentration-response curves) for
5107 chemicals. Three similarity metrics were calculated for the Tox21
activity profiles for each pair of chemicals: correlation, cosine similarity,
and concordance. All three were calculated using either primary data
or principal component scores. For both the primary data-based and
principal component-based analysis, the metrics were calculated with
or without scaling of the data by inverse standard deviation. A Tanimoto
similarity score based on structural descriptors was used as a measure
of structural similarity. The relationship of the structural similarity and
the activity profile similarity was calculated as the correlation of the
Tanimoto score and the activity profile similarity metric. This correlation
was calculated for three subsets of the chemicals representing broader
or narrower chemical space: 1) all chemical pairs 2) all pairs of chemicals
structurally similar to bisphenol A, estradiol, or testosterone, and 3) all
pairs of bisphenol A and any other chemical. Chemical pairs were also
subsetted by the number of assays in which the chemicals were active.
For the full data set, the highest correlation between the structural similarity and the Tox21 activity similarity was found using the correlation
coefficient of scaled data as the activity similarity metric. For subsets of
the data based on chemical class or number of active assays, the activity
similarity metric most highly correlated to structural similarity was most
often the cosine similarity based on the first 20 principal component
scores. When the analysis was restricted to pairs of chemicals with high
structural similarity, the activity profile similarity with the highest correlation to structural similarity was most often the correlation coefficient or cosine similarity, based on scaled principal component scores.
Thus, in some cases, using principal component scores may give a better
measure of chemical similarity than using primary data.

2920 The Heterogeneity of Toxic Load Exponents

Applied to Acute Inhalation Exposure Thresholds

A. J. Prussia, J. Hill, and E. Demchuk. ATSDR, Atlanta, GA. Sponsor:
P. Ruiz.
The toxic load exponent (TLE, the n-value in the ten Berge equation,
Cn x t = k) for a substance provides a method to extrapolate adverse
toxicological effects to short-term durations beyond the experimentally
measured values. TLEs are widely used for deriving acute inhalation
exposure thresholds, such as at the five durations (10 min, 30 min, 1
hr, 4 hr, 8 hr) determined for hazardous chemicals often used by government agencies. To derive the TLE for a chemical that has multiple
inhalation studies, the National Academies Acute Exposure Guide Levels
Committee occasionally combines studies’ incidence data and performs
a probit regression on the combined data. This type of meta-analysis can
be useful, but only if the combined studies represent a homogeneous
dataset. Using Finney’s method, we have tested homogeneity of the
data of all chemicals meta-analyzed by the Committee and found that
>50% of the datasets are, in fact, heterogeneous. In many cases combining the data causes substantial differences in the calculated TLE as
compared to those derived from the individual studies due to variability
in the effect sizes. In these cases, either use of a random effects model,
or designation of a key study passing quality control criteria would be
preferable. If neither approach is applicable, National Academies default
TLE values could be used for concentration-time extrapolation. The
proposed three-tier approach may result in inhalation threshold values
more consistent with experimental information.

2921 Molecular Initiating Events into the Adverse
Outcome Pathway Knowledgebase

Allen2,

T. E. H.
J. M. Goodman2, S. Gutsell1, and P. J. Russell1.
1Unilever, Sharnbrook, United Kingdom; and 2University of
Cambridge, Cambridge, United Kingdom. Sponsor: S. Edwards.
Toxicology is undergoing a paradigm shift, away from in vivo methods
and towards alternatives based on understanding the mechanisms
behind toxicological effects. One approach to this is the adverse
outcome pathway (AOP) framework, which aims to build understanding of the effects a toxicant has across all levels of biology. Each

AOP begins with a molecular initiating event (MIE), a chemical trigger
that starts the pathway. Chemistry is key to understanding the MIE.
Linking this chemistry to an AOP is key to predicting chemical toxicity.
Research at the University of Cambridge has involved the use of opensource receptor binding data from the ChEMBL database for pharmacologically important human targets (Bowes et al 2012). 2D Structure
activity relationships (SARs) have been constructed for these targets
(Allen et al 2016) and improved automated computational algorithms
have resulted in enhanced model performance. In the case of Opioid
Receptors this has resulted in an increase in sensitivity from 52.5% to
92.4% while maintaining a high specificity by using large molecular fragments. These 2D SARs have been used to define chemical categories
based on molecular structure. Such well-defined chemical categories
provide good test cases for the use of more computationally demanding
3D quantitative SAR approaches. Comparative molecular field analysis
has been used to produce 3D QSAR models and elucidate biological
information about the binding pockets of receptors. Adenosine A2a
Receptor binder activity (Ki) has been predicted for a number of chemical categories producing predictions within one Log unit of experimental values. A new aim for this work is to link these MIE predictions
to the AOP knowledgebase (AOP-KB). This link gives scientists the ability
to connect a predicted MIE for a novel chemical to a series of potential
AOPs and access to a wealth of AOP information in the KB which can be
used to guide risk assessment, providing information on key events and
adverse outcomes (AOs). In addition, by highlighting the characteristics
of a molecule which are of concern in silico a number of AOs can be systematically designed out of new molecules, reducing late stage failure
that has plagued compound development historically.

been shown to be highly persistent, bioaccumulative and toxic (PBT)
in the environment and associated degradation products are often of
greater concern. The goal for many companies is to identify PFCs with
less toxicity and environmental persistence to allow continued beneficial use of their unique material properties. A critical challenge for manufacturers in finding alternatives to problematic PFCs, or alternatives
to problematic chemicals in general, is the pervasive lack of authoritative or experimental data on the potential alternatives. SciVera applies
appropriate strategies through the use of software automation and
innovative techniques to guide manufacturers in selection of alternate
chemicals with preferred human and environmental health characteristics. Our team identified 19 PFCs of interest to the textile industry and
employed a combination of the SciVeraLENS® chemical assessment
platform, available modeling tools, ChemACE clustering, and our team’s
toxicology expertise to compare human health and environmental endpoints. We also examined data gaps and potential use of read-across and
analogous compounds in PFC hazard assessment. Hazard data for up
to 22 environmental and health assessment endpoints were compiled
and scored per the Globally Harmonized System for Classification and
Labeling of Chemicals (GHS) criteria. Our initial findings showed limited
experimental data available for 15 of the 19 PFCs and we assessed the
remaining 4 PFCs based on analogous compounds identified using the
classification scheme proposed by Buck et al. in 2011. Two of these PFCs
had 8 assessment endpoints with data gaps. Of all 19 compounds, a suitable analog from the correct family was identified for 14 by ChemACE,
while 5 were not assigned to a cluster. SciVera is assessing additional
PFCs of interest to the textile industry with this strategy in order to
develop a collection of PFCs and other textile chemicals with preferred
hazard profiles and help guide the textile industry and other industries
in sustainable chemical selection.

2922 Evaluation of Parameter Settings in Genomic

S. S. Auerbach3, J. Phillips4, D. L. Svoboda4, L. Yang6, B. Kuo2, R.
S. Thomas5, C. L. Yauk2, R. R. Shah4, and R. S. Paules3. 1Health
Canada, Ottawa, NC, Canada; 2Health Canada, Ottawa, ON,
Canada; 3NTP/NIEHS, Research Triangle Park, NC; 4Sciome LLC,
Research Triangle Park, NC; 5US EPA, Research Triangle Park, NC;
and 6Vistronix, Research Triangle Park, NC.
BMDExpress is a software package that is used for genomic benchmark dose (BMD) modeling. Originally designed to align with the EPA
methods for dose-response characterization, it uses continuous models
and fitting algorithms that are used in the EPA’s BMDS software. The first
version of BMDExpress was developed at the Hamner Institute in 2007.
BMDExpress 2.0, primarily developed by the US National Toxicology
Program, retains all the functionality of the original BMDExpress and
incorporates several new features that greatly enhance the utility and
functionality of the application, including on the fly data filtration, batch
processing, and data visualization enhancements. Using BMDExpress
2.0, we have done an empirical evaluation of methods for performing
genomic BMD modeling with microarray data. The evaluation process
considered 3 parameters: noise reduction, permissivity and reproducibility. To identify appropriate thresholds for limiting false discovery
(noise reduction), we performed genomic BMD analysis on null data sets
(dose-response sets created from control animals) using 20 different
sets of filtering parameters that included different statistical thresholds,
multiple testing correction, and fold change. Next, we employed a set
of repeat dose studies from the TG-Gates dataset that measured the
response of rat liver to 3 different pharmacological PPARα activators
over 4 time points. These datasets were analyzed with BMD Express 2.0
with the same filtering parameters used in the noise reduction assessment to determine reproducibility of overlapping active molecular
biological processes at each time point. The same set of TG-Gates data
and filters was also used to determine the combination of settings that
maximizes the number of affected molecular biological processes (i.e.,
permissiveness). An integrated evaluation of the three metrics, false
discovery, reproducibility, and permissiveness, led to the selection of
nominal p-value<0.05 and fold change cut off ≥ |1.5| as the optimal
combination of settings for genomic BMD analysis. This abstract does not
represent US EPA policy.

2923 Screening-Level Hazard Assessment Strategies
for Perfluorinated Compounds

C. E. McLoughlin, P. J. Beattie, M. C. Ruhter, and J. P. Rinkevich.
SciVera, LLC, Charlottesville, VA.
Perfluorinated compounds (PFCs) can be highly useful industrial chemicals providing unique properties for many applications for consumer
goods. Among the numerous applications for PFCs are nonstick cookware surfaces, fire-fighting agents, and durable water, soil, and stain
repellents in textiles. However, PFCs, particularly long-chain PFCs, have

2924 hERG Potassium Channel Models for Torsade de
Points

M. Sharifi, D. Buzatu, S. Harris, and J. Wilkes. US FDA/NCTR,
Jefferson, AR.
Blockage of the hERG cardiac potassium channel delays cardiac repolarization and can induce arrhythmia in human. Detection of drug risk
for causing hERG block is considered essential by drug regulators. The
objective of the present study is to develop an SAR like model that can
be used as an early screen for torsadogenic potential in drug candidates.
The method is performed using descriptors comprised of NMR chemical
shifts (13C and 15N NMR) and corresponding interatomic distances which
are combined into a 3D abstract space matrix. The method is called
3D-SDAR (quantitative spectral data-activity relationship) and can be
interrogated to identify molecular features responsible for the activity
and can yield simplified hERG toxicophores. A dataset of 55 hERG inhibitors collected from Kramer et al. [Scientific Reports 3:2100] consists of
32 torsadogenic and 23 non-torsadogenic compounds was used for
3D-SDAR modeling. The dataset was divided into training (70%), internal
test (20%) and external test (10%) sets. Two approaches were used to
model the data: 1) partial least squares (PLS) was used to define collinearities among the independent 3D-SDAR variables and 2) artificial
neural network (ANN) with multilayer perceptron. R-squared values of
0.940, 0.401 and 0.733 (training, internal and external sets respectively)
were obtained using PLS. The PLS algorithm produced quantitative
results using logarithm of IC50 activity values. Likewise, utilizing ANN
models for classification in Matlab produced correlation coefficients for
prediction ability values of 1.0, 0.72 and 1.0 (for training, internal and
external sets, respectively). In conclusion, 3D-SDAR was successfully
used to build a predictive model for torsadogenic potential based on
55 compounds.

2925 Methods for In Silico Tool Enhancement to
Support Safety Related Strategies

Hasselgren1,

C.
F. Atienzar2, K. Cross1, A. Delaunois2, H. Gerets2, G.
Myatt1, and J.-P. Valentin2. 1Leadscope Inc., Columbus, OH; and
2UCB Biopharma SPRL, Braine-L’Alleud, Belgium.
Over the last decade, we have seen increasing development and deployment of in silico tools in drug discovery as core parts of the safety-related
strategies. In addition, the use of such tools is gaining regulatory acceptance with the implementation of the ICH M7 guidelines for genetic toxicity prediction of impurities, as well as the suggested updates to the S7B
guidelines for cardiotoxicity prediction. Consequently, we have modified our internal strategies within UCB over the last year accordingly.
In the area of cardiotoxicity, we developed an internal QSAR model for
experimental prioritization for the hERG assay, as well as implemented
the use of a cardiac action potential model. The hERG model incorporated 2,300 UCB compounds and was built using a recursive partitioning
method. The accuracy of the model on a temporal test set of 500 com-
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Benchmark Dose Analysis That Minimize False
Discovery and Maximize Reproducibility

pounds is 67% with a sensitivity of 77% and a specificity of 64%. For
mutagenicity, our internal dataset is smaller and more challenging to
model. For this endpoint, we have developed a method that incorporates the information content of proprietary datasets, without actually
disclosing or sharing any of the underlying compounds or experimental
data.1 The methodology employs a SAR fingerprint to identify activating
and deactivating structural features, derived from a large compilation of
proprietary datasets. In this study we present a novel application area
for this method as a way to improve the coverage and predictivity of our
internal dataset of 930 compounds. First, we identified areas in structural
space that are challenging to predict and second, we further developed
the fingerprint method and pooled information from external sources
to generate alerts with improved predictivity. On our internal set, we
improved both sensitivity (from 26% to 71%), and positive predictivity
(from 34% to 43%) whilst keeping accuracy, specificity and negative
predictivity high: 79% to 83%, 90% to 85% and 85% to 95%, respectively compared to using the unmodified alerts. The positive predictivity
did not improve significantly due to only 14% active compounds in the
dataset. Coverage also improved from 62% to 100%. The improvement
of performance is highly significant in supporting decision making in
our drug discovery projects. References: [1] Ahlberg, E. et al. Regul. Toxicol.
Pharmacol., 77, 2012, p1-12

2926 Variability within Systemic In Vivo Toxicity
Points-of-Departure

L. L. Pham, W. R. Setzer, and M. Martin. US EPA, Research Triangle
Park, NC.
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In vivo studies have long been considered the gold standard for toxicology screening and deriving points of departure (POD). With the
push to decrease the use of animal studies, predictive models using in
vivo data are being developed to estimate POD. However, recent work
has illustrated that currently available in vivo data are not without
variability and error. This presents a challenge for predictive modeling efforts. The first goal of the current work was to characterize and
quantify explained and unexplained variability within systemic in vivo
POD values. The second goal was to characterize the degree to which
groups based on chemical fingerprints can account for variance of PODs
among studies. The present study was done using the US EPA’s Toxicity
Reference Database (ToxRefDB) which contains around 5,000 in vivo toxicity studies from the Office of Pesticide Programs National Toxicology
Program, pharmaceutical industries, and publically available literature
covering over 1,000 chemicals. We used multilinear regression and analysis of variance (ANOVA) to account for known variability due to study
conditions (e.g., species, strain, study type, dose spacing) and estimate
the unexplained variability of the log10 (POD) to be 0.33. The variance
among chemical treatments is about 0.46, while the other study conditions explain substantially less of the variance. Stratifying the dataset by
chemical class showed similar results, indicating stability of the ANOVA.
In the second analysis, chemicals where then grouped by toxprint
chemotypes using k-means clustering. Replacing individual chemicals
with unsupervised chemical groupings based on structural fingerprints
produced greater unexplained variance across varied numbers of clusters. The naïve structural similarity only accounts for a small amount of
variability and further supports the challenges of developing predictive
models of conventional PODs. Our estimate of unexplained variance
defines an upper bound on the precision that can be obtained on predictions from toxicity models trained on conventional PODs derived
from in vivo data. This abstract does not necessarily reflect US EPA policy.

chemicals, and was used for predicting clusters for the test chemicals.
Next, similarity-weighted read-across predictions were made for each
of the test chemicals using analogs from the cluster within a threshold
of similarity range. (2) QSAR: The continuous descriptors were normalized to have mean=0 and standard deviation=1. QSAR models were
then developed using random forest and support vector machines.
The models were evaluated using a 5-fold cross-validation scheme. The
best read-across and QSAR model for fub (range: 0 - 1) in plasma had a
cross-validated root-mean-squared-error of 0.24 and 0.25, respectively.
The difference in parameter mean values between clusters, as measured
with a T-test, suggest that fub in plasma is more structurally predictable than intrinsic clearance. Future work includes building predictive
models for intrinsic clearance and incorporation of uncertainty in experimental data to quantify uncertainty in model predictions. This abstract
does not necessarily represent US EPA policy.

2928 Developmental and Reproductive Toxicity

Predictions in Derek Nexus: External Validation
with Two Expertly Called Datasets

B. Surfraz, and A. Fowkes. Lhasa Limited, Leeds, United Kingdom.
Sponsor: C. Barber.
Derek Nexus (DX) is an in silico expert system which provides a toxicity
prediction based on structure-activity relationship alerts [1]. DX currently
has 88 alerts covering developmental and reproductive toxicity (DART)
endpoints including 82 alerts for teratogenicity of which 32 alerts are
based on molecular initiating events (MIEs) relevant to teratogenicity.
A DART evaluation of DX was last reported in 2005 [2] and considerable
improvement has been made since. A new external validation is reported
using 2 published datasets. Dataset A contains 716 chemicals with
active/inactive binary call assigned for both teratogenicity and developmental toxicity (DT) based on author-assessed toxicity of each chemical
[3]. Similarly, a second set of 292 compounds, dataset B, also provided
a binary activity call for DT [4]. Both dataset were then batch-processed
separately through DX. With 35% teratogenic substances present, a sensitivity, specificity and balanced accuracy of 53%, 77% and 65% respectively were obtained with dataset A. With 86% actives for DT in dataset
A, the sensitivity, specificity and balanced accuracy were 38%, 72% and
55% respectively. DX provided a prediction for 36% of compounds from
dataset A for endpoints such as teratogenicity, androgen receptor modulation as an MIE endpoint and testicular toxicity. Dataset B, with 69%
active compounds for DT, provided 37% sensitivity, 72% specificity, and
66.5% balanced accuracy. The data-dependant validation outcomes are
significantly better than previously reported. DX offers accurate and
transparent predictions for specific and complicated endpoints such as
teratogenicity based on well investigated chemical classes, all of which
is helpful to the expert to decide the next step. In contrast, the DART and
DT models which were trained with datasets A and B respectively each
provides a broad assessment with focus on sensitivity. An analysis of
the activated DX alerts and the 25 chemical categories associated with
the DART model showed that 18 of these categories overlapped with a
DX alert with 13 of them matching at least 2 teratogenicity alerts. This
clearly shows that DX predicts for a diverse range of chemicals for DART.
References [1] https://www.lhasalimited.org/products/derek-nexus.htm [2]
Maslankiewicz et al., RIVM report 601200005/2005. [3] Wu et al., Chemical
Research in Toxicology, 2013, 26; 1840-1861. [4] Cassano et al., Chemistry
Central Journal, 2010, 4; S4.

2929 Computational Systems Analysis of Si Ni Tang, a
2927 Using Chemical Structure Information to Predict
In Vitro Toxicokinetic Parameters

P. Pradeep. US EPA, Durham, NC.
Toxicokinetic data are key for relating exposure and internal dose when
building in vitro-based risk assessment models. However, conducting in
vivo toxicokinetic studies has time and cost limitations, and in vitro toxicokinetic data is available only for a limited set of chemicals. Data gap
filling techniques are commonly used to predict hazard in the absence
of empirical data. The most established techniques are read-across and
quantitative structure-activity relationships (QSARs). This study aims at
utilizing both of these techniques to develop predictive models for two
in vitro toxicokinetic parameters: fraction unbound (fub) in plasma and
intrinsic clearance. The analysis relied on a dataset of ~7k chemicals with
predicted exposure data, of which 974 chemicals had human in vitro fub
in plasma and 540 chemicals had human in vitro intrinsic clearance data.
Chemotyper and PubChem fingerprints, and PaDEL descriptors were
used as chemical structural features. Unsupervised feature selection was
performed to remove the features with less than 80% variance. Readacross and QSAR models were then developed as follows: (1) Readacross: unsupervised KMeans clustering was performed on training

Traditional Chinese Medicine, on Coronary Heart
Disease and Analysis of Potential Polypharmacy
Interactions with Western Medications

T. Xiao, S. Wong, and D. E. Johnson. University of California
Berkeley, Berkeley, CA.
Si Ni Tang (SNT) is a Traditional Chinese Medicine (TCM) recipe comprised of aconite, ginger, and licorice. Clinical trial evidence with Si Ni
Decoction showed improvement of cardiac function and regulation
of blood lipid metabolism in patients with coronary heart disease
with angina pectoris. The control and treatment groups both received
nifedipine (N), isosorbide dinitrate (ID), and enteric soluble aspirin
(ASA). In this study, a network pharmacology model was developed
to explore cardiologic effects of phytochemicals in SNT and potential
interactions with Western medicines (WM). Of 215 phytochemicals
in SNT, 38 based on oral bioavailability and drug-likeness estimates
were analyzed for cardiovascular effects with chemical-target-disease
network interactions. Tools included TCMSP, WHO monographs, KEGG,
STITCH, SwissTargetPrediction, CTD, and ChemProt. The drug interactions between SNT and WM used in the clinical trial were also mapped.
Identified mechanisms of action were confirmed from literature sources
to explore advantages and potentially toxicity of polypharmacy. For

instance, ASA, N, and aconite derivatives target the same SLC6A2 sodium-dependent norepinephrine transporter, which regulates heart rate
by modifying the inhibition of norepinephrine reuptake. In addition, N
and some gingerol derivatives regulate expression of ESR1 and ESR2,
potentially providing multiple cardioprotective effects. These polypharmacy effects suggest both positive and potentially adverse effects
based on dosages and regimens. In TCM, aconite roots are utilized after
soaking and boiling which hydrolyzes aconite alkaloids to less and
potentially non-toxic derivatives. Ingestion of the wild plant can result in
cardiotoxicity and neurotoxicity; essentially through an excessive pharmacological effect via the same targets giving a positive pharmacologic
activity. The use of aconite tinctures, without processing accounts for
the majority of aconite poisonings; and therefore the toxicity of aconite
must be considered when using any formulation other than a decoction.
The systems-network pharmacology model, using SNT as the case study
example, provides an excellent way to examine both the positive and
potentially negative effects from a polypharmacy approach which is a
standard practice with patients using TCM.

Where more than one structural alert was fired in Derek Nexus, the most
potent prediction was retained, and the accuracy of the predictions was
judged according to several criteria. The model correctly predicted (CP)
or over-predicted (OP) the potency of approximately 70%-80% of the
compounds and under-predicted (UP) the potency of approximately
20%-30% of the compounds within a given criteria. Specifically, within a
factor of 3 of the actual LLNA value (26% CP / 42% OP / 32% UP), within a
factor of 5 of the actual LLNA value (47% CP / 35% OP / 18% UP), within
the same ECETOC potency category (37% CP / 40% OP / 23% UP), and
within the same GHS classification category (77% CP / 7% OP / 16% UP).
These data are encouraging, considering the model is most commonly
used in a weight-of-evidence approach to assess dermal sensitization
potential early in drug development when data are scarce. By correctly
predicting or over-predicting the EC3 value, the model ensures that
both the OELs assigned and the resulting handling practices are sufficiently conservative to be protective of human health.

2932 Identifying Metabolically Active Chemicals Using
and Secondary Amines

a Consensus Quantitative Structure Activity
Model for Estrogen Receptor Binding

R. Beger2, S. Slavov2, I. Slavova2, C. Barber1, J. Vessey1, and M.
Patel1. 1Lhasa Ltd, Leeds, United Kingdom; and 2US FDA/NCTR,
Jefferson, AR.

J. A. Leonard1, C. Stevens2, K. Mansouri3, D. Chang4, and Y.-M.
Tan3. 1Oak Ridge Institute for Science and Education, Oak Ridge,
TN; 2US EPA, Athens, GA; 3US EPA, Durham, NC; and 4US EPA,
Washington, DC.

Regardless of the control and elimination strategies, impurities are
present in all drug formulations. Some of these impurities have the
potential to induce permanent transmissible changes in DNA. The Ames
assay using Salmonella typhimurium is an early screen for mutagenicity,
but requires both time and a large amount of compound (~0.75-1g).
Hence, under ICH-M7 accurate computational prediction of the mutagenic potential of chemicals is an alternative to a full GLP Ames assay.
Among all impurities, the aromatic amines are of most concern due to
their powerful carcinogenic and mutagenic potential. Datasets of 579
primary and 437 secondary amines provided by Lhasa Ltd were used to
model the mutagenic potential of aromatic amines. A 3D-SDAR methodology employing a bagging-like PLS approach to process binned
molecular fingerprints constructed from the chemical shifts of 13C and
15N atoms augmented with their corresponding atom-to-atom distances
was used. To improve the models’ discrimination power, the original
categorical class assignments of 0 and 1 (encoding for negative and positive consensus Ames assay outcomes) were converted to continuous
values. After curation the number of primary amines was reduced to 554
chemicals, whereas the secondary amines were reduced to 419. Both
sets were split into training (3/4 of the total number of compounds)
and external test (1/4 of the total) subsets. A tessellation using 8 ppm x
8ppm x 1 Å bins for the C-C region of the SDAR space and 8 ppm x 20
ppm x 1 Å bins for the C-N region was found to result in a model whose
performance characteristics for the primary amines “blind” test set were
as follows: accuracy of 0.80, sensitivity of 0.81 and specificity of 0.79.
The accuracy, sensitivity and specificity for the secondary amines test
set were 0.78, 0.79 and 0.77, respectively. A 3D-SDAR mapping technique was used to decode the structure-activity relationships and identify structural alerts associated with mutagenicity. This model enables in
silico predictions that could be almost instantaneous, thus saving time
and expensive lab testing.

Endocrine disrupting chemicals (EDCs) are abundant throughout the
environment and can alter neurodevelopment, behavior, and reproductive success of humans and other species by perturbing signaling
pathways related to the estrogen receptor (ER). A recent study combined results across 18 ER-related assays in the ToxCast in vitro screening
program to predict the likelihood of a chemical exhibiting in vivo estrogenic activity, with the purpose of eliminating chemicals that may
produce a false signal by interfering with the technological attributes
of an individual assay. However, flaws in in vitro assay design can also
prevent induction of signal activity by EDCs. Another reason for not
observing activity for some EDCs in in vitro assays is that metabolic activation is required to perturb ER-related pathways. In the current study,
1,024 chemicals were identified as lacking ER activity after establishing
a consensus across each of the 18 ER-related in vitro assays, and nearly
2,000 primary and 3,700 secondary unique metabolites were predicted
for these chemicals. The ER binding activity for each metabolite was
then predicted using the existing Collaborative Estrogen Receptor
Activity Prediction Project (CERAPP) consensus model. Binding activity
was predicted for 2-3% of the metabolites within each generation. Of
the inactive parent compounds generating at least one metabolite
predicted to have ER-binding activity, nearly 30% were found to have
metabolites from both generations with such activity. About 10-25%
of these inactive compounds with active metabolites (e.g., azobenzene and p-cresol) are considered to be estrogenic in vivo, thus identifying their active metabolites illuminates their safety concerns. The
approaches presented here can be used to increase confidence in in
vitro screening results, through identification of potential parents that
are inactive under in vitro conditions but that might become metabolically active in a whole organism. Disclaimer: The views expressed in this
presentation are those of the authors and do not necessarily represent the
views or policies of the US EPA.

2931 Performance of Derek Nexus’ In Silico EC3 Model
for Predicting Dermal Sensitization Potency

J. Hillegass1, D. S. Macmillan2, M. L. Chilton2, J. Gould1, J. Graham1,
W. Luo1, and G. Schulze1. 1Bristol-Myers Squibb Company, New
Brunswick, NJ; and 2Lhasa Limited, Leeds, United Kingdom.
Dermal sensitization leading to allergic contact dermatitis is one of the
most commonly observed occupational health issues. Consequently,
there exists a need for tools capable of providing rapid and accurate
assessments of both dermal sensitization potential and potency for
hazard identification purposes. In consideration of potency specifically, these data are often utilized to define occupational exposure
limits (OELs) and related handling practices. To this end, Derek Nexus’
EC3 model was evaluated for its performance within the Bristol-Myers
Squibb chemical workspace. This in silico model utilizes a k-Nearest
Neighbors approach and defines a weighted EC3 average scaled by
the Tanimoto distance between the query and data set compounds,
thereby providing an estimate on dermal sensitization potency. A data
set of 473 proprietary active pharmaceutical ingredients and intermediates were initially evaluated, representing both sensitizers (n=117) and
non-sensitizers (n=356) as determined by the local lymph node assay
(LLNA). After a number of model rules were applied, 43 total compounds
remained and were run through the EC3 model (v.1.0.5) within Derek
Nexus (v.5.0.1) and compared to the EC3 values obtained in the LLNA.

2933 Estimating Variability of a Chemical LD50
R. C. Siwakoti1, A. J. Prussia1, and G. Demchuk2. 1ATSDR, Atlanta,
GA; and 2CDC/ATSDR, Atlanta, GA. Sponsor: P. Ruiz.
Median Lethal Dose (LD50) is the most commonly available endpoint in
mammalian toxicology. The ability to utilize LD50s in absence of other
low dose toxicological endpoints could be a valuable adjunct in risk
assessment. However, there is a degree of uncertainty associated with
any LD50, which becomes apparent when multiple LD50s for a chemical are available. The degree of uncertainty associated with LD50s in
the published literature is currently unknown. The present study was
designed to address this issue. LD50s were extracted from the ATSDR
MRL, NIOSH RTECs, and NIH ChemIDplus databases and categorized by
animal model. Molar LD50s were found to follow a lognormal distribution. Assuming the standard lognormal distribution of errors in sample
molar LD50s, the standard deviation was calculated as a measure of variability. The standard deviation of any given log10-molar LD50, irrespective of chemical or experimental species, was estimated at 0.3. This value
can be transformed into a confidence bound for any standalone LD50 or
a geometric mean of a group of LD50s, thus minimizing the risk of overor underestimating chemical toxicity. It is, therefore, proposed that the
reported standard deviation be taken into consideration in the process
of chemical risk assessment.
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2930 Modeling the Mutagenic Potential of Primary

2934 Integration of In Silico Methods and

Computational Systems Biology to Exploring
Endocrine-Disrupting Chemical Binding with
Nuclear Hormone Receptors

P. Ruiz1, M. Wampole3, S. Bobst4, and M. Vracko2. 1ATSDR/CDC,
Atlanta, GA; 2Kemijski inštitut/National Institute of Chemistry,
Ljubljana, Slovenia; 3Thomson Reuters, New York, NY; and 4ToxSci
Advisors, Houston, TX.
Thousands of potential endocrine disrupting (ED) chemicals present difficult regulatory challenges. The US EPA has released its Tier 1 screening
assay results for a set of pesticides in the Endocrine Disruptor Screening
Program (EDSP), and recently, the Collaborative Estrogen Receptor
Activity Prediction Project (CERAPP) data. In this study, the predictive ability of quantitative structure activity relationships (QSAR) and
docking approaches is evaluated using these data sets. It also presents
a computational systems biology approach using Carbaryl as a case
study. Consensus and integration of methods on data sets (such as pesticides) is of high interest to stakeholders, as these could improve risk
assessment and guide further experimental testing. For estrogen (ER)
and androgen receptor (AR) predictions, two commercial and two open
source QSAR tools were used, as well as the docking tool DISRUPTOME.
For ER binding predictions, ADMET Predictor, VEGA and OCHEM models
(Specificity: 0.88, 0.88 and 0.86, and accuracy: 0.81, 0.84, 0.88, respectively) were each more reliable than the MetaDrug model (Specificity
0.81 and accuracy 0.77). For AR predictions, the DISRUPTOME and
ADMET Predictor models (Specificity: 0.94 and 0.8, and accuracy: 0.78,
0.71, respectively) were both more reliable than the MetaDrug model
(Specificity 0.33 and accuracy 0.4). The consensus approach for deriving
ER predictions would reduce the limitations inherent when using a single
prediction by reaching an agreement amongst the models (Specificity
0.94 and accuracy 0.89). This study integrates several approaches as a
virtual screening tool for use in risk assessment. As such, this toxicity
pathways analysis provides a means to assess the potential for effects on
metabolic enzymes, androgen receptors and xenobiotic transporters.

2935 An Integrated Chemical Environment to Support
21st Century Toxicology
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S.
J. Phillips3, A. Sedykh3, C. Sprankle1, S. Morefield1, D. Allen1,
W. Casey2, and N. Kleinstreuer2. 1ILS, Research Triangle Park,
NC; 2NIEHS, Research Triangle Park, NC; and 3Sciome, Research
Triangle Park, NC.
Traditional tests to evaluate chemicals for their potential impact on
human and environmental health have been performed using animal
models, with varying degrees of success in accurately identifying
hazards. Advances in science and technology offer the potential for
developing more effective approaches based on higher throughput
testing methods and computational models. However, developing and
evaluating these methods and models require high-quality curated data
and appropriate tools. To address the need for these resources, NICEATM
has developed the Integrated Chemical Environment (ICE). ICE has three
components to assist researchers and regulators in evaluating chemical
effects: a data integrator, computational models and workflows, and
educational tutorials exploring these tools and on designing alternative approaches for scientific and regulatory needs. The data integrator
brings together curated in vivo test data, reference chemical information, in vitro assay data (including data from high throughput screening
programs), and in silico predictions. The ICE interface integrates these
data in a meaningful and transparent format to facilitate hypothesis
generation and testing. Users can query these data collections focusing
on endpoints of interest, such as acute systemic toxicity or skin sensitization. Open-source computational software and workflows available via the resource use data obtained either from the ICE integrator
or provided by the user to perform in silico predictions (e.g. IVIVE/PBPK
modeling, structure-based property values, or toxicity pathway signatures). The ICE educational resources allow users to explore the computational methods and learn more about their capabilities and limitations
as well as the needs and challenges associated with developing new
chemical evaluation methods. Our ultimate goal is for ICE to support the
growing community of novel test method developers and users as part
of a strategy for implementing 21st century toxicity testing approaches.

2936 Identifying Biologically-Relevant Signals and
Curve Classes in Tox21 qHTS Data

F. Melnikov2, A. Voutchkova-Kostal1, J. Kosal1, J. Zimmerman2, and
P. Anastas2. 1George Washington University, Washington, DC; and
2Yale University, New Haven, CT.
Animal bioassays are expensive, time consuming, and often suffer from
limited relevance to human toxicity endpoints. To supplement conventional testing strategies, US Tox21 program profiled 10K-compound
library across a panel of multiplexed, stress-response assays. However,
the assay results can be difficult to interpret and use in chemical assessment or design due to technology artifacts and non-monotonic concentration-response curves (CRCs). To better characterize the signal
types observed in Tox21 library, we propose a CRC fitting algorithm for
the multiplexed quantitative high throughput screening (qHTS) data
that accounts for non-monotonic CRCs and interactions between stress
response and cytotoxicity endpoints. The algorithm combined heuristic
data-processing with statistically-robust CRC fitting procedure and
provides standard curve inference parameters (AC50 and Emax), as well
as weighted area under the curve (wAUC), point of departure (POD),
and the associated uncertainty estimates. Finally, we identify curve
classes based on the curve shapes and interactions between the stress
response and cytotoxicity endpoint to better qualify the biological
effects observed in the assay battery. The inference from the curve-fitting algorithm will be used to identify hazardous chemicals and design
safer alternatives in accordance with the principle of green chemistry.

2937 Uncertainty Quantification in High-Throughput
Screening Models of Endocrine Disruption

E. D. Watt, and R. S. Judson. US EPA, Research Triangle Park, NC.
Computational models built on the US EPA’s ToxCast data are being
used to rank and prioritize the toxicological risk of tested chemicals
and to predict the toxicity of tens of thousands of chemicals not yet
tested in vivo. As these models are increasingly used in risk decisions,
methods to quantify the uncertainty in model predictions are increasingly important. Uncertainties from parameter estimation, model selection, and the hit call need to propagate through models and analyses
built on the data. Left unquantified, this uncertainty causes difficulty in
fully interpreting the data for risk decisions. Using uncertainty quantification, our goal is to improve the quality of models using data from high
throughput screening assays for use in risk decisions. We used bootstrap
resampling methods to quantify uncertainty in model fits of concentration response data. We calculated confidence intervals for potency and
efficacy parameters, and shifted model selection and hit calling from a
binary determination to a probabilistic quantification. These uncertainty
estimates were then propagated through mathematical models built to
predict bioactivity from ToxCast data. We explored our method’s utility
by quantifying uncertainty in models of endocrine disruption. Examples
include estrogen and androgen pathway model scores, androgen antagonism selection, and selectivity scoring of in vitro thyroid peroxidase
potency relative to cytotoxicity and non-specific enzyme inhibition. By
quantifying uncertainty in model predictions, we were able to better
identify false positives and negatives in model predictions. Bootstrap
resampling allowed us to improve separation of biological activity from
assay noise and enhance the quality of model output, and thus increase
confidence in model predictions for use in risk decisions. This abstract
does not necessarily reflect US EPA policy.

2938 Integrative ‘Omics: Developing Paradigms to
Address the Dark Matter of the Exposome

D. P. Jones, K. Uppal, D. Walker, J. Roede, and Y.-M. Go. Emory
University, Atlanta, GA.
Evidence from liquid chromatography-ultra-high resolution mass spectrometry of plasma from case-control studies of human disease shows
that more than half of the accurate mass ions that are correlated with
disease do not match any known chemical in human metabolomics
databases. These unidentified chemicals are termed the “dark matter
of the exposome” because they represent chemicals known to occur
in humans but uncharacterized by science. These chemicals are often
present at very low abundance and inconsistently found among individuals, making their study and identification difficult. In this study,
we examine the tools available for computational toxicology and integrative omics to address their suitability for study of the dark matter
of the exposome. A transcriptome-metabolome wide association study
(TMWAS) in cultured cells is suitable for characterization of known chemicals and has additional utility when combined with redox proteomics
analyses using xMWAS software, an R package for integrative omics
analysis tool. However, this approach requires knowledge of chemical

2939 CIIProCluster: Developing Read-Across

Predictive Toxicity Models Using Big Data

D. P. Russo, W. Wang, and H. Zhu. Rutgers University, Camden, NJ.
Accurate predictive computational models for complex toxicity endpoints, e.g. oral acute toxicity and hepatotoxicity, have remained
elusive. The difficulties in model development for these endpoints can
be attributed to the complex mechanisms relevant to the toxicity phenomena. Recent work has shown that incorporating biological data into
model development has resulted in better predictivity and allowed for
intuition on mechanisms of action for toxicants. However, in the current
big data era, finding and characterizing relevant biological data to evaluate the chemical toxicity of interest is a major challenge. The Chemical
In Vitro, In Vivo Profiling portal was created to use big data sources for the
prediction of new compounds (ciipro.rutgers.edu). As a major advancement of the CIIPro project, we present CIIProCluster, a new read-across
approach for creating predictive toxicity models based on the available
bioassay data for chemicals of interest. Briefly, all available biological
data for the target compounds are automatically extracted. Chemical
features relevant to each bioassay testing are identified by using Fisher’s
Exact Test (p < 0.05) to rank chemical fragments existing in the target
compounds of each bioassay dataset. The available bioassays can be
clustered by the chemical fragment features that contribute to their activation. In this study, PubChem bioassays were prioritized and clustered
based upon the chemical-in vitro relationships described above for rat
oral acute toxicity. Several clusters of PubChem bioassays not only are
able to predict acute toxicity for new compounds but also show toxicity
mechanisms for toxicants containing the relevant chemical features.
This new read-across approach can be easily applied to generate predictive models for other animal toxicity endpoints.

2940 Expanding Coverage of Tox21 In Vitro Screening
by In Silico Models

A. Sedykh, and S. Auerbach. Sciome LLC, Research Triangle Park,
NC.
Since 2008, the Tox21 collaborative screening program publicly shared
data from over 40 in vitro assays representing various nuclear receptors
and stress response signaling pathways, thus allowing for profiling of
early biological response to chemical stressors. However, the employed
Tox21 library is limited to around 6,000 distinct chemical structures,
while for other large chemical collections of regulatory concern, such as
pharmaceuticals, cosmetic ingredients or chemicals under the US EPA’s
Toxic Substances Control act (TSCA), similar type of biological characterization is not available without additional screening. In an attempt
to overcome this challenge, in this study, we trained and validated a
panel of QSAR models to represent each of the Tox21 assays. The computational predictions of these models can be utilized to impute biological assay profiles for large collections of chemicals that were not
experimentally tested. For each assay, two potency thresholds, 10 and
100uM, were used to define activity outcome, thus yielding two model
training datasets per assay. External validation accuracy of 10uM-based
models was overall higher than for 100uM ones (median ROC AUC of
0.83 vs 0.77). This was mostly due to better specificity (fewer false positives) of 10uM-based models. The prediction coverage (as controlled by
model’s applicability domain) was quite high for Tox21-like chemicals
(on average, 70-100%, as estimated on ~4,000 of in-actives excluded
from each training dataset), while for pharmaceutical-like chemicals it
was somewhat lower (on average, 50-85%, as estimated on Drugbank
5.0). Notably, several assays (such as HRE, ESRE) could not afford reliable models at either threshold. This is likely because these assays do
not have enough active chemicals in the Tox21 library to afford proper
model training. Thus, additional experimental data may be needed
for successful in silico modeling of those few problematic assays. In
summary, our in silico models provide a tested approach for expanding
the expanding the coverage of Tox21 assays and identified data gaps
ripe for further screening and data generation.

2941 Integrated In Silico Methods for Predicting
Human Hepatotoxicity

K. P. Cross, C. Hasselgren, and G. Myatt. Leadscope, Inc.,
Columbus, OH.
One major reason drugs fail in clinical trials or after they reach the market
is due to liver toxicity. In silico models predicting human hepatotoxicity
can aid in supporting a range of applications including prioritizing drug
candidates and suggesting appropriate testing strategies. Creation of
in silico models to predict human hepatotoxicity is challenging due
to the number and complexity of toxicity mechanisms and the lack of
adequate data to support model development. To address this need, a
database of 10 human hepatotoxicity endpoints was assembled from
clinical and adverse event data sources for over 2800 compounds. Both
statistical-based QSAR models and an expert rule-based alert system
were developed to predict a variety of human hepatotoxicity endpoints.
The expert alert system contains over 110 expert alerts including information on potential mechanisms and reasons for deactivation. Seven
new QSAR models were created for clinical chemistry and morphological findings focusing on endpoints representing different levels of
data harmonization. These were partial logistic regression models that
used a combination of chemical features and physical-chemical properties as model descriptors. The performance of the models and alerts
was assessed using a 10% hold-out test set representing all significant
chemical classes in the overall data set as determined by cluster analysis. Performance of the hepatotoxicity alert system was: 72% accuracy,
70% sensitivity, 74% specificity, 91% coverage. Performance of the QSAR
model for the overall hepatotoxicity endpoint was: 75% accuracy, 74%
sensitivity, 77% specificity, 95% coverage (with 10 fold cross-validation
results: 70% accuracy, 70% sensitivity, 71% specificity). The combined
performance using both the alerts and the QSAR model was: 74% accuracy, 80% sensitivity, 65% specificity, and 95% coverage. In addition to
predicting liver toxicity, this set of diverse models and alerts provides
information on the underlying structural and mechanistic relevance of
the prediction to help assess confidence in support of an overall expert
review involving weighing evidence from models, predictions, alerts,
and experimental data with human expertise.

2942 Can We Link Side Effects to Molecular Targets?
T. I. Oprea, C. G. Bologa, and O. Ursu. University of New Mexico,
Albuquerque, NM.
Adverse drug reactions (ADEs) occur with essentially all drugs and
can sometimes have very serious consequences for patients. One of
the hindrances in relating clinical observations derived from the use
of therapeutic agents to molecular events is our inability to establish
unequivocal relations of causality between drug-target interactions and
clinical perturbations of disease. Understanding the underlying pharmacological mechanisms for ADEs is important in relation to being
able to predict potential ADEs within drug discovery. To this end, we
linked reported ADEs via active drug ingredients to human proteins.We
stared with a list of over 4,000 active pharmaceutical ingredients (APIs),
the majority of which having approved status in the US, EU or Japan
in our APIs resource, DrugCentral (http://drugcentral.org). Of these,
3,193 APIs were mapped to 5,876,029 reports extracted from FAERS
(Federal Adverse Events Reporting System; https://open.fda.gov/data/
faers/). All ADEs are reported using 19,034 unique preferred terms from
the Medical Dictionary for Regulatory Activities (MedDRA PT, http://
www.meddra.org/). Approximately 4.65% of these reports mention a
fatal outcome (“death”), linked to 1,228 unique APIs where the drug is
categorized as the “suspect” drug. Thirty of the APIs have more than
1000 fatal reports. The number of unique API-MeDDRA PT pairs from
all sources is 1,649,502. After adjusting for proportional reporting ratio,
PRR > 2, and False Discovery Rate, FDR, p-values below 0.05, our final
set included 707,150 unique API-MeDDRA PT pairs, relating 2,374 APIs
to 12,663 MeDDRA PTs. In vitro data from DrugCentral suggests that
these 2,374 APIs may interact with 1,247 human proteins. We thus
constructed a 12663x1247 matrix, linking adverse events to proteins.
Following Ward hierarchical clustering, 9 clusters were identified, which
can be inspected on-line (http://rpubs.com/cbologa/ae). We note a tight
cluster relating to Central Nervous System drugs and side effects (cluster
nr 5), and two target class specific clusters, 4 (serine-threonine kinases)
and 7 (Threonine kinases). Despite known limitations (e.g., in vitro data
may not be relevant in vivo due to drug-transporter interactions, metabolism and tissue distribution), these results may offer the first basis set
for linking phenotypic observations such as ADEs to molecular targets.
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identity and availability of the pure chemical for cell culture study. In
contrast, application of xMWAS to cross-sectional data from healthy individuals shows that the environmental toxicant, chlorophenylacetic acid,
present in plasma of healthy individuals, is linked to metabolic networks
and shows significant pathway enrichment (p<0.05) with niacin, purine
and pyrimidine pathways when analyzed using mummichog, a pathway
analysis software for untargeted metabolomics data. We have applied
this approach to unidentified chemicals that associate with disease and
found that significant metabolic pathway associations can be determined even for chemicals of unknown identity. These results show that
integrative omics, supported by xMWAS and mummichog, is suitable
to characterize the dark matter of the exposome, specifically providing
statistical tests for pathway associations with un-identified chemicals.

2943 Models Combined by Decision Theory to

Enhance Outcomes in DGM/NIHS Ames/QSAR
International Collaborative Study

J. Rathman1, E. Benfenati2, M. Honma4, A. Kitazawa4, G. Raitano2,
T. Yamada4, and C. Yang3. 1Altamira LLC, Columbus, OH; 2MarioNegri Institute, Milan, Italy; 3Molecular Networks GmbH, Erlangen,
Germany; and 4NIHS, Tokyo, Japan.
Robust in silico toxicity prediction enables identification of chemicals
with potential adverse effects while reducing the need for experimental
studies. Accurately estimating the likelihood of genotoxicity is crucial in
regulatory programs including ICH M7. Quantitative Structure-Activity
Relationships (QSAR) and expert knowledge-based rules are commonly
employed for in silico models, and are well-suited for DNA-reactive
mutagenicity where modes of chemical reactivity are well characterized.
In 2014, the Division of Genetics and Mutagenesis (DGM) at the National
Institute of Health Science (NIHS) in Japan launched the Ames/QSAR
international collaboration with regulatory Ames mutagenicity data
for over 12,000 new chemicals. Three phases were designed to allow
testing of the hypothesis that the knowledgebase expansion enhances
prediction results. Each phase provides about 4000 chemicals with three
classifications: Class A (strong positive, 5-6%), Class B (positive, 8-10%),
and Class C (negative, 85%). Among the 12 systems, sensitivities ranged
from 39-70% (Phase I) and 42-68% (Phase II); specificity values ranged
from 65-92% (Phase I) and 78-93% (Phase II). Improved performance
was indeed observed after modelers incorporated test compounds
from phase I into their training sets for phase II. The second hypothesis
is whether combining different systems improves the prediction outcomes. In this study, we report for the first time how a robust decision
theory approach for combining predictions from different providers can
significantly enhance predictivity while decreasing uncertainty. Two
systems, one commercial and one public, providing both statistical and
rule-base methods, were tested as a pilot study. This robust approach
improves the overall prediction reliability due to enhanced knowledge,
expands the domain of applicability, and leads to a more systematic
interpretation of mechanistic rationales.

2944 A Data-Driven Model for Predicting Mode-ofAction from Toxicogenomic Signatures
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P. D. McMullen, S. N. Pendse, M. B. Black, S. Haider, M. Cambo,
M. E. Andersen, and R. A. Clewell. ScitoVation, Research Triangle
Park, NC.
Affordable, high-throughput transcriptomic technologies have
increased our ability to evaluate cellular response to chemical stressors
at reasonable cost. Because of their broad biological coverage, these
transcriptomic studies potentially provide a means of evaluating chemical response without requiring traditional long-term studies with classical apical endpoints. Transcriptional responses are often good predictors of the dose that will lead to cell and tissue toxicity; chemicals
that cause positive responses in classical apical endpoints in vivo (i.e.,
the two-year rodent bioassay) evoke gene expression changes at corresponding exposure levels. Further, the suite of genes affected by a
compound can yield essential information on the mode of action for
the toxicological response. Here, we present a computational model
for relating chemical modes of action based on the gene expression
responses they evoke in primary human hepatocytes. The model is
trained using 158 compounds from the TG-GATES library, many of which
are “reference” agents with well-defined modes of action. In many cases,
compounds with similar modes of action demonstrated shared patterns
of enriched transcriptomic pathways in the Reactome ontology. We
propose a similarity index based on the degree of overlap (a modified
Jaccard index) of enriched ontology categories that provides a quantitative description of similarity of a target to a reference compound.
For example, the similarity index is 0.50 between PPARa agonists fenofibrate and Wy-14,643 and 0.59 between CAR modulators phenobarbital
and ketoconazole. In contrast, the average similarity index was 0.31 in
the remainder of the dataset. We found that similarity metrics based
on Reactome pathways were more consistent between chemicals with
similar modes of action than metrics based on other ontologies (i.e.,
Gene Ontology and MetaCore) or on gene-wise expression changes.
We are currently evaluating the applicability of this predictive mode of
action model with independent validation data sets, including legacy in
vivo studies. The model is also adapted for use of high-throughput transcriptomics platforms that survey a limited subset of the transcriptome
and impute the balance. By leveraging recent developments in computational and bioinformatic tools, we expect this approach to improve
early decision-making about chemical safety.

2945 Chemical Space Analysis: A Visual Approach for
Evaluating the Similarity of Substances

S. Haider1, C. Strope2, P. D. McMullen1, and H. J. Clewell1.
1ScitoVation, Research Triangle Park, NC; and 2The Hamner
Institutes for Health Sciences, Research Triangle Park, NC.
The growing reliance on in vitro data for risk assessment entails new
challenges associated with assuring that the in vitro assays are conducted under conditions that are suitable for each particular compound’s physicochemical and biochemical properties (e.g., binding and
metabolism). However, in current practice, pharmaceutical compounds,
whose properties tend to be constrained by the requirements of druggability, are frequently used to validate a new test method intended
for environmental chemicals that vary widely in their physicochemical
properties. We performed a comparison of pharmaceutical compounds
(Rx), near-field environmental chemicals (NF), and far-field environmental chemicals (FF) using principal component analysis to visualize
the variations in the properties of groups of chemicals simultaneously
across multiple determinants of behaviour. Chemical databases were
compiled from the more than 50,000 chemicals in commerce that US
EPA has identified. The first principal component was dominated by
properties related primarily to lipophilicity, while the second component included contributions from ionization at physiological pH. While
Rx provided good coverage for environmental chemicals with respect
to the second component, they showed poor coverage of the high (lipophilic) end of the first component. To assess this discrepancy, we calculated the Frobenius distance (i.e., Euclidian norm) between pairs of distributions. The resulting distances (Rx-NF=2.35, Rx-FF=2.58, NF-FF=0.48)
support the conclusion that the Rx distribution can be seen as distinctly
different from the other two, indicating that validation of an assay with
pharmaceuticals may not adequately ensure the usefulness of the assay
for lipophilic environmental chemicals. Application of chemical space
analysis during assay validation and selection of positive and negative
control compounds can help ensure that controls span the full property
domain of the compounds to be tested. It is also useful for performing
similarity comparisons for complex mixtures and unknown/variable
substances in support of categorization and read-across decisions. In
general, chemical space analysis is a visualization approach that can be
used in a variety of bioinformatic applications, to increase transparency
and accessibility of the results for both experimental and regulatory scientists.

2946 Assessment of Hepatocellular Proliferation

in Mouse and Human Hepatocytes in a Novel
Humanized FRG KO/NOD Model by Dual
Immunofluorescence and Automated Image
Analysis

S. Plummer1, J. Wright1, R. Currie2, and D. Cowie2. 1MicroMatrices,
Dundee, United Kingdom; and 2Syngenta Ltd, Bracknell, United
Kingdom.
We used dual immunofluorescence staining and automated image
analysis using a bespoke algorithm to investigate the phenobarbital
(PB) proliferation response of mouse hepatocytes in untransplanted
FRGKO NOD mouse liver and mouse and human hepatocytes in transplanted FRGKO NOD mouse liver. The aim of the study was to determine
whether or not mouse and human hepatocytes proliferate in response
to PB treatment in the context of this in vivo model. Untransplanted and
transplanted FRGKO NOD mice were treated with PB 75 mg/Kg (PO) or
saline control for 3 days prior to harvesting the liver. There was little or
no effect of PB treatment on proliferation (LI%) of mouse hepatocytes
in untransplanted FRGKO mouse liver indicating that these genetically
modified mice do not sustain the expected proliferation response to PB
under these treatment conditions. By contrast there was an apparent
increase (not stat sig) in the proliferation (LI%) of human and mouse
hepatocytes in saline treated 40-70% and 90% human hepatocyte transplanted FRGKO mouse liver compared to saline treated untransplanted
FRGKO NOD mouse liver which suggest that transplantation of the FRG
KO NOD mouse liver with human hepatocytes caused some proliferation
of the mouse and human hepatocytes. PB treatment caused a decrease
in this transplantation induced proliferation in both mouse and human
hepatocytes. Interestingly PB did cause the induction of CAR-regulated
Cyps in untransplanted and 40-70% and 90% human hepatocyte
transplanted FRGKO NOD mouse liver but this was not reflected in the
pathology or the labelling index data. This indicates that both mouse
and human hepatocytes in the FRGKO NOD human hepatocyte transplanted mouse model sustain a Cyp mRNA induction response but not a
proliferation response to PB treatment under these conditions.

Predictions of Acute Inhalation Toxicity for GHS
Classification

C. Owens, L. Milchak, and M. DeLorme. 3M Company, St. Paul,
MN.
The current ability to predict acute inhalation toxicity is limited, particularly for chemicals with unique physical properties. The current study
compared the GHS acute inhalation toxicity classification for a group
of fluorochemicals based on the estimated rat inhalation LC50 from the
commercially available TOPKAT (Q)SAR software and the results from
a custom-built (Q)SAR model. The materials were segregated into two
phases: vapor and gas. For vapor phase test materials, TOPKAT predicted the animal based GHS classification for 42% of the test materials (n=43). For the gas phase test materials (n=8) the model did not
correctly predict the correct GHS classification for any of the materials.
In an attempt to create a more predictive model, inhalation data from
fluorocarbon materials were utilized in the training set and a nonlinear quantitative model was built using an Artificial Neural Network
Ensemble in AMET Model Builder by Simulations Plus. The molecular
descriptors most correlated with inhalation lethality in this model were
based around electron densities. Maximum Pi and Sigma Fukui indices
were two of the most influential descriptors in model creation, complemented by partial atomic charge and the E-state index from double
bonded CH groups. When comparing test set predictions from the
custom 3M model with those from TOPKAT, not only were more compounds correctly placed in GHS categories in both gases and vapors,
but those with incorrect predictions had a smaller magnitude of classification error. The custom 3M model predicted the correct GHS category
for the test set gases in 2 out of 5 compounds (40%), while the other 3
predictions were off by 1 GHS category. TOPKAT, however, predicted
1 out of 5 compounds (20%) correctly and the magnitude of classification error ranged from 1 to 3 for the remaining compounds. For vapors,
the custom 3M model predicted the correct GHS category for 6 out of
16 compounds (37.5%). TOPKAT predicted 3 out of 16 compounds correctly (18.8%), while having a larger magnitude of classification error for
the majority of the compounds in the test set. The study emphasizes the
need to utilize (Q)SAR models that are tailored to your specific chemical
space, particularly for unique chemistries that are not well represented
in the training sets of commercial models. When estimating toxicological endpoints for unique chemistries, utilization of complex, non-linear
modeling techniques allows for more diverse molecular descriptors to
be used in model creation.

2948 An Integrated Decision Strategy Development
for Skin Sensitization Assessment

T. Exner, A. Abdelaziz, and B. Hardy. Douglas Connect GmbH, Basel,
Switzerland. Sponsor: R. Beger.
Integrated decision strategies combine data from different approaches
including in silico, in vitro, as well as chemical assays in order to provide
regulators with an alternative approach for assessing potential risks of
chemicals. Skin sensitization is an allergic condition that is responsible
for 10-15% of all US occupational diseases. Despite its complexity, the
OECD endorsement of the skin sensitization adverse outcome pathway
(AOP) reflects the current good understanding of the development of
such a condition. Integrated testing strategies (ITS) have already been
successfully developed, but have the disadvantage that the commercial software components used prohibits their wide adoption. Here we
show the first steps towards a robust and completely freely accessible
Open ITS for risk assessment. Data for 243 chemicals on three validated
assays (DPRA, KeratinoSens and h-CLAT) were collected from literature.
Physicochemical descriptors were calculated using CDK. Five machine
learning algorithms were used to train predictive models and assess the
distance-to-model applicability domain. Stratified bootstrap aggregation was used for validation and to overcome the imbalance in the datasets. The bagging-consensus was used as a distance measure. Balanced
accuracy finally provided an assessment of the quality of predictions.
Although different Machine Learning algorithms provided varying performance, the predictive accuracy for the 10% most reliable predictions
for most models exceeded 90%. Consensus modeling improved the predictive power over single models. The use of quantitative applicability
domain allowed for customizing performance cut-offs depending on
the application needs while Stratified Bagging reduced the bias in the
models towards the majority class of non-sensitizing compounds.

2949 Beyond the AHRE: The Role of Epigenomics in
Gene Regulation by the AHR

S. Bhattacharya1, M. E. Andersen2, J. C. Rowlands3, R. A.
Budinsky3, and N. E. Kaminski1. 1Michigan State University, East
Lansing, MI; 2Scitovation, Research Triangle Park, NC; and 3The
Dow Chemical Company, Midland, MI.
Four decades after its discovery, gene regulation by the aryl hydrocarbon receptor (AHR) remains somewhat of an enigma. Data from
2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)-treated mouse liver shows
that as with many other ligand-activated transcription factors (TFs) of
environmental concern, direct binding to specific response elements
(AHREs) in promoter regions of target genes explains only a small fraction of the genome-wide action of AHR. There are also poorly-understood differences in response to AHR ligands between rodents and
humans, humans being generally much less responsive. Here we present
evidence that epigenomic features, namely chromatin accessibility of TF
binding site-rich enhancer regions, site-specific binding of other transcription factors like Nrf2, Klf4 and Fli1, and long-range chromatin interactions, may explain a larger proportion of tissue- and species-specific
AHR-mediated gene regulation than the classical AHRE-mediated mechanism alone. In particular, we show how recently-available epigenomic
data sets from the NIH ENCODE and Roadmap Epigenomics projects in
combination with genome-wide profiling of AHR binding can improve
our understanding of basal and inducible expression of the CYP1A1 and
CYP1A2 genes in the liver. This approach can be extended genome-wide
to map the hierarchical AHR transcriptional network comprised of multiple gene regulatory interactions. Our ultimate goal is to establish a
predictive model for tissue- and species-specific gene regulation by the
AHR that can provide a more mechanistic basis for safety assessment of
potent and ubiquitous AHR ligands in the environment.

2950 An Evaluation of Dermal Irritation Potential of

Crude 4-Methylcyclohexanemethanol (MCHM) in
Humans in 48-Hour Patch Test

A. Monnot, R. Novick, and D. Paustenbach. Cardno-ChemRisk,
San Francisco, CA.
Crude 4-methylcyclohexanemethanol (MCHM) is an industrial chemical which is used to wash and clean coal. On January 9th, 2014 approximately 10,000 gallons of a mixture containing crude MCHM were
released into the Elk River near Charleston, West Virginia. Following
the spill, there were numerous health complaints from residents who
had sought medical attention for ailments including rashes and itching.
Because there is a high incidence of irritation, rashes, itching, or changes
in the skin in the general population, this study was undertaken to
evaluate the probability that the reported dermal changes were due to
exposure to low concentrations of MCHM in water (highest measured
concentration in Charlestown was 3.7 ppm) following the spill. In this
study, the primary irritation potential of crude MCHM was evaluated
in 206 individuals who underwent 48 hour patch testing. Crude MCHM
concentrations assessed in this study were 1, 5, 15, and 100 ppm. Three
of the five concentrations evaluated were above the highest measured
concentration in the tap water. No skin reactions attributable to MCHM
were observed in individuals at any concentration. The results of this
study suggest that crude MCHM would not be a dermal irritant for virtually all persons, if not all, at plausible exposure levels experienced by the
residents of Charleston, West Virginia.

2951 Risk of Allergic Contact Dermatitis (ACD) Elicited
by Ni, Cr(VI), Cr(III), and 5 Organic Sensitizers,
and a Proposed Default Non-Cr ACD-Risk Model

K. T. Bogen2, and M. R. Garry1. 1Exponent, Bellevue, WA; and
2Exponent, Oakland, CA.
Risks of allergic contact dermatitis (ACD) from consumer products
intended for extended dermal contact are regulated by the European
Union, e.g., under its Directive EN 1811 limiting Ni leached from such
products to a Ni dermal load (Λ) less than Λp* = 0.5 μg/cm2 per week.
Similar efforts directed at organic chemical sensitizers (OSs) are hampered by a lack of ACD-risk estimation methods that address a wide
range of sensitizers. To begin to address this gap in a way that relies
only on published clinical patch-test (PT) data, a bi-lognormal (bi-LN)
model R(Λ) of cumulative ACD-elicitation risk (ACDER) was fit to PT data
on the cumulative fraction of 597 sensitized patients with a positive
(“≥ +”) response in relation to Λ obtained from 12 published studies,
yielding R(Λp*) = p* = ~0.054. Bi-LN models were also fit to similar data
for Cr(VI) and Cr(III), and LN models were fit for relatively low-load Ni and
for five organic sensitizers including formaldehyde and 2-hydroxyethyl
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methylacrylate. Using relative ACD-elicitation potencies, F = Λp*/Lp*,
to compare dermal loads L = Lp* at which R(F L) = p* for the five OSs,
a common LN ACDER model, Ro(F L), fit the PT data for Ni and all five
OSs. Using this modeling approach with far more limited ACDER data
(one {Lp, p} observation/chemical), additional F values were estimated
for nine (meth)acrylates. The Ro risk model described is proposed as
a default method to assess ACDER quantitatively for a wide range of
organic dermal sensitizers, until better methods become available.

2952 Differential Skin Inflammatory Responses in
Irritant Contact Dermatitis

K. N. Calhoun, J. R. Luckett-Chastain, and R. M. Gallucci. University
of Oklahoma Health Science Center, Oklahoma City, OK.
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Irritant contact dermatitis (ICD) is characterized as an inflammatory
response caused by topical exposure to irritants and is regulated by cytokines. However, intrapersonal and interpersonal variability is observed
with ICD, thus suggesting that the pathophysiology is more complex
than originally thought. Differential cytokine profiles and dermal cellular
phenotypes are thought to be responsible for this variability, and are
modulated by the nature of the irritant. Immune phenotype, such as
Th1- and Th2-dominance, and interleukin 6 (IL-6) deficiency are also postulated to contribute to this variability. To determine how these factors
modulate the pathomechanism of ICD, C57BL/6 (“Th1 dominant”),
Balb/c (“Th2 dominant”), and IL-6 deficient (IL-6KO) mice were exposed
to the occupational irritants, benzalkonium chloride (BKC) and JP-8 jet
fuel for 3 days to induce ICD. Lesions were obtained for histological
examination, assessment of cytokine expression, and identification of
dermal cells. Histopathology revealed that BKC induces greater cellular
infiltration than JP-8, especially in C57 and IL-6KO mice. However, Balb/c
mice did exhibit epidermal hyperplasia after JP-8 exposure. Following
BKC exposure, C57 showed up-regulation of IL-1β, IL-18, TNF-α, CCL3,
CCL4 and CXCL2 compared to Balb/c mice and higher expression of
IL-27, CCL3, CCL5, CCL11, and CXCL2 compared to IL-6KO. After JP-8
exposure, C57 exhibited decreased expression of IL-28, IL-18, CCL2, and
CCL5 compared to Balb/c mice and reduced expression of IL-10 compared to IL-6KO. C57 mice exposed to BKC had greater infiltration of
neutrophils and granulocytes compared to Balb/c, but following JP-8
exposure Balb/c mice had more granulocyte infiltration. IL-6KO mice
responded to irritant exposure by increased infiltration of dendritic cells
compared to C57 mice. Overall, C57 mice develop a more severe form of
ICD in response to BKC in comparison to Balb/c; however, Balb/c mice
manifest a quicker inflammatory response to JP-8 exposure. In both Th1and Th2- dominant phenotypes, the pathomechanism of ICD induced
by BKC involved activated neutrophils, whereas JP-8 induced ICD did
not. IL-6 deficiency appears to cause greater dendritic cell infiltration
into the dermis in response to BKC and JP-8. The aforementioned findings may provide a better understanding of the pathology of ICD and
insight into specific targets for therapeutic immunomodulation.

expression was similar for all allergens. Regarding cytokine production,
all three allergens induced a dose related IL-8 release, while IL-10 was
induced only by benzoquinone and diethylmaleate, and IL-12 only by
Bandrowski base and benzoquinone. The release of IL-6 was below the
limit of detection. Overall, results suggest that allergens of different
potency differently activate DC, with strong allergen inducing a higher
degree of maturation compared to moderate and weak allergens, which
may explain the different potency observed in vivo. Acknowledgments.
(This project was funded by the Johns Hopkins CAAT Grant 2016)

2954 Predictive Possibility of the Ex Vivo Cytokine

Assay and the Flow Cytometric Measurement
of the B/T Cell Population in LNCs on Skin
Sensitization Potency

J.-S. Yi2, B.-I. Han2, S. J. Seo2, Y. S. Lee2, T. S. Kim2, I. Y. Ahn2, K. Ko2,
H.-K. Park2, K. M. Lim1, and J. K. Lee2. 1College of Pharmacy, Seoul,
Korea, Republic of; and 2National Institute of Food and Drug Safety
Evaluation, Cheongju, Korea, Republic of.
The traditional LLNA (tLLNA) requires radioisotopes to evaluate skin sensitization response, but many countries have strict regulations on the use
of radioisotopes on animals in vivo. For that reason, the Japanese Center
for the Validation of Alternative Methods (JaCVAM) developed and validated the LLNA: DA (OECD TG 442A) and the LLNA: BrdU-ELISA (OECD TG
442B), in which radioisotopes are not needed. The Korean Center for the
Validation of Alternative Methods (KoCVAM) also developed the non-radioisotopic LLNA: BrdU-FCM. This assay can be used to identify skin sensitizing chemicals and evaluate skin sensitization potency in the same
way as the LLNA, the LLNA: BrdU-ELISA and the LLNA: DA. Activation of
T lymphocytes is the fourth key event of the adverse outcome pathway
for skin sensitization. The cytokines secreted by TH1/TH2 cells play a
major role in immune response. Allergen treatment induces an increase
in the lymphocyte population (B/T cells). Notably, the number of the B
cell population significantly increases when skin sensitization response
occurs. The B/T cell ratio can be calculated by cytometric analysis of B
cells (B220 positive cells) and T cells (CD4ee positive cells). The LLNA:
BrdU FCM allows for the conduct of the ex vivo cytokine assay and the
flow cytometric measurement of the B/T cell population in LNCs without
sacrificing extra animals. We performed the ex vivo cytokine assay and
the flow cytometric measurement of the B/T cell population in LNCs
in order to evaluate skin sensitization potency. We compared the test
results of the LLNA: BrdU-FCM with those of the ex vivo cytokine assay
and the flow cytometric measurement of the B/T cell population in LNCs
using the reference chemicals listed in OECD TG 429. (Funding Source:
This research was supported by grants (16181MFDS386) from the Korea
Ministry of Food and Drug Safety in 2016).

2955 COCAT-Advanced In Vitro Assessment of Skin
2953 Understanding Chemical Allergen Potency:
Strength of Dendritic Cells Activation

E. Corsini, V. Galbiati, E. Kummer, S. Sirtori, C. L. Galli, and M.
Marinovich. Università degli Studi di Milano, Milan, Italy.
For complete replacement of animals in the assessment of skin sensitization, evaluation of relative potency is necessary. The mechanism
that explain the strength of allergic contact dermatitis reactions to
weak, moderate, strong, and extreme sensitizers is still a challenge.
Development of allergic contact dermatitis requires activation of innate
immune cells. Starting from three presuppositions: 1) the extent of
chemical allergen-induced dendritic cells (DC) activation/maturation
and lifespan drive the quality and magnitude of T cell activation; 2) PKC
activation is necessary and sufficient to drive dendritic cells differentiation; 3) PKCβ activation is central in chemical allergen-induced CD86
expression and IL-8 production, two markers selectively upregulated
by allergens in DC; this work was designed to characterize in vitro the
extent of DC maturation/activation and longevity induced by chemical
allergens of different potency (i.e. Bandrowski base, benzoquinone,
diethylmaleate, hydroxycitronellal and imidazolidinyl urea) by assessing
markers related to signals required for full T cell activation (upregulation of CD80, CD86, HLA-DR; and IL-1, IL-6, IL-8, IL-12 production),
together with cell survival and PKCβ activation. The human promyelocytic cell line THP-1 was used as surrogate of DC. Cells were treated with
increasing concentrations (using the CV75 as the highest concentration)
of the selected chemicals for 5-60 min for PKCβ activation, and for 24-72
h for surface marker expression and cytokine release. Results indicate
that the strong allergen benzoquinone induces a more rapid PKCβ
activation (5 min) and CD86 upregulation (24 h) compared to the moderate and weak allergens. Furthermore, HLA-DR was upregulated at 72
h only by Bandrowski base and benzoquinone. Cell viability and CD80

Sensitization Potency of Chemicals Using THP-1
Cells in Coculture With HaCaT Keratinocytes

J. Hennen, and B. Blömeke. University of Trier, Trier, Germany.
The identification of skin sensitization hazard as well as potency assessment is crucial for quantitative risk assessment of chemicals. While some
in chemico and in vitro methods have already been validated and regulatory accepted for hazard identification, none of these methods have
been validated for the estimation of skin sensitization potency. We evaluated the capacity of our coculture model (THP-1 cells in coculture with
HaCaT keratinocytes, COCAT) for the prediction of sensitization potency.
And further, we tested whether the COCAT can separate structurally
related molecules with different potencies. We investigated the upregulation of CD86 and CD54 on THP-1 cells after exposure to 33 chemicals in
the optimized 96 well plate format. The test set contained 21 sensitizers
(8 haptens, 8 prohaptens and 5 prehaptens) and 12 non-sensitizers.
As measure for potency we used the lowest concentration needed to
exceed one of the empirically determined thresholds for positivity (ΔMFI
≥ 1.8 for CD86, ΔMFI ≥ 50 for CD54). Prediction of GHS (Globally harmonized system implemented in the Regulation (EC) No 1272/2008 on
the classification, labelling and packaging of substances and mixtures)
potency sub-categories 1A or 1B applying a threshold of 300 µM resulted
in an accuracy of 85%. Comparison of results obtained for all test chemicals with continuous ranking of in vivo skin sensitization potency (EC3,
local lymph node assay) revealed a very good correlation (Spearman r =
0.69, p = 0.006). More in-depth analysis of the results obtained in COCAT
for structurally related sensitizers (Bandrowski’s base, para-phenylenediamine, para-toluylenediamine, 2-methoxymethyl-para-phenylenediamine; cinnamic aldehyde, cinnamic alcohol; 4-aminophenol, 3-aminophenol) revealed distinct and reasonable responses reflecting in vivo
differences. These promising data demonstrate that the COCAT, which
integrates keratinocyte responses with activation of THP-1, allows the
simultaneous evaluation of sensitization potential and potency.

Irritant Sodium Dodecyl Sulfate Increases the
Up-Regulation of Costimulatory Molecules by
the Sensitizer 2,4-dinitrochlorobenzene

J. Lichter3, J. Hennen3, Z. El Youssoufi3, C. Goebel2,1,, and B.
Blömeke3. 1Coty Professional Beauty, Darmstadt, Germany;
2Pocter & Gamble Company, Schwalbach am Taunus, Germany;
and 3University of Trier, Trier, Germany.
Co-exposure with non-sensitizing compounds can markedly influence
the potency of allergens. Simultaneous skin exposure of mice to the
irritant sodium dodecyl sulfate (SDS), for example, enhanced the lymphocyte proliferation by the extreme sensitizer 2,4 dinitrochlorobenzene (DNCB). To induce proliferation of naïve T cells and differentiation
to effector cells, beside antigen presentation (signal 1) a second signal
dependent on upregulation of costimulatory molecules (e.g. CD86) on
dendritic cells is needed. However, it is not entirely clear which steps in
the multistep sensitization process can be modified by the presence of
irritants. We hypothesized that irritants amplify danger signals resulting
in increased upregulation of costimulatory molecules. To address this
question, we used THP-1 cells alone and in coculture with HaCaT keratinocytes (COCAT) and measured the effect of SDS on the upregulation
of CD86 and CD54 by DNCB. THP-1 cells in monoculture as well as in
coculture were treated with non-effective and effective concentrations
of DNCB, and/or non-cytotoxic and subcytotoxic concentrations of the
irritant. SDS enhanced indeed the activation of THP-1 cells by otherwise
non-effective concentrations of DNCB, whereas exposure to SDS alone
did not upregulate CD86 and CD54 on THP-1 cells. Furthermore, also
pre-incubation of the keratinocytes with SDS followed by the addition
of DNCB and THP-1 cells augmented the upregulation of costimulatory molecules on THP-1 cells. In sum, this irritant has the potential to
enhance the effect of a sensitizer. These data show that these in vitro
models are able to mimic the effects observed in vivo with DNCB and are
promising models to study the effects of co-exposures.

2957 Further Evaluation of Chemicals and Mixtures

for Skin Sensitization Potential and Potency
Using a Reconstructed Human Epithelium (RhE)
Tissue Model and the IVSA

M. Troese2, B. Varsho2, D. Weisensee1, and G. DeGeorge2.
1CellSystems Biotechnologie Vertrieb GmbH, Troisdorf, Germany;
and 2MB Research Labs, Spinnerstown, PA.
Human skin models release IL-18 in response to a wide range of dermal
sensitizing chemicals. Using a 3D skin model (epiCS®) in the In Vitro
Sensitization Assay (IVSA), we measured IL-18 secretion as a biomarker
of sensitization. In this test model we are able to achieve 90% accuracy
when testing 20 pure test chemicals (11 sensitizers, 7 non-sensitizing
irritants and 2 non-toxic materials). Further analysis of the data revealed
that test chemical concentrations that induced a 2-fold increase in IL-18
secretion (Stimulation Index; SI-2) allowed for derivation of potency
categorizations. The IL-18 SI-2 was directly proportional to the potency
of the sensitizer. A limitation of all other OECD-validated in vitro sensitization assays is that test substances that are mixtures are often not
compatible with the test system. An advantage of the RhE tissues is that
they can be topically dosed, like skin, with a wide variety of substances,
such as liquids, gels, powders, and waxes. Next, we explored the feasibility of expanding IVSA’s applicability domain. We obtained sensitizing
and non-sensitizing mixtures (as listed on their SDS documents) from
several commercial sources used in different industries for assessment.
These included hair dyes, caulking material, adhesives, antimicrobial
fuel additive and propolis (dietary supplement). A positive response was
detected for all the known sensitizing mixtures. In summary, the IVSA
was able to correctly distinguish pure sensitizing chemicals and mixtures from non-sensitizing materials with high Accuracy and Sensitivity.

2958 Can Determining Percent Allergenic Protein in

Natural-Derived Substances Refine Respiratory
Allergy Risk Assessments?

C. Ryan, L. Li, G. Fadayel, R. Wimalasena, and F. Gerberick. The
Procter & Gamble Company, Mason, OH.
Many consumer products, including cosmetics, contain botanicals and
natural-derived substances (BNS). Since BNS can have a wide range of
protein levels, an assessment for the risk of respiratory (Type I) allergy
from exposure to products containing these ingredients should be a part
of the overall safety evaluation. While it is known that not all proteins are
allergens, there are currently no validated in vitro or in silico methods to
identify which proteins are or are not allergens. A conservative approach

for assessing the risk could be to assume that all (100%) of the total
protein content is potentially allergenic. A possible refinement to this
approach is to apply a correction factor based on allergenic protein
content expressed as a percentage of total protein. To generate experimental data to support a refinement, 3 microorganisms with known
allergenic proteins were selected: a bacterium (Bacillus subtilis, Bac su
subtilisin E); a fungus (Aspergillus fumigatus, Asp f1 ribotoxin) and a yeast
(Saccharomyces cervisiae, Sac c enolase). Each organism was cultured,
growth media removed, and total protein extracted from the cell pellet
and quantified by amino acid analysis (AAA). Sequential extractions of
the cell pellet were performed and the level of the allergenic protein was
estimated by SDS-PAGE. The average total protein content, expressed
as % dry weight, was 21.4%, 24.2%, and 28.1%, for B. subtilis, A. fumigatus, and S. cervisiae, respectively. The levels of the specific allergenic
proteins evaluated, expressed as a % of total protein were 2.33%, 0.16%,
and 1.25% for subtilisin E, Asp f1, and enolase, respectively. While more
than one allergenic protein may be present in the measured amount of
total protein, these data demonstrate that allergenic protein content for
these individual allergens can be 40-625 fold less than the total protein
content. Further studies with other BNS will be needed to determine if a
% allergenic factor could be substantiated for use in respiratory allergy
risk assessments of consumer products containing protein.

2959 Structural Modification of p-Phenylenediamine

Affects the Immune Response in Allergic Patients

C. Goebel1, M.-L. Schuttelaar3, A. A. Gaspari4, M. Kock1, and B.
Bloemeke2. 1Coty Professional Beauty, Darmstadt, Germany; 2Trier
University, Trier, Germany; 3University Medical Center Groningen,
Groningen, Netherlands; and 4University of Maryland, Baltimore,
MD.
The strong sensitizing potency of p-phenylenediamine (PPD) is well
established and it is considered the key sensitizer in hair dye contact
allergy. Modification of its molecular structure has been shown to
alter its skin sensitizing potency. For 2-methoxymethyl-p-phenylenediamine (ME-PPD), the risk for consumers to acquire contact allergy
through hair dyeing was found to be significantly reduced based on
preclinical data (Goebel C. et al., 2014). Our current clinical investigations analyzed how the methoxymethyl-modification of PPD affects
the immune response in PPD allergic individuals in three patient populations in the USA and in Europe. When 73 PPD-allergic patients were
exposed to a hair dye product containing 2% ME-PPD instead of 2%
PPD for 30 or 45 min on their forearm (simulating hair dye use conditions) no elicitation response was observed in 45 (62 %). Among the 28
PPD allergic patients that reacted to both ME-PPD and PPD under these
conditions, 24 (85%) showed a reduced reaction strength in response to
ME-PPD. Furthermore in a fourth study, 29/43 (67%) PPD allergic individuals tolerated continued hair dyeing with ME-PPD containing hair
color products with an average of 9 treatments per year when they had
no reaction to the 45 min forearm exposure. When the exposure to 2%
ME-PPD was increased by prolonging the exposure time from 45 min
under hair dye use conditions to 48 hours under patch testing conditions the rate of positive reactions to ME-PPD increased from 11 (48%)
to 20 (87%) among 23 PPD allergic patients. In summary, the human
immune response to PPD is attenuated by the methoxymethyl modification. This translates into an increased tolerance in PPD allergic patients
at hair dye use conditions that decreases at higher ME-PPD exposures.
Compared to PPD the chance of provoking an elicitation reaction to
ME-PPD is reduced to below 40% under hair dye use conditions and
(cross)-elicitation reactions likely occur with reduced strength. Based
on the described skin sensitization profile, ME-PPD is considered a safer
alternative for hair dye products. Reference: Goebel C. et al (2014). Toxicol
Appl Pharmacol. 274:480-487

2960 Identification and Frequency of Circulating
Naïve CD4+ and CD8+ T Cells Recognizing
Penicillin: Implication in Drug Allergy

R. Bechara2, M.-E. Azoury2, D. Joseph2, B. Maillere1, and M. Pallardy2.
1SIMOPRO, IBiTecS, CEA, Saclay, France; and 2Université ParisSaclay, Chatenay-Malabry, France.
Adverse drug reactions with immunological actors are often unpredictable and represent serious problem in the clinic or during drug
development. Penicillins are the most implicated in these allergic reactions. According to the hapten hypothesis, drug can bind to proteins
as human albumin (HSA) and form immunogenic complexes. Antigen
presenting cells, such as dendritic cells (DCs), recognize and internalize haptenized complexes, and digest them into haptenized peptides, which are presented on HLA molecules to drug-specific T cells.
Independent research groups have reported the presence of penicillin-responsive T cells in the tissue and blood of patients with immediate
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urticarial reactions and delayed-type skin rash. The objectives of this
study were to identify naïve CD4+ and CD8+ T cells recognizing benzylpenicillin (BP) and to calculate their frequency. Since BP is known to
bind covalently to proteins, such as HSA, BP-HSA bio-conjugates were
synthesized at basic pH and BP binding-sites on HSA were identified
using mass-spectrometry. Naïve CD4+ T cells or CD8+ T cells from non-allergic donors were stimulated once a week with autologous DCs loaded
with BP-HSA to amplify BP-HSA-recognizing T cells. Activation of specific T cells was detected using interferon-γ EliSpot and their frequency
was calculated using the Poisson distribution law. In this study, BP-HSA
were recognized by CD4+ and CD8+ T cells from 15/16 and 2/2 of the
tested healthy donors respectively. When experiments were done on
naïve T-cells, BP-HSA-recognizing naïve CD4+ were detected in 7/8 of
the tested healthy donors. Frequency of these naïve CD4+ T cells varied
depending on the donor from 0 to 2.23 BP-HSA-recognizing naive CD4+
T cells per million of circulating naive CD4+ T cells with a mean value
of 0.7. Interestingly, BP-HSA-recognizing naïve CD8+ T cells were also
detected in 1/1 of the tested healthy donors with a frequency of 0.48
BP-HSA-recognizing naive CD8+ T cells per million of circulating naive
CD8+ T cells. We verified that the CD4+ T cells and CD8+ T cells response
to BP-HSA was mediated by HLA class II and class I molecules respectively. This study showed for the first time the existence of naive CD4+
and CD8+ T cells specific to benzylpenicillin in healthy donors.

2961 Dendritic Cells and Protein Allergens: Markers of
Allergenicity

I. Kimber2, N. A. Barnes2, C. A. Ryan1, G. F. Gerberick1, and R. J.
Dearman2. 1The Procter & Gamble Company, Cincinnati, OH; and
2The University of Manchester, Manchester, United Kingdom.
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Protein allergens are both immunogenic and exhibit additional properties that result in IgE antibody production in susceptible individuals.
There is a need to determine and characterise the potential allergenicity
of proteins, with the current focus on the use of in vitro and/or in silico
methods. Such is necessary for proteins incorporated into commercial products to prevent adverse health effects. Here we describe the
use of the human promonocytic THP-1 cell line to identify potential in
vitro biomarkers of protein allergenic activity. Bromelain (Ana c 2) has
been selected as a model protein to confirm positive outcomes in in
vitro assays to predict allergenic potential. It is a known respiratory occupational allergen widely used in pharmaceutical and food preparation
industries and has cysteine proteolytic properties in common with the
house dust mite respiratory allergen Der p 1. Bromelain is also modified
with pan-allergenic cross-reactive carbohydrate determinants making
it a useful tool to predict the response to glycosylated allergens. We
have evaluated the response of the promonocytic THP-1 cell line upon
treatment with bromelain in combination with supplementary endotoxin and endotoxin inhibitors. Bromelain activates THP-1 cells in a
dose-dependent manner inducing enhanced cellular proliferation at
relatively low concentrations and sustained secretion of IL-8 at high
concentrations. Interestingly, there was a synergistic response in combination with endotoxin and a change in kinetic profile compared with
endotoxin alone. Cell surface activation markers such as intracellular
adhesion molecule (ICAM)-1, DC-SIGN and HLA-DR are up regulated on
THP-1. Gene expression patterns have been characterised to address
the interference of protease activity on biomarker expression; these
confirm the response to bromelain alone and synergistic responses in
combination with endotoxin. Taken together these results demonstrate
that THP-1 cells respond to allergenic proteins and such endpoints may
provide interesting biomarkers for the characterisation of potential
protein allergens.

2962 In Silico Analysis of Antigenic Peptides Inducing
CD4+ T Cell Responses in Allergic and NonAllergic Individuals

J. Hennen6, N. L. Krutz6, S. Maurer-Stroh1, C. Rodriguez5, C.
Goebel4,2,, G. F. Gerberick3, and B. Blömeke6. 1Agency for
Science, Technology and Research, Singapore, Singapore;
2Coty Professional Beauty, Darmstadt, Germany; 3The Procter &
Gamble Company, Mason, OH; 4The Procter & Gamble Company,
Schwalbach am Taunus, Germany; 5The Procter & Gamble
Company, Strombeek-Bever, Belgium; and 6University of Trier,
Trier, Germany.
Plant-derived extracts are increasingly used in household and personal
care products. They may contain proteins that are immunogenic and
induce immunoglobulin (Ig) E-mediated allergy. Consequently, there
is a need for the assessment of the allergenicity of non-human proteins. Allergen-derived peptides need to be capable to induce CD4+ T
cell responses, a prerequisite for the differentiation of B cells and IgE

production. More recent studies suggest that T cell responses differ
between allergic (IgE+) and non-allergic (IgE-) subjects. In this study
we further characterized such peptides. Specifically, we focused on 426
unique peptides derived from 9 allergens (of plant or animal origin) with
published data on the induction of T cell proliferation in both IgE+ and/
or IgE- individuals (data available in IEDB, www.iedb.org), and grouped
these peptides according to their capacity to induce significant T cell
responses in both IgE+ and IgE- individuals, in either IgE+ or IgE- subjects, or no T cell response. Bioinformatic analyses revealed that peptides inducing T cell responses in both IgE+ and IgE- subjects, were
enriched in protein regions predicted to bind to HLA class II molecules
using netMHCIIpan3.0, showing weak differences between the most
common 27 HLA class II variants. Furthermore, we found an increased
sequence overlap with known linear B cell epitopes. Strong peptide epitopes inducing T cell responses in both IgE+ and IgE- subjects tended
to be more conserved in sequence and structurally less flexible than
all others. Interestingly, peptides evoking a T cell response only in IgE+
but not IgE- subjects show higher 3D surface accessibility of the peptide
center than the ends. Although only trends between groups could be
revealed, further aspects beside HLA class II-peptide binding prediction
are promising to reduce false-positives in the in silico prediction of allergenic potential of proteins and to support the relevance of in silico tools
in integrated testing strategies.

2963 Novel Computational Approaches for Assessing
the Allergenic Potential of Proteins from Their
Sequence and 3D Structure

S. Maurer-Stroh1, V. Gunalan1, V. Limviphuvadh1, C. Ryan2, P. Kern3,
and F. Gerberick2. 1A*STAR, Singapore, Singapore; 2Procter &
Gamble Company, Mason, OH; and 3Procter & Gamble Company,
Strobeek-Bever, Belgium.
Due to the risk of inducing Type I allergic responses, proteins intended
for use in consumer products must be investigated for their allergenic
potential before introduction into the marketplace. Previous FAO/
WHO guidelines for computational assessment of allergenic potential
of proteins based on single hexamer peptide hits and linear sequence
window identity thresholds produce a large number of false positives.
The number of identified allergens in databases over the last decade has
dramatically increased the chances of random hits of hexamers to the
extent that, following the rules from 2001, up to 90% of all HUMAN proteins would be classified as potential allergens in 2016 due to random
peptide hits. At the same time, true similarity in protein sequence and
structure between allergens and non-allergens introduces yet another
challenge to similarity-based methods for classifying allergenic proteins.
We revisited sequence and 3D structure features of known allergens
in order to derive and test enhanced prediction methods. We propose
an adjusted hexamer hit approach for a 6-fold reduction of false positives as well as switching from the linear sequence window similarity to
B-cell epitope-like 3D surface similarity using a newly created database
of 713 structural models representing predicted structures for 76% of all
known allergens. Using a benchmark set of known allergens and likely
non-allergens sharing the same structural fold, we show that the 3D
epitope similarity method increased accuracy of classification by 2-fold
compared to the classical linear window approach. Additionally considering differences in physico-chemical surface properties, posttranslational modification and cleavage motifs together with T cell epitopes,
we propose a novel computational workflow for comprehensive assessment of the allergenic potential of proteins. A more accurate prediction
of allergenic potential will greatly improve the risk assessment process
for Type I allergy.

2964 Allergy-Inducing Drugs Induced the

Characteristically Immuno-Morphological
Change in Brown Norway Rats

A. Tamura, M. Kochi, I. Miyawaki, T. Yamada, and K. Bando.
Sumitomo Dainippon Pharma Co, Ltd, Osaka, Japan.
Background: It is challenging to assess the potential of drug allergy in
preclinical stage of drug development. In attempt to provide a method
for solving this problem, we adopted Brown Norway (BN) rats to test
allergy-inducing drugs in the previous study and reported that highdose administration of these drugs commonly induced germinal center
(GC) hyperplasia in BN rats. Based on these results, we hypothesized
that BN rats provided a useful animal model for assessing the potential of drug allergy and the histological lesion of GC hyperplasia could
be used as a predictive biomarker for allergy-inducing drugs. The aim
of this study was to validate this model. Methods: First, we tested different types of allergy-inducing drugs such as diaphenylsulfone (DDS),
sulfasalazine (SSZ), allopurinol (ALL) and mexiletine (MXT) in BN rats to
confirm whether GC hyperplasia was induced by these drugs. Secondly,

2965 Role of AHR Ligands in microRNA-Mediated
Th17/T Regulatory Cell Differentiation in
Delayed Type Hypersensitivity

O. Abdulla, P. Nagarkatti, and M. Nagarkatti. University of South
Carolina School of Medicine, Columbia, SC.
The aryl hydrocarbon receptor (AHR) is known to have an impact on
immunomodulation. Recent data showed that TCDD, an exogenous AhR
ligand, tends to induce T regulatory cells (Tregs), while FICZ, an endogenous AhR ligand, induces Th17 cells. The aim of this present study
is to investigate the effects of TCDD and FICZ on microRNA profile in
delayed type hypersensitivity (DTH). Treatment of C57BL/6 mice with
TCDD attenuated DTH responses to methylated bovine serum albumen
and induced Tregs. Focusing on the Treg subsets, we found that there
was a significant increase in inducible peripheral, natural thymic, and
Th3 T regs. In addition, there is increase in TGFβ levels in the draining
lymph node, as well as increased expression of TGFβ and Treg transcription factor, Foxp3. In contrast, treating DTH mice with FICZ induced
inflammatory Th17 cells and increased the expression of IL-17 and Th17
transcription factor, RORγ. Analysis of microRNA (miR) profiles from
draining lymph nodes showed differential regulation between TCDD
and FICZ groups. Specifically, miR-132, which was overexpressed in
TCDD groups, leads to downregulation of gene targets Sirt1 and IRF1.
Downregulation of these gene targets leads to an increase in Treg differentiation. In contrast, FICZ treatment caused a downregulation of
miR-132, which leads to an upregulation of Th17-associated RORα. In
summary, this study demonstrates that TCDD and FICZ have divergent
effects on miRNA modulation in a DTH model, and both ligands differentially regulate miR-132, which targets key components involved in Th17
and Treg development. (Supported in part by NIH grants P01AT003961,
R01AT006888, R01ES019313, R01MH094755, P20GM103641 to PN and MN,
and HCED fellowship to OA)

2966 Differential Effects of IL-2 and IL-15 Addition

on Numbers and Granzyme B Level in CD8+
Lymphocytes Exposed to Asbestos during MLR

N. Kumagai-Takei, Y. Nishimura, H. Matsuzaki, S. Lee, K. Yoshitome,
and T. Otsuki. Kawasaki Medical School, Kurashiki, Japan.
Background and Purpose: Our previous study reported that asbestos
exposure suppressed the induction of cytotoxic T lymphocytes (CTL),
that is CD3+CD8+ cells, with lytic activity for allogenic targets during
mixed lymphocyte reactions (MLR). IL-2 is a key cytokine for appropriate proliferation of CTL after antigen stimulation. Recently, we
demonstrated that addition of IL-2 into MLR didn’t recover the asbestos-caused decreases in numbers of CD3+CD8+ cells, % CD25+ cells,
%CD45RO+ cells and increase in %CD45RA+ cells, but partially recovered the decrease in %granzyme B+ cells in CD8+ lymphocytes. The
CD8+ lymphocytes from IL-2-added culture with asbestos showed the
same degree of cytotoxicity as those from culture without IL-2 and
asbestos. In the present study, we examined the effect of IL-15 addition
on asbestos-caused suppressed induction of CTL, since IL-15 contributes to proliferation and functional maturation in CTL. Materials and
Methods: Human PBMCs were cultured with irradiated allogenic PBMCs
upon exposure to chrysotile B asbestos at 5 μg/ml for 7 days. After 2
days of culture, IL-15 was added at 1 ng/ml. After 7 days of MLR, PBMCs
were collected and analyzed for phenotypic and functional markers of

CD8+ T cells with fluorescence-labeled antibodies using flow cytometry.
Results: IL-15 didn’t recover the asbestos-caused decreases in % CD25+
and % CD45RO+ cells and increase in % CD45RA+ cells, but recovered
the decrease in numbers of CD3+CD8+ cells and % granzyme B+ cells,
in contrast to IL-2. Discussion: These results indicate that IL-15 is more
effective on recovery from asbestos-caused suppressed induction of CTL
than IL-2, although the interfered expressions of cell surface markers
were not recovered even by addition of IL-15. Further study is needed to
examine the characteristics of CD3+CD8+granzyme B+ cells induced by
addition of IL-15 to clarify the mechanism of asbestos-caused suppression in CTL induction and to find a clue to restore it.

2967 Increased Proliferation of Mesothelial Cells
under the Influence of Asbestos-Exposed
Peripheral Blood Mononuclear Cells

Y. Nishimura1, Y. Maki2, S. Toyooka2, N. Kumagai-Takei1, S. Lee1, H.
Matsuzaki1, and T. Otsuki1. 1Kawasaki Medical School, Kurashiki,
Japan; and 2Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Okayama, Japan.
Our recent studies have clarified functional decreases in T and NK cells
caused by asbestos exposure and reported that patients with malignant
mesothelioma showed several points of similarity in their peripheral
blood mononuclear cells (PBMC). Those findings suggest that immunological effects of asbestos exposure might contribute to development
of mesothelioma. Therefore, we brought up the image for functional
alteration of mesothelial cells mediated by immune cells exposed to
asbestos, and the present study examined cytokines produced by
immune cells upon exposure to asbestos and proliferative activity of
mesothelial cells upon the presence of those cytokines. PBMC were cultured with antibodies to CD3 and CD28 upon exposure to chrysotile
A (CA) or crocidolite (CR) asbestos at 5 or 20 µg/ml for 2 (2D) or 7 days
(7D), and culture supernatants (sup) were harvested. When cultured in
8 fold sup, human normal mesothelial cells MeT-5A showed increased
cell growth in the culture with CA-7D or CR-7D sup compared with
control sup, whereas CA-2D or CR-2D sup did not cause the increase. It
was found by luminex analysis for cytokine production in the sup that
G-CSF, GM-CSF, IL-1α, IL-1β, IL-5, IL-13, IL-17 increased in CA and CR sup.
The solo addition of IL-1α, IL-1β, IL-5, IL-13 and IL-17 caused increase in
cell growth of MeT-5A, but mixture of those cytokines did not cause the
increase. These results indicate that asbestos exposure leads to augmented proliferation of mesothelial cells through production of cytokines by immune cells. It is suggested that chronically altered profile of
cytokine production upon exposure to asbestos might interfere in proliferation control of mesothelial cells, linked to development of tumor.

2968 Evaluating Cytokine and ROS Production by

Macrophages Exposed to Arizona and Libby
Amphibole

M. McLawhorn, A. Salmon, and K. M. Serve. Mars Hill University,
Mars Hill, NC.
Amphibole asbestos describes naturally occurring, straight-chained, silicate fibers. Following fiber inhalation, adverse pulmonary and non-pulmonary outcomes have been noted, including development of fibrotic
lung diseases as well as systemic autoimmune disease (SAID). Notably,
exposure to Libby amphibole (LA) has been associated with SAID in both
human populations and mouse models. Mice exposed to other straightchained, non-asbestos fibers like erionite also develop markers of
SAID, including antinuclear antibodies. Amphibole fibers have recently
been found in Arizona and Nevada, south of Las Vegas, and exposure
has been associated with increased risk of developing mesothelioma.
Due to the similarities in morphology between these fibers and LA,
we predicted that AZ amphibole may drive autoimmune responses
similar to those seen following LA exposure. While the mechanism of
SAID development is not well understood, evidence suggests that it is
likely driven by macrophage responses following fiber phagocytosis.
Recent studies have demonstrated that macrophage cells drive different
immunologic responses depending on the macrophage activation state
and the subsequent cytokine profile secreted. Therefore, we compared
macrophage responses in vitro following exposure to AZ and LA fibers.
The cytotoxicity of AZ and LA fibers to mouse macrophages (RAW 264)
was determined using dose-response curves. ROS production was then
evaluated as a sign of cellular damage and distress. Lastly, the levels of
IL-6 and TGF-β, two cytokines associated with fibrosis and autoimmune
responses, were compared. Preliminary results suggest that macrophages respond similarly to AZ amphibole and LA exposure. Follow-up
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for the purpose of examining whether this histological change was
specific to allergy-inducing drugs, BN rats were treated with lipopolysaccharide (LPS), which posed immune stimulating but not antigenic
potential. Results: The results showed that ALL or MXT did not induce GC
hyperplasia in BN rats but DDS and SSZ induced it in a dose-dependent
manner. One reason for this difference may be that the dose levels of
ALL or MXT were not enough to induce it and another reason may be
that these drugs were less antigenic in BN rats. LPS treatment resulted in
GC hyperplasia in BN rats but immuno-morphological differences were
noted. In the spleen of DDS- and SSZ-treated rats, hyperplastic GCs had
defined border with surrounding follicle accompanied by slightly thin
marginal zone compared to control rats. On the other hand, GCs were
also hyperplastic in LPS-treated rats, there was no clear demarcation
between GCs and lymph follicles, or periarteriolar lymphoid sheath
(PALS), and the thickness of marginal zone was almost same as that of
control rats. Conclusion: Our data suggested that BN rats were capable
to detect the potential of drug allergy but also had a limit of accuracy.
Additionally, GC hyperplasia was necessary but not sufficient to discriminate between allergy-inducing drugs and LPS in these rats. In conclusion, in order to accurately detect the potential of drug allergy, we
should take the immune-morphology characterized by hyperplastic GCs
accompanied by thin marginal zone into account for the assessment in
this model.

studies are needed to fully characterize the immunological response following macrophage activation, as well as to evaluate in vivo responses
to these fibers. Better understanding of the immunological responses to
various amphibole fibers may help inform treatment options and policy
decisions concerning asbestos fiber exposures.

2969 Application of Nanostring Technology for

Assessing Multi-Organ Gene Expression during
Silica-Triggered Autoimmunity in Lupus-Prone
Mice

M. A. Bates1, K. N. Gilley1, D. Jackson-Humbles1, J. R. Harkema1, A.
Holian2, and J. J. Pestka1. 1Michigan State University, East Lansing,
MI; and 2University of Montana, Missoula, MT.
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Development of systemic lupus erythematosus (SLE) is dependent not
only on genetic predisposition to autoimmune disease, but also environmental factors that can contribute to the onset and severity of SLE.
We have previously demonstrated that airway exposure of crystalline
silica (cSiO2) to female lupus-prone NZBWF1 mice triggers early onset of
and exacerbated systemic autoimmune disease which corresponded to
the formation of ectopic lymphoid tissues in the lung and exacerbated
glomerulonephritis in the kidney. In the present study, we hypothesized that cSiO2 first triggers pulmonary inflammation which precedes
systemic autoimmunity and nephritis in the lupus-prone NZBWF1
mouse. Beginning at 8 wk of age, female NZBWF1 mice were intranasally exposed to cSiO2 once per week for 4 wks. At 13, 16, 19 and 22
wk of age, cohorts of mice were sacrificed and tissues from the lung,
spleen, and kidney were collected and stored in RNAlater. Total RNA
from these tissues for each cohort was isolated and purified, and gene
expression levels were determined with the nCounter® PanCancer
Immune Profiling for mouse, a multiplexed method for immune profiling of 800 target genes. Using this approach, we found that cSiO2 elevated levels of gene expression over time for each target tissue over
a wide dynamic range (1 to 585 copies). cSiO2 -triggered elevations
progressed temporally: notable changes were first evident in the lung,
which became apparent in the spleen and kidney at later time points.
Expression levels of genes that were identified as being altered by cSiO2
largely consisted of increased levels of chemotactic factors, cytokines, B
cell receptors, and interestingly, genes involved in interferon regulation.
Taken together, Nanostring® was a robust and sensitive method that
revealed cSiO2-driven proinflammatory events in the lung which drive
systemic autoimmunity in lupus-prone mice.
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2970 Toxicological Impact of Cigarette Smoke in

Rheumatoid Arthritis Pathophysiology: A Study
Focused on Autoantigen Generation

P. Naik, E. Darrah, and V. Sidhaye. Johns Hopkins University School
of Medicine, Baltimore, MD.
Tobacco smoke is a toxic milieu of several thousand compounds that
can potentially influence the development of an autoimmune inflammatory phenotype in diseases such as rheumatoid arthritis (RA).
Epidemiological evidence clearly suggests cigarette smoking as a major
risk factor in the development of RA, although the underlying mechanisms are not clear to date. Post translational modification (PTM) of
proteins can lead to autoantigen generation which can further be targeted by autoantibodies in RA patients. These include citrullinated autoantigens generated via the peptidyl arginine deiminase (PAD) enzymes
and chemical modifications such as carbamylation and formation of
malondialdehyde-acetaldehyde adducts. In this study, we utilize an in
vitro model of cigarette smoke exposure to specifically study the impact
of cigarette smoke extract (CSE) on these PTMs. Immune cells such as
macrophages and its co-cultures with human bronchial epithelial cells
(HBEKT) were treated with freshly prepared 10% CSE for 1.5h prior to
lysis and immunoblotting. Macrophages upregulated PAD4 activity
in the presence of HBEKTs that were chronically exposed to CSE over
24h. Macrophage monocultures elicited citrullination when stimulated
with a secondary stimuli such as ionomycin (1µM) or TNFα (25ng/ml)
but not on CSE alone. Cellular signaling events related to CSE that can
alter PAD activity were further explored; where CSE upregulated glutathione-S-transferase activity along with phosphorylation of MAPK p38.
To explore the broad effects of CSE on generating PTMs, macrophage
lysate was immunoblotted with sera from RA patients having antibodies
to citrullinated protein antigens. Apart from bands at molecular weights
corresponding to histone and fibrinogen, two other autoantigens were
detected at ≈28kDa and >150kDa with increased recognition of the
≈28kDa autoantigen. In conclusion, cigarette smoke toxicity can lead

to autoantigen generation in macrophages with possible interaction
of GST and MAPK pathways. This auto reactivity is further accelerated
in presence of lung epithelial cells suggesting lung as a primary site of
autoantigen generation. Studies are ongoing to identify the novel antigens using LC-MS/MS analysis.

2971 Trichloroethene-Mediated Autoimmunity:

Potential Role of Poly(ADP-ribose)polymerase-1

G. Wang, H. Ma, and M. F. Khan. University of Texas Medical
Branch, Galveston, TX.
Exposure to trichloroethene (TCE), a common environmental and occupational contaminant, has been implicated in the development of
various autoimmune diseases (ADs). Although oxidative stress (OS) has
been involved in TCE-mediated autoimmunity, the molecular mechanisms remain to be fully elucidated. This study was aimed to further evaluate the contribution of OS in TCE-induced autoimmunity by assessing
the role of oxidative DNA damage and its repair enzyme poly(ADP-ribose)polymerase-1 (PARP-1). To achieve this, groups of female MRL
+/+ mice were given TCE, antioxidant N-acetylcysteine (NAC) or TCE +
NAC for 6 weeks (TCE, 10 mmol/kg, i.p., every 4th day; NAC, 250 mg/kg/
day through drinking water). TCE exposure led to significant increases
in serum levels of anti-nuclear (ANA) and anti-histone antibodies. TCE
treatment also led to significant increases in 8-hydroxy-2’-deoxyguanosine (8-OHdG) levels in the liver compared to controls, suggesting
increased oxidative DNA damage. TCE-induced DNA damage was also
associated with significant increases in the levels of PARP-1, caspase-3,
and alterations in Bcl-2 and Bax in the liver. Remarkably, NAC supplementation not only attenuated 8-OHdG, PARP-1, caspase-3 and Bax
levels, but also the TCE-mediated autoimmunity as evident from significantly reduced serum ANA and anti-histone antibodies. These results
suggest that TCE-induced activation of PARP-1 and increased apoptosis present a potential mechanism in TCE-mediated autoimmunity.
(Supported by NIH ES016302)

2972 Effect of Dietary Pristane and Other Mineral
Oil-Saturated Hydrocarbons (MOSH) on
Autoimmune Arthritis in Rats

M. Andreassen1, H. Hjertholm1, J. P. Cravedi3, K. Grob2, J.
Alexander1, and U. C. Nygaard1. 1Norwegian Institute of Public
Health, Oslo, Norway; 2Official Food Control Authority of the
Canton of Zurich, Zurich, Switzerland; and 3Université de Toulouse,
Tolouse, France.
Pristane and other adjuvants based on mineral oil-saturated hydrocarbons (MOSH) induce autoimmunity in rodents after intradermal injection. MOSH are part of our daily environment and a number of sources
have been identified for the occurrence of MOSHs in the food chain. It is,
however, unknown whether oral exposure to dietary MOSH might have
autoimmune effects similar to the ones observed after injection. The aim
of the present study therefore was to determine the impact of oral exposure to pristane and a broad MOSH mixture relevant for human dietary
exposure on the development of autoimmune arthritis. Male and female
Dark Agouti (DA) rats were given 4000 mg/kg feed of pristane or MOSH
in various concentrations (0, 40, 400 or 4000 mg/kg feed) for 90 days. As
a positive control rats were given a single intradermal injection with 200
µl pristane. Clinical arthritis symptoms (arthritis score) and biological
markers previously reported to be associated with arthritis development
in rats (serum cytokines IL-17, IL-1β, TNFα, serum rheumatoid factor IgG
and IgM, splenocyte expression of toll like receptors 2 and 3, and splenocyte secretion of the cytokines IL-17, IL-2, TNFα and IFNγ) were determined. While pristane-injected rats displayed strong clinical arthritis
symptoms, rats orally exposed to pristane or the broad MOSH mixture
did not show clinical arthritis symptoms nor changes in common arthritis-associated biological markers in sera and spleen. Thus, in this experimental rat model susceptible for arthritis development, the absence
of clinical arthritis symptoms as well as lack of alterations in common
arthritis-associated biological markers in sera and spleen suggest that
dietary MOSH have a low capacity to promote development of autoimmune arthritis.

Prediction of Allergenic Potential of Protein
Allergens

N. L. Krutz5, J. Hennen5, C. Rodriguez4, C. Goebel3,1,, G. F.
Gerberick2, and B. Blömeke5. 1Coty Professional Beauty,
Darmstadt, Germany; 2The Procter & Gamble Company, Mason,
OH; 3The Procter & Gamble Company, Schwalbach am Taunus,
Germany; 4The Procter & Gamble Company, Strombeek-Bever,
Belgium; and 5University of Trier, Trier, Germany.
Respiratory protein allergy may occur due to occupational or personal
exposures originating from an increased use of plant extracts in household and personal care products. Materials that require safety assessment are mostly not homologues to human proteins, and thus are
potentially allergenic. There is a need for approaches that can provide a
suitable characterization of respiratory allergenic potential and potency.
Up to date, none of the available in vivo and alternative in silico/in vitro
methods are accepted nor have they been formally validated. We aim at
developing approaches to identify proteins with the potential to cause
respiratory allergy and, if possible, evaluate their potency. Based on
knowledge that MHC (HLA) class II antigen presentation is needed to
induce an IgE antibody response, we explored the predictive value of
peptide binding characteristics to human HLA class II molecules. We
selected a panel (n=23) of well-characterized proteins and classified
them into putative non-allergenic, minor and major allergens based on
their frequency of IgE responses in allergen source-sensitized individuals collected from published studies, and evaluated predicted binding
(in silico by www.iedb.org) of overlapping peptides spanning proteins to
the most common 27 HLA variants. Binding affinity was subcategorized
into strong, weak, and very weak up to published limits for biological
relevance. Further, we analyzed binding events per sequence length,
variety of HLA molecules involved in binding, promiscuity, and density
of strongly binding epitopes. Total binding events, number of HLA molecules involved in binding, promiscuity, and epitope density were as
frequent in major as well as in minor and putative non-allergens at any
threshold studied. Thus, chosen parameters were found to be unsuitable for the in silico discrimination between allergenic and non-allergenic proteins, and no correlation with their relative allergenic potency
could be revealed. Approaches for allergenicity testing of proteins
based on alternative methods are demanded. Their development will
require further efforts to identify and characterize relevant key mechanistic parameters.

2974 The Effect of Porphyromonas gingivalis

Lipopolysaccharide (LPS) on Rat Brain Microglia
Classical and Alternative Activation In Vitro

J. Mayer, M. Luce, L. C. Klemm, M. L. Hall, and A. M. Mayer.
Midwestern University, Downers Grove, IL.
Background: The possible association between periodontal disease (PD),
a chronic inflammatory disease affecting 64% of adults 65 years and
older, and neuroinflammation which involves brain microglia, remains
relatively unexplored. Thus we decided to investigate whether neonatal rat microglia (BMG) might be activated by LPS of Porphyromonas
gingivalis (Pg), a pathogenic bacteria implicated in periodontitis. We
hypothesized that exposure to Pg LPS, would induce both classical
(M1-type) and alternative (M2-type) activation of BMG and concomitant
release of superoxide anion, thromboxane B2, cytokines, and chemokines. Methods: P. gingivalis LPS (Pg LPS) was purchased from InvivoGen
(San Diego, CA). E. coli LPS (Ec LPS) 026:B6 (from Difco Lab, Detroit, MI)
was used as a positive control. BMG were isolated from neonatal rats,
and treated in vitro with either Pg LPS or Ec LPS, in a concentration-dependent manner, for 18 hours at 35.9°C. BMG were identified by confocal microscopy using the surface marker CD11b/c. Thromboxane B2
(TXB2) and superoxide anion release were determined by ELISA and
cytochrome c reduction, respectively. Cytokines and chemokines were
determined with a Milliplex® MAP rat cytokine/chemokine multiplex
immunoassay. Results: Statistically significant and concentration-dependent release of pro-inflammatory cytokine TNF-α and chemokines
MIP-2 (CXCL-2) and MIP-1α (CCL3) was observed at > than 1ng/mL Ec
LPS and 104 ng/mL Pg LPS. In contrast, Ec LPS (positive control), but not
Pg LPS, stimulated a statistically significant and concentration-dependent release of superoxide anion, TXB2, IL-6, CINC-1 (CXCL-1); and the
anti-inflammatory cytokine: IL-10 at > than 1ng/mL Ec LPS. Conclusions:
Our current observations provide preliminary support for our working
hypothesis, because BMG were activated by Pg LPS in a time- and concentration-dependent manner to release pro-inflammatory cytokine
TNF-α and chemokines MIP-2 (CXCL-2) and MIP-1α (CCL3). By further

investigating the mechanism by which Pg LPS activates resident brain
microglia, our studies will contribute to characterize chronic inflammatory states, like periodontitis, and their putative role in age-related
neuroinflammation. (Support by College of Dental Medicine, Midwestern
University is gratefully acknowledged).

2975 Cyclosporine A (CsA) Partially Prevents

Progression of Colitis in an Acute DSS-Induced
Mouse Model

R. Samadfam1, H. Rashid1, A. Bedard1, L. Chouinard1, J. Cornicelli2,
E. Leccese3, L. Y. Moy3, and J. Zhang-Hoover3. 1Charles River,
Montreal, QC, Canada; 2Charles River, Wilmington, MA; and 3Merck
& Co., Inc, Boston, MA.
Among the various animal models of inflammatory bowel disease
(IBD), the chemically-induced colitis models are the most common due
to their robustness, reproducibility and overall etiology of the disease
with some resemblance to the human disease. We conducted a study to
establish a relevant colitis model & to investigate effectiveness of CsA in
prevention of the disease. Female C57BL6 mice were given DSS at concentrations of 2, 3, 4 and 5% in drinking water from Day 1-8. A cohort of
mice was euthanized on Day 8 and remaining cohort on Day 10. Colons
were collected, weighed and length measured, and then swiss-rolled
and fixed in formalin, for histopathological evaluation. Clinical signs
were evaluated from Day 1 to Day 10; these included scores (0-4) for
body weight loss, stool consistency and fecal blood. A semi-quantitative grading (0-4) of colitis severity was performed based on: epithelium
score, overall ulcer extent score, infiltrate score and overall inflammation
extent score. Following model development, two dose levels of CsA (40
and 80mg/kg) were evaluated. Treatment started on the day ofdisease
induction. Ad libitum administration of DSS in drinking water induced
dose-dependent colitis in mice as assessed by in-life clinical signs and
histopathological evaluation. Diarrhea and occult blood in stools were
evident by Day 2 in 5% DSS group, at Days 3-4 in the 3% and 4% DSS
groups and at Day 5 in the 2% DSS group. For mice euthanized on Day
10 (2 day washout), stool consistency and fecal blood scores decreased
while body weight loss still persisted. Colon length shortened and
weight increased in DSS-treated mice. Histopathologically, evidence
of colitis in colon sections was seen in all groups. The higher DSS concentration groups that underwent washout had relatively lower colitis
scores on Day 10 possibly due to early regeneration and healing. 3%DSS
was selected as an optimal dose level for disease induction and was
used to investigate efficacy of CsA. At 40mg/kg and to a greater extent
at 80mg/kg, CsA reduced both in-life and microscopic disease severity.
Overall, results show that 3% DSS in drinking water was optimal for
colitis induction in these mice. Furthermore, CsA can partially prevent
disease progression and at appropriate dose levels can be used as a
positive control for screening of anti-IBD compounds.

2976 Effect of Resveratrol on Gut Microbiome in TNBSInduced Colitis

H. R. Alrafas, B. P. Busbee, F. Zameer, P. Nagarkatti, and M.
Nagarkatti. University of South Carolina School of Medicine,
Columbia, SC.
Colitis is an inflammatory bowel disease of unknown etiology characterized by acute or chronic inflammation of the large intestine. Currently
there is no cure for patients suffering from colitis, and most treatments
involve the use of immunosuppressive drugs that can have adverse
side-effects or increased toxicity. In the current study, we investigated
the effects of resveratrol, a natural component found in grapes, strawberries, and raspberries, on murine TNBS colitis model. Our data shows
that administration of resveratrol alleviates symptoms associated with
colitis in this model, which includes reversal of weight loss and colon
shortening. In addition, mice treated with resveratrol showed decreased
levels of circulating inflammatory biomarkers like serum amyloid A,
myeloperoxidase and lipocalin 2. Flow cytometry data showed significant increasein mesenteric lymph node CD3+, CD4+ T cell population
and INF gamma in TNBS group, while significant increase in Foxp3 T
cells was seen in resveratrol treatment group. Endoscopy and histopathology also showed decreased tissue damage and cellular infiltration in
the colon. In order to better understand the beneficial effects of resveratrol against colitis, we performed 16S rRNA metagenomic sequencing to
investigate alterations in the gut microbiome after induction of colitis by
TNBS and treatment with resveratrol. Analysis of cecal flushes revealed
that TNBS administration leads to increase in Firmicutes, Tenericutes
and Bacteroidetes. However, mice that were treated with resveratrol
showed a remarkable reversal in these gut microbial alterations caused
by TNBS colitis induction, with gut microbiome similar to that of vehi-
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2973 Applicability of In Silico HLA Class II Binding for

cle-treated control mice. Collectively, these data suggest that resveratrol is able to ameliorate colitis by preventing pathogenic gut microbial
dysbiosis and restoring gut microbiome composition to a more homeostatic state. (Supported in part by NIH grants P01AT003961, R01AT006888,
R01ES019313, R01MH094755 and P20GM103641)

2977 Investigation of microRNAs as Potential

Biomarkers in an IBD Model (TNBS) of Crohn’s
Disease

H. Lin2, K. Percival1, and Z. Radi1. 1Pfizer Inc., Andover, MA; and
2Pfizer Inc., Cambridge, MA.
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MicroRNAs (miRNAs) are a class of small non-coding RNAs that play a
crucial role in the pathogenesis of many disease conditions by regulating gene expression. Differential expression of miRNAs has been
described in multiple immunologically-mediated diseases. In patients
with Inflammatory Bowel Disease (IBD), unique miRNA expression profiles have been described in the intestinal epithelia cells and peripheral
blood. A number of chemically-induced colitis models are widely used.
Among those models, 2, 4, 6-Trinitrobenzene sulfonic acid (TNBS) is used
as an IBD model as it elicits a predominant activation of Th1-mediated
immune response which involves IL-12 and TNF-α as effector cytokines.
The TNBS mouse model was chosen as the disease model in our study
to investigate miRNAs expression profiling in the colonic epithelium.
Using Taqman low density array, miRNAs expression profiles were investigated in the colonic epithelium after collection by laser capture microdissection (LCM) from the vehicle control and TNBS-treated mice. Two
normalization approaches, Loess and Quantile, were applied to yield
the differential expression of 10 significantly dysregulated miRNAs
overlaps: miR-142, -224, -342, -410, -434, -467e, -674 were increased;
miR-99, -125, -324 were decreased in TNBS-treated mice. Of these, miR125, decreased ~10x in the colonic epithelium of TNBS-treated mice and
has been demonstrated to target TNF-α and to be decreased in circumstances in which TNF-α is increased, a phenotypic cytokine response in
the TNBS model. Among the decreased miRs, miR-224, increased ~6x in
TNBS-treated mice, has been demonstrated, in the literature, to increase
in serum of CD patients treated with TNF-α antagonist. The aberrant
miRNA expression profiles indicate that miRNAs might contribute to
IBD pathogenesis, or reflect the underlying immunological processes.
Analyzing miRNA expression may be beneficial in monitoring or diagnosing disease in IBD patients, and manipulation of the miRNA/regulated gene pathway offers a potential therapeutic strategy for IBD.
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2978 HDACs Regulate Cigarette Smoke-Induced FOXO
Transcription Factors and Autophagy

P. Bagam, D. P. Singh, and S. Batra. Southern University and A&M
College, Baton Rouge, LA.
Chronic Obstructive Pulmonary Disorder (COPD), characterized by
chronic bronchitis and emphysema is a leading cause of morbidity and
mortality worldwide. Cigarette smoking (CS) is the major risk factor
which exposes lungs to high concentration of free radicals and bioactive
chemicals. Oxidative stress results in DNA damage, degradation of proteins, and cell death resulting in acute lung injury (ALI). The tissue injury
in COPD is irreversible with no available therapy helpful in regressing
this damage. This necessitates further understanding and investigation
into the mechanism of cellular damage due to CS. Earlier studies have
demonstrated a functional role of autophagy in COPD. However, there is
paucity of information regarding the associated molecular mechanisms.
Autophagy plays important role in synthesis, degradation and recycling
of damaged cellular proteins and maintenance of cellular homeostasis.
Expression and activation of autophagy related genes is regulated by
Fork head box class O (FOXO) transcription factors, FOXO1 and FOXO3.
We hypothesize important role of histone deacetylases (HDACs) in
CS-mediated regulation of FOXO1 and FOXO3. In this context, we first
observed CS-mediated increase in the expression and activation of
FOXO1 and FOXO3 in human airway epithelial cells (A549). Acetylation
and deacetylation of histones and non-histone proteins regulate gene
transcription positively or negatively. We therefore investigated the
effect of HDAC inhibitor benzyl-isothiocyanate (BITC) on CS-mediated
regulation of FOXO proteins and autophagic flux. Interestingly,
pre-treatment with BITC significantly abrogated CS-induced expression of FOXO1, FOXO3 and ATGs. Overall, these results demonstrate
HDAC mediated regulation of autophagy in CS-challenged cells. These
findings may lead to the development of important therapeutic intervention strategies for COPD. We are currently focusing to determine
the role of HDACs in CS-induced regulation of autophagy related proteins by FOXO transcription factors using ChIP assays in A549 cells.
Acknowledgment: This work was supported by Young Clinical Scientist
Award (FAMRI- 123253_YCSA_Faculty); NIH R15 (7 R15 ES023151 02); LBRN
Start-up Grant (2P20GM103424-14 -Sub award No. 100011) to SB.

2979 ODSH Improves Bacterial Clearance in Cystic

Fibrosis by Reducing HMGB1 Release and
Improving Phagocytosis of Airway Macrophages

M. Wang1, X. Yang1, V. Patel1, and L. Mantell1,2,. 1St John’s
University, Jaimaica, NY; and 2The Feinstein Institute for Medical
Research, North Shore-LIJ Health Science, Manhasset, NY.
Chronic bacterial infections and neutrophilic inflammation are characteristics of the airways in patients with cystic fibrosis (CF). Pseudomonas
aeruginosa (PA) remains one of the most prevalent bacteria affecting
majority of adult CF patients. Previously, we demonstrated that the elevated levels of HMGB1 in the airways, of CF patients and cystic fibrosis
transmembrane conductance regulator (CFTR)-/- mice, play a pivotal role
in the impairment of PA clearance from the CF lung. The objective of this
study is to further explore the mechanism of compromised immunity in
CF mice and whether targeting at HMGB1 using pharmacological agents
can improve bacterial clearance in CF mice. Results show that both alveolar macrophages and bone marrow derived macrophages harvested
from CF mice exhibited a significantly decreased ability to phagocytose
comparing to wildtype (WT) mice. With the treatment of ODSH, phagocytic function of macrophage-like RAW 264.7 cells were improved. In
addition, CF mice were treated with anti-inflammatory agent ODSH at
doses of 8.3 and 25mg/kg. With ODSH treatment at 25mg/kg, HMGB1
levels in the airways of CF mice were significantly decreased and significant improvement in bacterial clearance was observed in the airways of
CF mice. With further investigation in this study, it is potential that these
preclinical findings could be translated into clinical settings in order
to improve current treatment of bacterial infection in cystic fibrosis
patients.

2980 Investigating the Role of CD19+ B1 B Cells in

the Pathogenesis of Hydrocarbon Oil-Induced
Diffuse Pulmonary Hemorrhage

P. Prasad, R. Halder, I. Valera, R. Sato, K. Bawa, M. C. Fishbein, and R.
R. Singh. University of California Los Angeles, Los Angeles, CA.
Background: A community study suggested an increased risk of
immune/inflammatory diseases in individuals exposed to hydrocarbon
oil 2,6,10,14-tetramethylpentadecane (TMPD). TMPD induces diffuse
pulmonary hemorrhage (DPH) in mice that pathologically mimics
DPH in humans. DPH occurs in humans exposed to chemotherapeutics/ pesticides/ cocaine, and has no effective treatment. Humans are
exposed to hydrocarbon oils via exhaust fumes, cosmetics, food, and
laxatives. Results: We found that compared to none of controls [control
oil (n-Hexadecane)/ PBS/ sham-injected], 73% of TMPD-exposed (500
μl, i.p.) C57BL/6 wild type mice (B6 WT) developed DPH/pneumonitis
and infiltration of multiple immune cell types in lungs after 10-30 days
of exposure. A dose-response experiment [TMPD: 125 μl, 250 μl, 500 μl
(i.p.)] we conducted in B6 mice showed that 14% of 250 μl, and 67% of
500 μl groups developed a significant reduction in bodyweight within
19 days that correlated with DPH development. We tested the hypothesis that TMPD exposure causes a rapid expansion/activation of innate B
cells in mice. At Day 7 timepoint, prior to any histopathological changes,
while both n-Hexadecane (Hex) and TMPD caused abnormalities of
myeloid cells, only TMPD caused increased infiltration of CD19+ B cells
and subset B1 B cells (CD19+CD11b+/CD19+CD5+) in lungs. B1 B cells
were simultaneously reduced significantly in their usual location, peritoneal cavity in TMPD-exposed mice. Global gene expression analyses
in lungs revealed a differential expression of a cohort of immune/inflammatory genes including a chemokine Cxcl13 that drives migration of B1
B cells. To elucidate role of B1 B cells in DPH development, we administered TMPD (500 μl, i.p.) to B6 WT (n=17) and CD19-/- Cre B6 mice (n=18),
and at Day 14 the CD19-/- Cre B6 mice developed significantly less DPH
(P<0.01), based on histopathology scores. Summary: These data guide
us to posit that TMPD induces early changes in immune-response genes
that drive trafficking of innate B1 B cells to lungs, and are crucial in DPH
pathogenesis. Ongoing experiments focus to elucidate mechanisms by
which B1 B cells are involved in DPH pathogenesis by adoptive transfer
of B1 B cells from CD45.1+ B6 WT mice, which may induce DPH in naïve
CD45.2+ CD19-/- Cre B6 recipients when exposed to TMPD.

LPS are Altered by Whole Body Irradiation

A. M. Groves, C. J. Johnston, J. P. Williams, and J. N. Finkelstein.
University of Rochester, Rochester, NY.
Lung exposure to radiation results in early acute injury followed by
inflammatory responses and microenvironmental alterations that
promote the development of pneumonitis and pulmonary fibrosis.
Activated macrophages (MP) may contribute to the development of
fibrosis in the lung, becoming polarized to orchestrate inflammatory
responses. Irradiated (RT) mice have demonstrated increased mortality
following influenza infection, but the extent of long lasting impairments
in the ability to respond to environmental challenges later in life has not
been fully investigated. To determine whether immune responses to
a secondary challenge are altered by RT, C57Bl/6J mice were exposed
to a lethal dose of 8 Grey whole body RT and rescued with granulocyte
colony stimulating factor, 1 mg/kg, 24 hr post exposure, then allowed
to recover for 12 wk, before receiving an inhaled dose lipopolysaccharide (LPS) of approximately 10 ng/mouse. At 2 and 5 days (d) post LPS
exposure blood samples were collected for white blood cell differentials
and lung cells digests were stained for flow cytometry analysis of neutrophils, monocytes, and macrophages. The magnitude and duration of
inflammatory responses to LPS were altered by prior RT. LPS inhalation
increased lung neutrophils by 2 d post exposure, regardless of whether
mice had received prior RT, however in RT mice this response was
greater in magnitude when compared to non-RT mice. This correlated
with elevated granulocyte numbers in the circulation in LPS exposed RT
mice, as well as increased numbers of circulating monocytes and inflammatory Ly6C+ infiltrating macrophages, a response not present at this
time in LPS exposed non-RT mice. In LPS exposed RT mice, a greater
proportion of infiltrating macrophages expressed CD206, a marker of
alternative activation, when compared to non-RT LPS treated mice. In
contrast, in non-RT mice a larger percentage of AMs were F4/80+ and
CD206+ at 5 d post LPS exposure when compared to RT mice. Because
control of inflammatory responses was altered by RT, this suggests that
a persistent subclinical injury may occur that becomes apparent by
subsequent insult, affecting sensitivity to challenges later in life. This
may reside in the local environment of the lung, since mobilization of
bone marrow derived immune cells was not impaired. (Supported by R01
AI101732-01, U19AI091036, P30 ES-01247 and ES T32 07026)

2982 Characterizing the Impact of the Gut Microbiota
on Ceramide Synthesis in Mice

N. Hume, P. B. Smith, and A. D. Patterson. Penn State University,
University Park, PA.
The intestinal microbiota has been implicated in the development
of non-alcoholic fatty liver disease (NAFLD). The liver is the first filter
of nutrients absorbed by the small intestine, which includes microbiota-generated byproducts that play a role in liver health and disease
pathogenesis. In addition to the gut microbiome, ceramides are associated with liver disease. Ceramides are a type of sphingolipid important
for cell structure, signaling, and metabolism. Studies have found an
association between increased levels of ceramides in the liver and cellular responses such as oxidative stress and inflammation. An increase in
the levels of circulating ceramides has been linked to the pathology of
NAFLD. These observations have been reported in both mouse models
(high fat diet-induced) and in humans. This study aimed to gain a deeper
understanding of the link between the gut microbiota and ceramide
profiles of mouse liver and intestinal tissue to ultimately provide greater
insight on the progression and future treatment of NAFLD. Utilizing
both germ-free and conventional mouse liver and ileum tissue, quantitation of liver ceramides using triple quadrupole mass spectrometry
(LC-MS/MS) and analyzing gene expression with QPCR of liver and ileum
tissue was performed. Significant changes in the levels of ceramides
such as the C18 and C20 ceramide suggest that the ceramide profile can
be affected through manipulation of the gut microbiota. In addition to
ceramide levels, changes in gene expression of de novo ceramide synthesis genes such as Degs2, Cers5, Smpd1, Smpd2 in the liver and Cers6 in
the ileum also support this notion.

2983 Role of Farnesoid X Receptor (FXR) Deficiency
in the Development of Inflammation during
Nonalcoholic Steatohepatitis (NASH)

C. R. Gardner, G. L. Guo, B. Kong, L. E. Armstrong, I. Escobar, and
D. L. Laskin. Rutgers University, Piscataway, NJ.
Nonalcoholic fatty liver disease represents a spectrum of diseases associated with metabolic syndrome, with NASH being one of the most severe
types. NASH is characterized by inflammation, hepatic steatosis and
fibrosis. Abnormal bile acid homeostasis is thought to be involved in the
development of NASH. Bile acid homeostasis is regulated by the nuclear
receptor FXR, which is known to possess anti-inflammatory activity. In
the present studies we analyzed the role of FXR in the development of
NASH using whole body (FXR-/-) and liver specific (AFXR-/-) knockout (KO)
mice fed a control (CTL) or high fat (HF) diet for 6 months. Long term
feeding of the HF diet resulted in the development of NASH in wild type
(WT) mice. FXR-/- and AFXR-/- mice developed more severe NASH, with
greater inflammation and fibrotic changes occurring in AFXR-/- animals;
this was accompanied by increased hepatic expression of TIMP-1 and
collagen 1a1 and increases in serum ALT. The development of NASH in
response to HF diet was associated with increases in inflammatory macrophages in both WT and KO mice; this was most prominent in AFXR-/mice. Macrophages from FXR-/- and AFXR-/- mice were also highly positive for the proinflammatory marker, galectin-3, suggesting a greater
level of activation. Galectin-3+ macrophages were predominantly
located around lipid droplets or in areas of inflammation. Expression
of the antioxidant, hemeoxygenase-1, was also upregulated in macrophages from mice fed a HF diet, however, there were no differences
between the genotypes. In livers of FXR-/- and AFXR-/- mice, increased
constitutive mRNA expression of the proinflammatory cytokine IL-6
was noted, when compared to WT mice; however, IL-6 expression was
unchanged by HF diet. Taken together, these data support the concept
that FXR is involved in liver inflammation during the development of
NASH and suggest a potential role of inflammatory macrophages in
disease pathology. (NIH ES004738, AR055073, GM104037 and ES005022)

2984 Inflammation in PTSD is an Outcome of the
Dysregulated miRNA Biogenesis Pathway

M. Bam, X. Yang, P. Nagarkatti, and M. Nagarkatti. University of
South Carolina School of Medicine, Columbia, SC.
It is well established that PTSD patients exhibit chronic systemic inflammation characterized by upregulated expression of proinflammatory
cytokines, IFNγ and IL12. However, the mechanism of regulation of these
genes is inadequately understood. The role played by miRNAs is one of
the key mechanisms of gene regulation. An alteration in miRNA biosynthesis pathway can result in dysregulation in their expression which can
impact the target genes. We observed that AGO2 and DICER1 expression is lower in the PBMCs of PTSD by RNA-Seq analysis. These proteins
are responsible for the generation of mature miRNAs. Furthermore,
we observed a massive downregulation of miRNAs in the PBMCs from
PTSD patients by microarray analysis, thereby leading us to hypothesize that lower expression of AGO2 and DICER1 occurs during PTSD and
this probably results in the downregulated expression of miRNAs. Upon
analysis of the target genes of the dysregulated miRNAs, we observed
that several of the pro-inflammatory and related genes are targets of
the downregulated miRNAs. Thus, we further hypothesized that dysregulated expression of the immune system genes during PTSD is contributed by defective miRNA biogenesis. We further confirmed miRNA
dysregulation by performing microarray on a replication sample group
which further confirmed our initial observations. In vitro experiments
showed that the expression of several dysregulated miRNAs is altered
as a result of the knockdown of AGO2 and DICER1 independently. Upon
further investigation, we observed that STAT3, which we found to be
downregulated in PTSD, is probably the one responsible for the downregulated expression of AGO2 and DCR1. The findings strongly indicate
a role for the downregulated expression of STAT3, AGO2 and DCR1 in
inflammation seen in PTSD patients. The present data further provide
strong evidence that PTSD manifests an inflammatory condition which is
epigenetically regulated and these molecules can be used as biomarkers
for PTSD diagnosis and for combating the chronic inflammation.
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2981 Pulmonary Innate Immune Responses to Inhaled

2985 Dietary Cadmium Levels Exacerbate Murine

2987 Determining the Safety and Influence of

J. D. Chandler1, X. Hu1, E.-J. Ko2, S. Park2, J. Fernandes1, Y.-T. Lee2,
M. L. Orr1, L. Hao1, K. Uppal1, S.-M. Kang2, D. P. Jones1, and Y.-M.
Go1. 1Emory University, Atlanta, GA; and 2Georgia State University,
Atlanta, GA.

R. Rajoria, C. Smith, P. Gottfried, M. Crowley, D. O’Brien, and V.
Naageshwaran. Absorption Systems, San Diego, CA. Sponsor: L.
Manza.

Inflammatory Responses to H1N1 Influenza
Infection

Influenza A virus infects millions of people each year and has claimed
tens of thousands of lives since the 2009 H1N1 pandemic. Public health
efforts focus on preventive vaccination, but infected individuals may
face severe inflammation, pneumonia and death. Emerging evidence
from our group and others suggests that dietary cadmium (Cd), an environmentally ubiquitous heavy metal, may worsen lung disease through
pro-inflammatory pathways. To assess the role of dietary Cd in influenza-mediated lung inflammation, we used a mouse model of 1 mg/l
(5.5 µM) CdCl2 exposure in drinking water for 16 weeks. Ten days prior
to study completion, mice were given 0.8 x LD50 of A/Cal/2009 H1N1 or
sterile saline. Cd exposure caused a 4.8-fold increase in lung tissue Cd
without detectable changes in urine or plasma, and H1N1 caused extensive lung inflammation. Cd-exposed mice given H1N1 had increased
lung inflammation compared with vehicle-treated, including increased
neutrophils, monocytes, T cells, chemokines KC and IP-10, and cytokines
IFN-γ and IL-6. High-resolution metabolomics revealed disrupted carnitine, asparagine and tryptophan metabolism, while transcriptomics
showed changes in interferon, pro-inflammatory, complement and
myogenesis gene sets. Transcriptome-metabolome-wide association
study (TMWAS) revealed strong associations of pro- and anti-inflammatory pathways with carnitine and tryptophan metabolites and lung
cysteine oxidation. Thus, increasing lung tissue Cd from dietary level
exposure exacerbated pro-inflammatory responses to H1N1 in mice.
The results suggest that high dietary Cd intake in humans could have
adverse effects upon influenza infection.

2986 Combination of Cannabinoids,
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Δ9-Tetrahydrocannabinol (THC), and
Cannabidiol (CBD) Ameliorate Experimental
Autoimmune Encephalomyelitis by Promoting
Cell Cycle Arrest and Apoptosis in Activated T
Cells through miRNA Signaling Pathways

SOT 2017 Annual Meeting

Z. Z. Al-Ghezi, P. Nagarkatti, and M. Nagarkatti. University of
South Carolina School of Medicine, Columbia, SC.
Multiple sclerosis (MS) is a chronic and disabling disorder of the CNS characterized by breakdown in the blood brain barrier and demyelination.
Finding a cure for MS remains challenging, and most treatments involve
the use of immunosuppressive drugs that have toxicity. The marijuana
plant, Cannabis sativa produces phytocannabinoids that relieve nausea,
pain, and inflammation. In the current study, we investigated the effects
of using a combination of the psychotropic THC and non-psychoactive
CBD on the regulation of activated T-cells during the development of
experimental autoimmune encephalomyelitis (EAE), a murine model
of MS. We demonstrated that administration of THC+CBD ten days
after EAE induction was effective at ameliorating the disease, including
inflammation and CNS cellular infiltration. MicroRNA microarray analysis revealed altered miRNA profile in brain infiltrating CD4+ T cells
following THC+CBD treatment of EAE mice. In addition, mice treated
with THC+CBD showed decreased levels of brain infiltrated CD4+ T cells,
pro-inflammatory cytokines (IL-17 and INF-γ) and increase in the levels
of brain infiltrated FoxP3+ CD4+ T cells and anti-inflammatory cytokine
IL-10. Further evidence indicated that THC+CBD treatment significantly
down-regulated several miRNAs (miR-92a-3p, miR-16, let-7a-5p) in brain
CD4+ T cells that target genes associated with cell cycle (E2F1, E2F2,
E2F3 and CDKN2A) and apoptosis (FOS, BCL2L11). Collectively, these
studies demonstrate that THC+CBD treatment leads to the amelioration
of EAE development by suppressing T cell responses through the induction of select miRNAs that control cell cycle progression and mediate
apoptosis. (Supported in part by NIH grants P01AT003961, R01AT006888,
R01ES019313, R01MH094755 and P20GM103641)

Various Immunosuppressant Regimens in a
Streptozotocin-Induced Diabetic Rat Model

Purpose: Immunosuppression regimens in preventing autoimmune
disease and organ-transplant rejection consists of the following drugs: a
purine antagonist (mycophenolate), a glucocorticoid (prednisone), and/
or calcineurin inhibitor (cyclosporine). For patients that develop diabetic
sequela requiring organ transplants, considerations should be factored
due to the growing concern for chronic immunosuppression treatment
and its influence on diabetes mellitus (DM). As recipients of organ transplants survive longer, the complications of DM have warranted the need
to determine if chronic immunosuppressant dose regimens exacerbate
a pre-existing diabetic condition. Methods: A model of diabetes mellitus (DM) was achieved in Sprague Dawley rats by an intraperitoneal
injection of streptozotocin (STZ). All DM rats possessed a hyperglycemic state (> 400 mg/dL) four weeks before dosing and with insulin
provided. Upon confirmation of chronic DM, immunosuppressant dose
regimens were orally administered twice daily based on testing groups:
(1) mycophenolate sodium [MS]; (2) MS with cyclosporine; (3) MS with
prednisone. In addition, a group of DM and non-DM rats were dosed
only with vehicle (control groups). Clinical pathology, gross necropsy,
and histopathology of vital organs were utilized to assess toxicity of the
aforementioned immunosupressant regimens in a DM model. Results:
DM was confirmed in all STZ groups throughout the study duration with
no clinical signs of toxicity manifested from DM induction. Despite some
of the DM testing (immunosuppressant) groups revealing changes in
health, clinical pathology, and histopathology, such findings were not
correlated to one specific testing group. Conclusions: The induction of
DM serves as an effective pre-clinical model for evaluating therapeutic
efficacy of immunosuppressant drugs in patients with existing DM.
Although prior research and clinical trials have utilized such immunosuppressant drugs for maintaining adequate immunosuppression in
organ-transplant cases, the utilization of these drugs in preventing or
exacerbating DM is yet to be determined. Further studies are required to
determine the optimal clinical dose regimens while minimizing systemic
toxicity as well as influence on pancreatic function.

2988 Modulation of Gut Microbiome by Soy Isoflavone
Genistein is Associated with a Reduced Type 1
Diabetes (T1D) Risk

G. Huang, and T. L. Guo. University of Georgia, Athens, GA.
Studies have associated gut microbiome changes with the risk of type
1 diabetes (T1D), a devastating and expensive organ-specific autoimmune disease; however, the modulatory effect of endocrine disruptors
(EDs) such as dietary genistein (GEN) remains a gap in understanding
the mechanisms of EDs in the disease progression. In our studies, two
animal models, non-obese diabetic (NOD) and severely combine immunodeficiency (SCID) mice, were employed to investigate the association
of gut microbiome perturbation with immune system in T1D following
GEN treatment. Adult male and female NOD mice, as well as adult female
SCID mice, received a daily oral dose of GEN at 20 mg/kg body weight,
and the body weight, blood glucose level (BGL), systemic immune function (represented by the serum IgM and IgG antibody subclasses, cytokine and chemokines) were monitored. In addition, the fecal gut microbiome was sequenced to study the 16s ribosomal RNA (rRNA) alteration
following GEN exposure. Among the NOD males exposed to GEN, a significantly reduced BGL, an improved glucose tolerance, and an anti-inflammatory response (suggesting an amelioration of T1D) was accompanied by an altered β-diversity (represented by weighted Unifrac) in
gut microbial species (p<0.05). One increased and two decreased abundances in three taxa at genus level were consistent with a protection
against T1D. The ratio of Firmicutes/Bacteroides, two major phyla found
in the gut, and α-diversity were slightly altered (P > 0.05). Among the
NOD females exposed to GEN,, a later onset of T1D was observed, while
the changes of BGL were not significant. In addition, no differences in
the taxonomy, α and β-diversities were found in the gut microbiome of
NOD females following GEN exposure. In SCID mice, however, possibly
due to the lack of functional adaptive immune system, no changes in
T1D and BGL were noticed throughout the study. Furthermore, no differences in the taxonomy, α and β-diversities were observed following
GEN exposure. These studies revealed a possible mechanism that the
immunological improvement (e.g., an anti-inflammatory state) induced
by GEN modulation of the gut microbiome might serve as a model to
explore potential biomarker to investigate T1D and other autoimmune
diseases and open the door for a therapy of T1D using probiotics.

as a Unique Window of Susceptibility of Type 1
Diabetes in Female Non-Obese Diabetic (NOD)
Mice

J. Xu, and T. L. Guo. University of Georgia, Athens, GA.
There has been a parallel increase in endocrine disrupting chemical
(EDC) exposure and incidence of type 1 diabetes (T1D), an autoimmune
disease whose development is dictated by pro-inflammatory cytokines.
Bisphenol A (BPA) is an EDC used in a variety of polycarbonate plastics and epoxy resins with widespread human exposure. The overall
hypothesis of this study is that BPA differentially affects T1D susceptibility depending on exposure window and sex. To examine the effects
of BPA on T1D, we used both adult female and male NOD mice, and
divided them into three treatment groups (control, 30 μg/kg and 300
μg/kg BW) on a standard diet (PicoLab Diet). BPA was administered
orally. Adult BPA exposure increased blood glucose levels in females
on the standard diet, with the 30 μg/kg-dose group showing significantly higher blood glucose levels and incidence of diabetes, which
was further supported by the glucose tolerance test (GTT). In contrast,
adult BPA exposed males had decreased incidence of diabetes and little
changes on blood glucose levels, although an increased glucose level
was observed at the middle-age in the 30 μg/kg-dose group. Adult BPA
exposure altered cytokine profiles with pro-inflammatory cytokines
upregulated in females and downregulated in males, which was consistent with a detrimental effect of BPA in females and protective effect
in males. Similar effects were observed in females fed the phytoestrogen-free diet following adult BPA exposure. In developmental BPA
exposure, time-mated female NOD mice on a phytoestrogen-free diet
along with their female and male offspring were exposed perinatally
(from gestation day 7 to postnatal day 28) to BPA at 300 μg/kg BW. BPA
exposed female offspring had lower glucose and a lower trend of diabetes incidence, which was further supported by the GTT. BPA exposed
male offspring also had lower glucose levels with the GTT following the
same trend. Taken together, adult BPA exposure produced a higher incidence of diabetes in females. In contrast, BPA exposure decreased T1D
development in males following adult exposure, and female and male
offspring following developmental exposure. Thus, we have identified a
unique window of susceptibility, e.g., adult exposure to BPA at a physiologically relevant dose exacerbated T1D in female NOD mice. (Supported
by NIH R21ES24487)

2991 Manganese Exposure Activates NLRP3

Inflammasome Signaling and Propagates
Exosomal Release of ASC in Microglial Cells in
Cell Culture and Animal Models

S. Sarkar1, D. Rokad1, D. Harischandra1, S. Ghaisas1, J. R. Kumar1,
E. Malovic1, V. Lawana1, H. Jin1, V. Anantharam1, X. Huang2, M.
Lewis2, A. Kanthasamy1, and A. G. Kanthasamy1. 1Iowa State
University, Ames, IA; and 2Penn State Hershey Medical Center,
Hershey, PA.
Environmental exposure to excessive manganese (Mn) has been linked
to manganism, a Parkinsonian movement disorder resulting from an
impaired extrapyramidal motor system. Sustained neuroinflammation is now recognized as a key pathophysiological process of neurodegenerative conditions, but the inflammatory signaling mechanism
underlying Mn-neurotoxicity has not been clearly elucidated. In this
study, we examined whether Mn mounts its neurotoxic effect by activating NLRP3 inflammasome signaling to prime the neuroinflammatory
pathway. Microglial cells primed with LPS followed by 100µM Mn exposure significantly increased NLRP3, caspase-1 cleavage and maturation
of IL-1β, indicating that Mn can induce the NLRP3 inflammasome activation cascade. Interestingly, other transitional metals, including zinc and
copper, did not enhance IL-1β maturation, indicating the specificity of
Mn’s effect. Mn exposure in animal models also increased NLRP3 inflammasome components, including cleaved caspase-1, IL-1β and NLRP3.
The Seahorse Mito Stress assay in Mn-treated primary microglial cells
showed reduced mitochondrial activity as evident from reductions in
ATP generation, basal respiratory rate and spare capacity. Given that
ASC, an inflammasome component, was recently shown to propagate
inflammasome activation in a “prionic” manner, we explored whether
Mn exposure induces cell-to-cell transfer of ASC to infect other cells.
Exosomes isolated from Mn-treated LPS-primed microglial cells contained higher amount of ASC, suggesting exosomal release of ASC
during Mn neurotoxicity. Furthermore, LPS-primed microglial cells
exposed to exosomes from Mn-gavaged animals released significantly
higher IL-1β in contrast to cells receiving exosomes from control animals,
further confirming a role for exosomal ASC in inflammasome propagation. Importantly, we confirmed a significantly higher ASC content in the
exosomes collected from welders when compared to control exosomes.
Collectively, these results demonstrate that Mn exposure can activate
NLRP3 inflammasome signaling and exosomal ASC release to promote
metal neurotoxicity. (NIH grants ES026892, ES019267).

2990 Effects of Cytokines and Chemokines on Neurite
Outgrowth and Toxicity in the Human LUHMES
Neuronal Cell Line

L. Matelski, A. C. Grodzki, J. A. Van de Water, and P. J. Lein.
University of California Davis, Davis, CA.
Maternal infection during pregnancy is a risk factor for neurodevelopmental disorders such as autism, and maternal immune activation
models are increasingly utilized to study these conditions. However, it
remains unclear which part of the inflammatory cascade is responsible
for interfering with normal neurodevelopment. Cytokines and chemokines have the potential to mediate these effects, as they are diffusible
immune molecules with pleiotropic functions in the nervous system.
Recently, it has been shown that mothers of children with autism and
intellectual disability have a unique gestational blood serum cytokine
profile, including elevated levels of GM-CSF, TNF-α, IL-1α, IL-1β, IL-6,
IFN-γ, IL-4, IL-10, IL-17, IL-8, CCL2, and CCL3 when compared to mothers
of children with autism without intellectual disability, mothers of typically developing children, and mothers of children with intellectual
disability without autism. To determine whether these cytokines could
affect neurodevelopment, we used high content imaging to screen
physiologically-relevant concentrations of these cytokines for effects
on cytotoxicity and neurite outgrowth in the LUHMES (Lund Human
Mesencephalic) human neuronal cell line at different time points.
Cytotoxicity was evaluated using a membrane integrity assay to detect
cellular damage and live/dead staining with Calcein AM, Hoechst 33342,
and propidium iodide following a 24 hour exposure to individual cytokines and controls. Neurite outgrowth was evaluated by quantifying
neurite length and the number of processes and branches. No major
differences in cytotoxicity or neurite growth were observed following
these exposures when compared to vehicle control. Thus, at the concentrations tested, individual cytokines do not appear to alter neuronal morphogenesis. These data do not rule out the possibility that
individual cytokines may interfere with neurodevelopmental processes
other than neurite outgrowth or that combinations of these cytokines
may alter neurite outgrowth. Further, the concentrations used herein
were based on maternal circulating levels and do not take into account
those cytokines produced locally in the fetal compartment. Supported
by the NIEHS (grant # P01 ES011269) and the US EPA (grant # R83543201).

2992 Arsenic Attenuates Lipopolysaccharide-

Stimulated Polarization in Murine Bone Marrow
Derived Macrophages: Potential Role of miR301b

S. V. Hudson, A. Anwar-Mohamed, C. E. Dolin, M. Merchant, and
G. E. Arteel. University of Louisville, Louisville, KY.
Background: Ground water arsenic is elevated in several areas of the US
above the current MCL of 10 ppb. Some studies indicate that arsenic
exposure impacts the innate immune response in experimental models
and in humans. However, whether this is a direct or indirect effect of
arsenic exposure is unclear. The purpose of the current study was to
explore the impact of arsenic exposure on the polarization of bonemarrow derived macrophages (BMDMs) as a model of this critical component of the innate immune response. Methods: Differentiated mouse
BMDMs were exposed to sodium arsenite (10-500 ppb) in the absence or
presence of lipopolysaccharide (M1) or IL-4 (M2). Polarization was determined by flow-cytometry and expression of key proinflammatory genes.
Expression of micro RNAs (miRNA) was determined via miRNA arrays
and analyzed by Ingenuity Pathway Analysis (IPA) for pathway and gene
ontology analysis. Results: Sodium arsenite, at concentrations as low as
10 ppb, significantly impaired the polarization of macrophages to M1
caused by LPS; this effect correlated with a blunting of the expression of
several proinflammatory cytokines (e.g., TNFα, iNOS and IL-1β). Sodium
arsenite had no effect on the IL-4-induced M2 expression. Analysis of
miRNA array data showed that sodium arsenite exposure altered the
basal and LPS-stimulated expression of several miRNAs in BMDMs. IPA
analysis suggested several pathways that could contribute to this phenotype and weighted the decrease in miR-301b as potentially important.
The change in expression of miR-301b-responsive genes (e.g., INHBA
and INHBB) were in-line with the expression of miR-301b. Conclusions:
Taken together, these data suggest that low concentrations of arsenic
directly impair the polarization of macrophages to a proinflammatory
(i.e., M1) phenotype. These effects correlated with altered expression of
miRs that could drive this phenotype.
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2989 Adult Bisphenol A Exposure Has Been Identified

2993 Cannabinoid Receptor 1 Blockade Alters

2995 Disentangling the Spatiotemporal Tissue

K. Miranda, P. Nagarkatti, and M. Nagarkatti. University of South
Carolina School of Medicine, Columbia, SC.

J. W. Boyd4, A. A. Han4, H. N. Currie2, J. V. Miller1, G. Scardoni3,
N. Prince4, J. A. Mouch4, and M. S. Prediger4. 1CDC/NIOSH,
Morgantown, WV; 2Frostburg State University, Frostburg, MD;
3University of Verona, Verona, Italy; and 4West Virginia University,
Morgantown, WV.

Dysbiosis in Gut Microbiota Contributing to Its
Anti-Obesity Effects

Obesity and insulin resistance (IR) are key precursors for type 2 diabetes
and cardiovascular disorders. Excessive energy intake results in elevated adiposity, IR, chronic low-grade inflammation, endocannabinoid
system hyper-activation, and gut microbial dysbiosis. Pharmacological
intervention of diet-induced obesity (DIO) using cannabinoid receptor
1 (CB1) antagonists ameliorates obesity, IR, and inflammation; however,
its effects on microbial dysbiosis are yet-to-be fully explored. CB1 is
mainly expressed in the central nervous system where it can regulate
appetite but is also expressed peripherally in adipose tissue and the
gastrointestinal tract. A healthy gut microbiome comprises of commensal flora, which aid in proper food digestion and intestinal barrier
function. Environmental factors, such as high-fat diet (HFD) and obesity,
are associated with gut dysbiosis, which can cause inflammation, gut
leakage, and increased energy harvest. In the current study, we sought
to determine if CB1 blockade alters DIO-associated dysbiosis in gut
microbiota, then if these microbial changes contribute to improvement
in obese phenotype. Six-week-old C57Bl/6 mice were fed HFD for 12
weeks then treated with the selective CB1 antagonist AM251 daily for
4 weeks. Treated mice showed significant loss of fat mass, improved
glucose homeostasis, decreased adipose tissue inflammation, and modestly increased colon length. Stool was collected at weeks 0, 2, and 4 of
treatment for 16S rDNA metagenomics sequencing. Analysis revealed
AM251 treatment increased alpha-diversity while decreasing richness
of gram-positive Firmicutes belonging to the Peptostreptococcaceae
and Lactobacillaceae families. Correlation of these data with short chain
fatty acid profile from cecal contents and colon sections interrogated for
mucin layer thickness and localization of bacteria will provide insights
into the mechanistic role of AM251 on gut microbiota in treatment of
obesity. Furthermore, corroborative fecal transplantation studies should
shed light on interplay between gut microbial alteration and obesity
phenotype. This study implies novel microbial therapies may be developed to treat obesity, IR, and related diseases, and may be used to circumvent adverse side effects of CB1 antagonist treatment. (Supported
in part by NIH grants P01AT003961, R01AT006888, R01ES019313,
R01MH094755 and P20GM103641)
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2994 Characterization of IL-6 Levels and

Endocannabinoid Metabolizing Enzyme Activity
in Mouse and Human Lymphocytes under
Conditions of Inflammation

Szafran1,

Lee1,

Hou1,

Borazjani1,

Ross1,

B.
J. H.
X.
A.
M.
K.
Andrzejewski2, and B. Kaplan1. 1Mississippi State University,
Mississippi State, MS; and 2University of Rochester, Rochester, NY.
Resolution of inflammation is a critical part of the inflammatory process,
the perturbation of which could be part of a mechanism by which compounds exhibit toxicity. Previously our laboratory demonstrated that in
response to the toll-like receptor ligand, lipopolysaccharide (LPS), IL-6
production was induced and endocannabinoid metabolizing activity
was inhibited. This pathway has the potential to increase endocannabinoid levels and serve as a possible as a negative feedback system to
reduce inflammation. We investigated this pathway in mouse splenocytes and human peripheral blood mononuclear cells (PBMCs) by evaluating the response to LPS or another TLR ligand, CpG. We hypothesized
that high levels of IL-6 would inhibit the activity of the endocannabinoid
metabolism enzymes monoacylglycerol lipase (MAGL) and carboxylesterase (CES). Human PBMCs were isolated from whole blood of healthy
donors and mouse splenocytes were harvested from naïve C57BL/6
mice. Cells were treated for 3.5 hours with LPS, CpG, CpG plus anti-IL-6
to neutralize levels of IL-6, or control. IL-6 levels were assessed using
ELISA. PBMC and splenocyte endocannabinoid hydrolysis was measured
using liquid chromatography mass-spectrometry. CpG and LPS both
induced IL-6 production from PBMCs and splenocytes that was blocked
by anti-IL-6 neutralizing antibody. Hydrolytic activity of the endocannabinoid 2-arachidonoylglycerol (2-AG) was not affected by treatment
with CpG or CpG plus anti-IL-6 in the human PBMCs, but was blocked
by LPS in mouse splenocytes. Current studies are focused on effects of
LPS in human PBMCs since the IL-6 response was higher as compared to
CpG. Together these data suggest a possible IL-6-dependent negative
feedback system to control inflammation. (Funded by MSU CVM Office of
Research and Graduate Studies)

Response to Inflammation Caused by a Physical
Stressor

Investigations of molecular and signaling responses involved in physical injuries have contributed greatly to the advancement of our knowledge regarding inflammation. Intra- and extracellular regulators, such
as cytokines, signaling proteins, and growth factors, possess significant
roles in facilitating recovery from physical injury. This study explored
30 spatiotemporal responses comprised of cytokines (IL-1α, IL-1ß,
IL-2, IL-6, TNF-α, and MIP-1α), proteins (Akt, c-Jun, CREB, ERK1/2, JNK,
MEK1, p38, p53, and p90RSK), phosphorylated proteins (p-Akt, p-c-Jun,
p-CREB, p-ERK1/2, p-GSK-3α/ß, p-HSP27, p-IκBα, p-JNK, p-MEK1, p-p38,
p-p70S6K, p-p90RSK, p-STAT2, and p-STAT3), and Caspase-3, measured
in rat skeletal muscle tissue following a traumatic fracture injury. The
dataset was examined using network centrality parameter analysis
to assess the impact of each protein response in relation to all other
co-measured molecular and signaling responses. The results from the
network analysis allowed us to determine the progression of tissue
response (from inflammation through new tissue formation), while also
identifying the proteins that appear to be regulatory within this complicated framework. Notably, severely damaged tissue showed cellular
indications of inflammation and new tissue formation by 168 h post-injury, while tissue 1-cm away from the site of injury (that experienced
minor injury) exhibited signs of new tissue formation as early as 24 h
post-injury. Extracellular hallmarks of inflammation, cytokines IL-1ß, IL-6,
and IL-2 appear to have a pronounced impact at earlier time points (0-24
h post-injury), while intracellular proteins involved in cell proliferation,
differentiation, or proteolysis (c-Jun, CREB, JNK, p38, p-c-Jun; p-MEK1,
p-p38, p-STAT3) are more significant at later times (24-168 h). Overall,
this study offers a prospective spatiotemporal depiction of the intraand extracellular signaling involved in tissue response to inflammation, and additionally demonstrates the advantages of using a network
analyis approach to extract significant information from a complex, multifaceted dataset.

2996 Mitigation of Clinical Injection Site Reaction by
Preclinical Testing of Intramuscular Route of
Administration

J. Milano, E. Jacquinet, K. Hassett, K. Benanato, L. Brito, and D.
Faulkner. Moderna Therapeutics, Cambridge, MA.
Delivery of nucleic acids as a therapeutic intervention for disease encompasses various approaches from virus mediated DNA transduction to
delivery of DNA and RNA in micellar particles such as liposomes. We
have focused on the delivery of mRNA using lipid nanoparticles (LNPs)
by parenteral routes of administration (ROAs). Of particular interest to
our ventures are the intramuscular (IM) and subcutaneous (SC) ROAs.
Unfortunately, these methods of mRNA/LNP delivery are often associated with an inflammatory injection site reaction (ISR) characterized
by a dose-limiting innate immune response leading to injection site
swelling, infiltration of neutrophils and macrophages and destruction
of surrounding tissue. ISRs in preclinical species are highly translatable
to humans and, depending upon severity, might be an unacceptable
adverse event during clinical trials. Here we compared six novel LNPs to
an ISR positive control in a single-dose in vivo rat model for ISR. These
lipids were injected IM in Sprague Dawley rats at 10 or 100μg in 100μL
and ISR as assessed by histopathology and cytokine panel. The cytokine
panel showed no correlation with the severity of ISR. However, histopathology of the skin and muscle at the site of injection showed varying
degrees of inflammatory cell infiltrate, neutrophil degeneration and
muscle fiber necrosis. These reactions were graded by blind assessment
which enabled rank ordering LNPs for ISR severity and aided the selection of an IM delivery vehicle.

Deacetylases during Ozone-Induced Lung Injury

S. G. Minchala, K. Vayas, H. Choi, J. A. Cervelli, A. Murray, J. D.
Laskin, and D. L. Laskin. Rutgers University, Piscatway, NJ.
Ozone is an urban air pollutant known to damage the lung causing alveolar epithelial barrier dysfunction, inflammation, and oxidative stress.
This is associated with an accumulation of subpopulations of activated
macrophages in the lung consisting of proinflammatory/cytotoxic M1
macrophages and anti-inflammatory/wound repair M2 macrophages,
which have been implicated in ozone-induced tissue injury and repair,
respectively. M1 and M2 macrophage activation is controlled at the
chromatin level by histone deacetylases (HDACs). In these studies,
we analyzed the role of chromatin modification in ozone-induced
lung macrophage activation and toxicity using valproic acid (VPA), a
broad spectrum HDAC inhibitor. Mice were exposed to air or ozone
(0.8 ppm, 3 h) followed by VPA (300 mg/kg/day) 30 min post-exposure.
Bronchoalveolar lavage fluid (BAL) and lung macrophages were collected
48 h post exposure. Ozone exposure resulted in increased numbers of
macrophages in the lung. Flow cytometric analysis demonstrated that
these cells consisted of CD11b+F4/80+Ly6Chi proinflammatory and
CD11b+F4/80+Ly6Clo anti-inflammatory macrophages. Treatment of
mice with VPA resulted in increased numbers of CD11b+F4/80+Ly6Chi
proinflammatory macrophages and CD11b+Ly6G+ granulocytic cells in
the lung. This was associated with an increase in BAL cell and protein
content, suggesting an exacerbation of ozone-induced inflammation
and injury in VPA treated mice. These studies suggest that HDACs play
a role in regulating macrophage phenotype and activation during the
pathogenesis of ozone-induced lung injury, which may contribute to
toxicity. (NIH ES004738, AR055073, ES005022)

2998 TNIP1 Deficiency Promotes Increased TLR
Signaling in Keratinocytes

2999 Ablation of the CD9 Receptor in Human Lung

Cancer Cells Using CRISPR/Cas Alters Migration
and Resistance to Chemotherapy

J. Martiszus, T. Lone, and D. Blake. Fort Lewis College, Durango,
CO.
CD9, a member of the tetraspanin superfamily, has been implicated in
regulating various physiological processes, including cell motility, adhesion and metastasis. High CD9 expression has been shown to be correlated to chemoresistance to cisplatin and eptoposide in lung cancer
tumors. Recently, interleukin-16 (IL-16), a pro-inflammatory cytokine
released by many types of cells found in the lungs, including normal
airway and alveolar epithelial cells has been implicated as a possible
ligand for CD9 as an alternative receptor. In this study, using A549 cells
as a model of human alveolar epithelium, CD9 expression was ablated
using CRISPR/Cas technology. Decreased expression of CD9 mRNA and
protein levels was confirmed through RT-qPCR and flow cytometry,
respectively. Individual clones were generated that expressed high
levels of CD9 (wild-type), moderate levels of CD9 (one allele ablated)
or no CD9 (both alleles ablated). A549 cell migration was quantified
using a FluoroBlok transwell chemotaxis assay. A549 cells migrated with
increasing concentrations of IL-16 and CD9 expression was essential in
this process. Moreover, the effects of two chemotherapeutics (cisplatin
and eptoposide) were quantified in A549 cells prior to chemotaxis. Our
results indicate human lung cells that express CD9 were less sensitive to
chemotherapeutic cell death, which increased their ability to migrate
in vitro, indicating CD9’s importance in resistance to these compounds.
Future studies will identify whether cigarette smoke extract (CSE) is able
to alter CD9 expression and affect cell migration in vitro.

3000 The Evaluation of Lapatinib-Induced

Hepatotoxicity Using an In Vitro Evaluation
System for HLA-DRB1*07:01

R. Shamilov1, S. Rudraiah2, and B. J. Aneskievich1. 1University of
Connecticut, Storrs, CT; and 2University of Saint Joseph, Hartford,
CT.

H. Okamoto2, M. Osabe2, M. Hirasawa1, and M. Tohkin2. 1Daiichi
Sankyo Company, Tokyo, Japan; and 2Nagoya City University,
Nagoya, Japan.

Tumor necrosis factor α induced protein 3-interacting protein 1 (TNIP1)
restricts cytoplasmic signaling by trans-membrane receptors, such as
TLRs, though downstream consequences of this signaling repression are
only partly understood. Here we define gene expression and cytokine
secretion effects due to TNIP1 regulation of TLR signaling pathways in
keratinocytes. In addition to signaling in cutaneous immune cells, TLR
activation in non-immune cells such as keratinocytes is likely to contribute to skin inflammatory diseases. Our previous microarray analysis
with HaCaT keratinocytes showed increased TNIP1 reduces transcription
of IL-6 and IκBα, key pro-inflammatory mediators downstream of TLR
activation. Additionally, global expression analysis showed immune and
inflammatory signaling pathways are significantly affected. Together,
these responses from TNIP1 excess predict its loss, as seen for some
cutaneous inflammatory pathologies, should prime cells for response
to TLR agonists. The purpose of this study was to define specific cytoplasmic targets for TNIP1 and follow these to inflammatory cytokine and
chemokine gene expression outcomes downstream of TLR signaling.
We modeled TNIP1 loss in HaCaT keratinocytes by siRNA knockdown; its
decreased expression was confirmed via qRT-PCR and western blotting.
TNIP1 loss increased basal expression of most TLRs examined, as well as
IκBα, and their associated downstream pro-inflammatory cytokines, IL-6,
IL-8 and TNFα. Compared to control cells, TNIP1-deficient HaCaT keratinocytes predominantly responded to TLR3 (poly (I:C)) and TLR2/6 (FSL-1)
agonists, as measured by IL-6 and IL-8 expression. We found the poly(I:C)
response is due mainly to exaggerated p38 phosphorylation and nuclear
translocation of transcription factor NF-κB; the FSL-1 response is due
to exaggerated JNK phosphorylation. In conclusion, TNIP1 deficiency
affects not only post-TLR signaling pathways, evidenced by increased
cytokine secretion, but also receptor expression itself, revealing multiple
levels of TNIP1 regulatory impact. Its importance in restricting signaling
downstream of TLRs suggests TNIP1 could be a key modulator in cutaneous inflammatory conditions.

Recent studies suggested a strong association between specific HLA
alleles and adverse drug reactions (ADRs), such as drug-induced liver
injury (DILI) and Stevens-Johnson syndrome (SJS). However, there were
few reports about the mechanism related to HLA class II because risk
HLA class II carriers did not show T-cell responses in vitro. Recently,
Hirasawa et al. reported lapatinib specifically enhances the binding of
peptide derived from tetanus toxoid to HLA-DRB1*07:01. In this study,
we evaluated the effects of lapatinib and the peptide derived from
tetanus toxoid on the HLA-DRB1*07:01 -mediated lymphocyte activation in vitro. For the preparation of the HLA-DRB1*07:01-specific T helper
1 (Th1) and T helper 2 (Th2) from peripheral blood mononuclear cells
(PBMCs), HLA-DRB1*07:01 expressed PBMCs were co-cultured with the
peptide derived from tetanus toxoid , lapatinib, and antigen presenting
cells (APCs) which stably expressed HLA-DRB1*07:01, CD86, and CD80.
The number of Th1/Th2 cells and cytokines (IFN-γ, IL-4, IL-5, IL-6) in
culture media were measured by flow cytometry. The mRNA levels of
t-bet and GATA-3, which are master regulator of Th1 and Th2 differentiation respectively, were measured in PBMCs which were treated with
lapatinib by RTQ-PCR. The peptide derived from tetanus toxoid specifically induced the secretion of IFN-γ under Th1 induction condition
and IL-4, IL-5, IL-6 under Th2 induction condition. Lapatinib decreased
IFN- γ and the number of Th1 cells in the presence of the tetanus toxoid
peptide. Moreover, lapatinib increased IL-4, IL-5, IL-6 and the number of
Th2 cells under Th2 induction condition in the presence of the tetanus
toxoid peptide. Lapatinib increased the mRNA expression level of
GATA-3, Th2-specific transcription factor with or without the tetanus
toxoid peptide. As these results, lapatinib induced HLA-DRB1*07:01 specific secretion of IFN-γ, but suppressed Th1 differentiation and facilitate
Th2 differentiation in the presence of the tetanus toxoid peptide. Since
acetaminophen-induced liver injury is associated with Th1/Th2 imbalance, Th1/Th2 imbalance might be involved in the mechanism of liver
injury by lapatinib.
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2997 Regulation of Macrophage Activity by Histone

3001 Opportunistic Infections Consecutive to

Immunosuppressive or Immunomodulating
Agents in Macaques

C. Sobry, F. Gervais, R. Forster, and B. Palate. CiToxLAB, Evreux
cedex, France.
Introduction: Numerous drugs currently in development for organ
transplantation, autoimmune diseases, inflammatory diseases or cancer
exert their therapeutic action through immunosuppressive or immunomodulating properties. The non-human primate (NHP) is often the
non-rodent species of choice for preclinical studies with these drugs.
Objective: In this presentation we illustrate selected pathology related
to opportunistic infections in macaques treated with compounds
belonging to diverse classes of small and large molecules and targeting
different pathways of immune activation. Experimental design: These
findings are drawn from 6 studies (subacute or chronic duration) with
4 distinct compounds, involving a total of 106 cynomolgus monkeys.
In addition to routine evaluation with hematoxylin-eosin staining,
immunohistochemistry, in situ hybridization and/or PCR were used to
characterize some causative viral pathogens. Methods: A retrospective
evaluation of histopathological results and a short literature review were
performed, and findings are illustrated by microphotographs of representative lesions. Results: Systemic cytomegalovirus infections were
observed with a high incidence after one month and 13 weeks in two
studies with one immunosuppressive drug. Four lymphomas related
to lymphocryptovirus infections were found after at least 10 weeks of
treatment in 2 studies with one immunosuppressive or one immunomodulating agent. Five cases of septicemia occurred from the fourth
week of treatment in 2 studies with 2 distinct immunosuppressive
drugs. Gastrointestinal opportunistic infections were seen in all studies.
Conclusion: Lesions induced in NHP by common opportunistic agents
including latent viruses may confound the interpretation of studies with
immunosuppressive/immunomodulating drugs. Opportunistic infections in monkeys are also indicative of the risk of infections in humans
treated with those drugs.

3003 Global Assessment of Effects of Acute Ethanol
Exposure on Gene Expression Induced by
Escherichia coli in a Mouse Model for Sepsis

S. B. Pruett3, B. Nanduri3, x. Deng2, and R. Fan1. 1Lousiana State
University, Shreveport, LA; 2Medtronics Corp., Jacksonville, FL; and
3Mississippi State University, Mississippi State, MS.
We previously reported at this meeting a preliminary characterization
of an Affymetrix microarray transcriptomics study of changes in gene
expression over time in peritoneal cells of mice with sepsis mediated
by Escherichia coli. Ethanol (EtOH) (6g/kg by gavage 30 min before E.
coli challenge) significantly altered expression of several sets of genes
at 1, 2, and 18 hr after E. coli challenge. We report here a much more
comprehensive analysis of these data. EtOH altered expression of many
pathways at very high levels of statistical significance. At 2 hr several
pathways were affected by EtOH with a p value of 0.000001 or less were:
Neuregulin Signaling, Regulation of eIF4 and p70S6K Signaling,, VEGF
Signaling, Phospholipase C Signaling, Role of NFAT in Regulation of
the Immune Response, JAK/Stat Signaling, GM-CSF Signaling, Insulin
Receptor Signaling, PI3K/AKT Signaling, EIF2 Signaling, and Acute
Phase Response Signaling. In most cases, the expression of these pathways was decreased by EtOH. The list of pathways most significantly
altered by EtOH 18 hr after challenge, a time at which most control
mice have recovered from infection is quite different than the pathways
most affected at 2 hr: VEGF Signaling, Huntington’s Disease Signaling,
Regulation of eIF4 and p70S6K Signaling, EIF2 Signaling, Bladder Cancer
Signaling, CDC42 Signaling, Non-Small Cell Lung Cancer Signaling,
O-Glycan Biosynthesis, ILK Signaling, and Actin Cytoskeleton Signaling.
In general, these genes are associated with resolution of inflammation. Immune and inflammation related genes were most affectted 2
hr after challenge, and some of the profound decreases in expression
of genes involved in direct microbicidal activities (e.g., granzyme B and
Nitric oxide synthase 2). A complete picture is emerging, but follow- up
studies to evaluate the mechanisms by which previously unknown alterations (such as changes in cell division and protein synthesis) mediate
effects of EtOH on resistance to infection. (Support was provided by NIH
through grants R01AA009505 and P20GM103646).

3002 Testing Mitochondrial Dysfunction as a

Hypothesis for Idiosyncratic Drug-Induced Liver
Injury
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T. E. Cho, and J. Uetrecht. University of Toronto, Toronto, ON,
Canada.
Idiosyncratic drug-induced liver injury (IDILI) and other idiosyncratic
drug reactions are specific to an individual and significantly increase
the risk of drug development because they are not detected in preclinical tests. The mechanism of IDILI is not well understood, but most
reactions appear to be immune-mediated. However, there are other
hypotheses that have been proposed such as mitochondrial dysfunction and bile salt export pump inhibition. Even if IDILI is immune mediated, injury mediated by such mechanisms could supply a danger signal
required to induce an immune response. Isoniazid (INH) is associated
with a relatively high risk of IDILI. Previous in vitro studies have shown
that treatment of mouse hepatocytes with INH was not cytotoxic, but
combined with rotenone, which inhibits complex I of the mitochondrial
electron transport chain, it did cause hepatocyte death. This is consistent with the hypothesis that mitochondrial injury is important in the
mechanism of IDILI, at least for INH. However, the in vitro cell death was
acute, and IDILI is delayed in onset. Furthermore, in vitro assays with
high drug concentrations are prone to artifacts. We tested whether
the combination of INH and rotenone would cause liver injury in vivo
in wildtype C57BL/6 female mice or in our IDILI model with impaired
immune tolerance utilizing Pd-1-/- mice treated with anti-CTLA-4. The
mice were given either rotenone only (0.2mg/mL drinking water; 50 mg/
kg/day), INH only (0.2%), or a co-treatment with both rotenone and INH.
All groups were treated for 8 weeks and liver injury monitored weekly
with serum GLDH levels. No liver injury was observed with the combination of INH and rotenone in wildtype mice. In the impaired immune
tolerance model, there was a trend to greater liver injury with the combination of INH and rotenone compared with INH alone, but it was not
statistically significant. Future work will study higher doses of rotenone
and other agents that affect mitochondrial function such as metformin.
Our impaired immune tolerance model allows us to test hypotheses that
were not previously possible. This research was supported by grants from
the Canadian Institutes of Health Research (CIHR).

3004 Distinguishing the Potential of Chemically

Similar Drugs to Cause IDILI in an Impaired
Immune Tolerance Model

A. Mak, and J. Uetrecht. University of Toronto, Toronto, ON,
Canada.
We have shown that impairing immune tolerance is able to unmask
idiosyncratic drug induced liver injury (IDILI) potential of several drugs
that cause IDILI in humans. Specifically, PD1-/- mice treated with antiCTLA-4 and amodiaquine, isoniazid or nevirapine developed significantly greater injury than with the drug alone. However, to be useful
as a predictive tool there should not be false positives, i.e. liver injury
should not develop in this animal model with drugs that do not cause
IDILI in humans. Therefore, pairs of drugs with similar structures were
tested, one of which is associated with a relatively high risk of IDILI and
the other not. One such pair is troglitazone and pioglitazone, which are
similar thiazolidinedione drugs used to treat diabetes. Troglitazone was
withdrawn from the market because of several fatal cases of IDILI while
pioglitazone appears to be quite safe. Another pair is tolcapone and
entacapone, both of which are nitrocatechols used to treat Parkinson’s
disease. Similar to the previous pair, tolcapone is associated with a relatively high risk of IDILI; in contrast, although entacapone has been
reported to cause liver injury in some cases, it is relatively safe. Neither
troglitazone nor tolcapone caused liver injury in preclinical testing, and
therefore this demonstrates a need for better tools to detect IDILI risk.
PD1-/- mice treated with anti-CTLA-4 and troglitazone displayed significantly increased liver injury as determined by ALT levels and histology,
while pioglitazone treated mice did not. Similarly PD1-/- mice treated
with anti-CTLA-4 and tolcapone displayed significantly increased liver
injury as determined by ALT and histology. Entacapone also displayed a
small increase in liver injury as determined by ALT but not by histology.
Overall, these results are consistent with an immune mechanism for
troglitazone- and tolcapone-induced IDILI. In addition, these results
suggest that this impaired immune tolerance model has potential as a
screening tool for prediction of IDILI risk in drug candidates. This research
was supported by grants from the Canadian Institutes of Health Research.

Regulates Macrophage Polarization Processes
While Also Mediating PAH Toxicity

3007 Assessment of Local PK and Tolerability of

Nusinersen following Repeated Intrathecal (IT)
Administration in Monkeys for 12 Months

A. Almeldin2,1,, C. M. Rondelli2, M. C. Larsen2, N. Sheibani2, and
C. R. Jefcoate2. 1Tanta Faculty of Medicine, Tanta, Egypt; and
2University of Wisconsin-Madison, Madison, WI.

S. Henry3, R. Fey3, R. Fey3, S. Korte2, J. Engelhardt3, F. Bennet3,
and K. Loveday1. 1Biogen, Cambridge, MA; 2Covance, Munster,
Germany; and 3Ionis Pharmaceuticals, Carlsbad, CA.

Cyp1b1 has minimal expression in hepatocytes but is robustly expressed
in endothelia, pericytes and mesenchymal progenitors of bone marrow
(BM). Cyp1b1 mediates suppression of BM lymphoid, myeloid and erythroid progenitors by DMBA within 6h. This effect of PAH reactive metabolites is measured by loss of colony forming activity for each lineage. This
shared response suggests a direct impact on hemopoietic stem cells. We
have also assessed the effects of Cyp1b1 deletion in mice with respect to
changes in gene expression in BM and liver. These gene expression profiles show that Cyp1b1 suppresses expression of several cytokines in the
BM while increasing the presence of inflammatory markers in the liver,
particularly after ad libitum carbohydrate consumption. Also, Cyp1b1
suppression of oxidative stress in vascular cells may contribute to these
BM and liver changes. In order to resolve multiple effects of Cyp1b1 on
inflammatory processes, we have generated an ex vivo model that can
probe either PAH effects in cells after isolation or the consequences of
equivalent changes produced in the animal prior to cell isolation. The
loss of progenitor proliferation is quantified ex vivo by reconstituting
BM collagenase digests with a support layer of OP9 mesenchymal cells.
These OP9 cells also express Cyp1b1. OP9 enriched media also sustains
progenitor CFU activities particularly when supplemented with specific
factors such as mCSF. CFU activities are suppressed by DMBA via Cyp1b1
metabolism in the OP9 cells. By contrast, Cyp1b1 in BM cells appears to
protect the progenitor cells possibly through local support cells. Isolated
BM cells are also incubated with mCSF for 6 days to enrich monocytes.
This population is then further stimulated for 6-24 h by various agents
that effect polarization to M1 (IFNγ, LPS) or M2 states (IL-4, IL-10) which
are assessed by flow cytometry and specific gene expression by qPCR.
These polarization time courses have been examined using BM cells of
different genotypes (Cyp1b1 -/-, Cyp1a1-/- and DKO). Initial studies have
identified specific changes caused by Cyp1b1 but not by Cyp1a1. We are
now probing low dose PAH effects in terms of GM-CFU activity and this
monocyte polarization profiling.

Spinal muscular atrophy (SMA) is a rare neuromuscular disease caused
by the disruption of the survival motor neuron gene (SMN1). SMN2,
a nearly identical copy of the SMN1 gene, exists but is not functional
due to a splicing defect that skips exon 7, resulting in a truncated SMN
protein. Nusinersen is a fully 2’-O-methoxyethyl modified phosphorothioate antisense oligonucleotide designed to bind the pre-mRNA for
SMN2 and facilitate exon 7 inclusion to restore full-length and functional
SMN protein. The toxicology program relied on monkey in order to
achieve appropriate drug exposure after repeated IT injection to guide
dosing and safety assessment in humans. The study was conducted in
juvenile monkeys (n=5 to 7/sex/group) to support the pediatric indication. Doses of 0.3, 1, and 4 mg were administered by IT injection weekly
for the first 5 weeks, followed by every 6 weeks thereafter for 1 year (13
IT doses). Doses were scaled to humans based on a 10-fold difference
in CSF volume between the species. This study included morphologic
assessment (including Fluoro jade B staining) of multiple regions of the
spinal cord and brain, and assessments of learning and memory of juvenile monkeys, bone length and density, and immunological measures.
There were no changes in body weight, clinical pathology or systemic
tissue histopathology associated with nusinersen treatment, consistent
with very low systemic drug levels. The only behavioral change was
a transient reduced grip and patellar reflex following IT injection, primarily at the 4 mg/dose level that returned to normal by 48 hr. There
were no other changes in neurobehavior, learning parameters, CSF
chemistry or cell count, bone growth, or TDAR. Dose-dependent drug
concentrations in CSF, and distribution to the spinal cord, cortex, cerebellum and hippocampus were documented. The histologic changes
were nondegenerative cytoplasmic vacuolation of neurons related to
high drug concentrations in a focal region of the inferior hippocampus
at 1 and 4 mg dose levels. The appearance of vacuoles was greater in
immersion fixed tissues compared to those perfused with paraformaldehyde, suggesting an influence of fixation on cells with high ASO concentrations. As there were no signs of neuronal degeneration, vacuoles
were not considered an adverse effect. Thus, the NOAEL of this 53-week
study was the highest dose, 4 mg/dose.

3006 Overview of the Nonclinical Program to Support
Use of Nusinersen in Treating Patients with
Spinal Muscular Atrophy

S. Henry2, J. Engelhardt2, F. Rigo2, R. Fey2, D. Norris2, F.
Bennett2, and K. Loveday1. 1Biogen, Cambridge, MA; and 2Ionis
Pharmaceuticals, Carlsbad, CA.
Nusinersen has been evaluated in a nonclinical program to support
treatment of spinal muscular atrophy (SMA) using lumbar intrathecal
(IT) administration. SMA is an autosomal recessive neuromuscular
disease that primarily affects infants and children and is characterized
by degeneration of the motor neurons in the spinal cord. Deletions in
the survival motor neuron gene (SMN1) result in loss of SMN protein
and eventually death of motor neurons. A duplicate gene, SMN2, is not
functional due to a splicing defect that skips exon 7 and results in truncated SMN protein. Nusinersen is a fully 2’-O-methoxyethyl modified
phosphorothioate antisense oligonucleotide designed to bind to SMN2
pre-mRNA and facilitate inclusion of exon 7, resulting in full-length SMN
protein. PK studies established the minimum tissue concentration that
increased exon 7 in mRNA in transgenic mice (2 to 10 µg/g), and the
half-life in monkey CNS tissue (~150 days). Toxicology studies included
a single-dose IT study in cynomolgus monkeys, 14-week and 53-week
repeat-dose IT toxicity studies in juvenile monkeys, 13-week SC study in
juvenile CD-1 mice, and SC reproductive studies in CD-1 mice and NZW
rabbits. Results from genetic toxicology studies (Ames, chromosomal
aberration, micronucleus) were negative. The monkey was chosen for
repeat-dose IT toxicology studies because: 1) the monkey is most representative of humans with regard to ASO tissue distribution, cellular
uptake, metabolism, and class effects (e.g., proinflammatory effects),
2) the neuroanatomy of monkeys is closer to humans, which provided
data to model drug distribution in humans following repeated IT dosing.
In the 53-week study in monkeys, a loading and maintenance dose
regimen was used to maximize CSF and CNS tissue exposure. Animals
received 5 weekly IT doses at 0.3, 1 and 4 mg/dose followed by dosing
every 6 weeks (total of 13 IT doses). The study NOAEL was the high dose,
4 mg/dose. Infants in clinical studies received 4 loading doses followed
by maintenance doses once every 4 months. Safety margins were based
on the approximate 10-fold difference in CSF volume between monkeys
and humans and the total cumulative yearly dose. Thus, the NOAEL dose
of 4 mg (administered 13 times in a year) converts to a total human
equivalent dose of 520 mg/year, and provides a safety margin of 14-fold
compared to the chronic yearly maintenance dose of 36 mg/year in
patients.

3008 The Effects of 2,3,7,8-tetrachlorodibenzo-

p-dioxin (TCDD) on Bile Acid Biosynthesis,
Enterohepatic Circulation, and Metabolism in
C57BL/6 Mice

T. R. Zacharewski, R. Nault, and K. A. Fader. Michigan State
University, East Lansing, MI.
This study investigates the dose-dependent effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on bile acid biosynthesis, metabolism, and
homeostasis in male C57BL/6 mice orally gavaged every 4 days for 28
days. Gross examination identified a 2.5-fold increase in gallbladder
volume at 30 µg/kg TCDD, while histopathological assessment of the
liver revealed lipid accumulation, immune cell infiltration, and bile duct
proliferation. Untargeted high-resolution accurate mass liquid chromatography mass spectrometry (LC-MS) analysis detected a 4.6-fold
increase in total hepatic bile acids at 30 µg/kg TCDD, despite the coordinated repression of genes involved in cholesterol and primary bile
acid biosynthesis including cytochrome P450 7A1 (Cyp7a1). Specifically,
TCDD elicited a 234-fold increase in hepatic levels of taurolithocholic
acid, which is the most potent endogenous agonist of G protein-coupled
bile acid receptor 1 (GPBAR1) and has been reported to trigger bile duct
proliferation. TCDD also increased hepatic levels of tauro-α-muricholic
acid, which competitively antagonizes the farnesoid X receptor (FXR)
signaling pathway, consistent with repression of FXR target genes such
as the bile salt export pump (Abcb11). In contrast, TCDD decreased total
fecal bile acids 2.8-fold suggesting increased intestinal reabsorption and
enhanced enterohepatic circulation consistent with the induction of
ileal bile acid transporters (Slc10a2, Slc51a) and increases in whole gut
transit time and intestinal permeability. Moreover, total serum bile acids
were increased 45.4-fold at 30 µg/kg TCDD. Accordingly, blood-to-hepatocyte transporters (Slco1a1, Slc10a1, Slco2b1, Slco1b2, Slco1a4) were
repressed by TCDD, while hepatocyte-to-blood transporters (Abcc4,
Abcc3) were induced. Collectively, these results suggest that bile acid
accumulation and metabolism to hepatotoxic derivatives contribute to
TCDD-elicited hepatotoxicity. Funded by Superfund Research Program
P42ES04911 (TRZ), Integrative Training in the Pharmacological Sciences
Award 5T32GM092715 (RN), and Canadian Institutes of Health Research
Doctoral Foreign Study Award DFS-140386 (KAF).
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3005 Cyp1b1 Sustains Hematopoietic Progenitors and

3009 The Dynamics of Nrf2 Pathway Activation during
Repeated Xenobiotic Exposure

L. J. Bischoff1, I. A. Kuijper1, D. Noort2, J. P. Langenberg2, J. B.
Beltman1, and B. van de Water1. 1Leiden University, Leiden,
Netherlands; and 2TNO, Rijswijk, Netherlands.
The Nrf2 pathway is a dynamic pathway involved in the cellular protection against oxidative stress. Little is known on the control of the Nrf2
pathway during repeated chemical exposure in the context of adaptation and/or priming of the pathway. We have established HepG2-GFP
reporter cells for different components of the Nrf2 pathway, including
Nuclear factor (erythroid-derived 2)-like 2 (Nrf2) and its downstream
target Sulfiredoxin 1 (Srxn1) protein, allowing the assessment of the
dynamics of the Nrf2 signaling at the single cell level using quantitative live cell imaging. We systematically determined the dynamics of
the Nrf2 pathway activation during repeated exposure. We used both
reporter cells for two different exposure scenarios with two different
prototypical pro-oxidants and inducers of the Nrf2 pathway: diethyl
maleate (DEM) and tert-butylhydroquinone (tBHQ). For the first scenario
reporters were exposure to a broad concentration range of DEM or tBHQ
for 8 hr, followed by a second exposure after 8 hr with the same concentration at all initial different concentrations. For the second scenario
24 hr time intervals were used. Our results demonstrate that cells previously exposed to DEM exhibit an altered response pattern compared to
‘naive’ cells. Whereas the transcription factor Nrf2 shows only a marginal
elevation of its response compared to the first exposure, the expression
of its downstream target Srxn1 is much more elevated. Thus, a moderate increase in nuclear localization of the transcription factor has a
large effect on the downstream target in the Nrf2 pathway. Moreover,
our findings could imply that a ‘memory’ mechanism is in place within
the Nrf2 pathway in which cells previously exposed to xenobiotics are
poised to protect themselves more fiercely against similar future exposures. These results have implications on the comprehension and translation of stress response activation for chemical safety assessment.

3011 Effects of Cholestatic Drugs on Bile Acid Profiles
and Disposition in Human HepaRG Cells

A. Sharanek2, A. Burban2, L. Humbert1, D. Rainteau1, and A.
Guillouzo2. 1Faculté de Médecine Pierre et Marie Curie, Site Saint
Antoine, Paris, France; and 2INSERM U991 Rennes 1 University,
Rennes, France. Sponsor: M. Pallardy.
Intrahepatic cholestasis is characterized by intracellular accumulation
of bile acids (BAs); it represents around 40% of drug-induced injuries
and its accurate prediction remains challenging. In the present study,
we aimed to analyze effects on BA profiles and disposition induced by
drugs known to cause cholestasis in some patients and previously found
to induce in vitro alterations of bile canaliculi (BC) dynamics associated
with impairment of the Rho/Myosin light chain kinases (ROCK/MLCK)
signaling pathway (Sharanek , Burban et al., Sci. Rep. 2016). HepaRG
cells that produce and secrete conjugated BAs at levels comparable to
those found in primary human hepatocyte cultures were treated with 6
drugs, i.e. chlorpromazine, cyclosporine A, troglitazone, tolcapone, tacrolimus and trovafloxacin at different time-points from 4h to 6 days,
in the presence or absence of exogenous BAs, at normal and cholestatic serum levels. During the first 24h, only cyclosporine A and chlorpromazine induced intracellular accumulation of BAs. However, after
6 repeated daily additions, and in the presence of exogenous BAs, the
tested drugs showed a variable potency to accumulate BAs. Different
total BAs content and profiles in either supernatants or cell layers were
obtained with each drug. In conclusion, our results show that in addition
to their effects on BC dynamics and the ROCK/MLCK signaling pathway,
cholestatic drugs can cause BAs accumulation in HepaRG cells, thereby
mimicking drug-induced in vivo liver cholestasis. They also suggest
that these cells represent a suitable in vitro cell model to evaluate and
predict cholestatic properties of new drugs. (Financial support: European
Community, Contract MIP-DILI-115336)

3012 Effects of Methoxyethyl (2’-MOE) Antisense
3010 Liver and Splenic Clearance of Platelets

following Treatment of Cynomolgus Monkeys
with ISIS 104838 is Accompanied by Innate
Immune Activation
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P.
L.
B.
J. P.
M.
C.
Hoffmaster4, S. Burel4, and S. Henry4. 1BioLaurus, Inc., Carlsbad,
CA; 2Blood Center of Wisconsin, Milwaukee, WI; 3Cellarcus
Technologies, La Jolla, CA; and 4Ionis Pharmaceuticals, Carlsbad,
CA.
ISIS 104838 is representative of a subset of 2’-O-methoxyethyl (2’-MOE)
modified ASO that cause moderate dose-dependent decreases in platelets (PLT) in nonhuman primates (NHPs). Bone marrow toxicity, splenomegaly, direct ASO-mediated complement activation, and thrombosis
have been excluded as mechanisms contributing to this PLT decrease.
In a recent investigative study, five NHPs were treated with 60 mg/kg/
wk ISIS 104838 by subcutaneous administration for 2 weeks followed
by a maintenance dose of 30 mg/kg weekly to produce moderate PLT
reductions. Before treatment and after 8 weeks of treatment, NHPs
were injected with 111In-oxine-labeled PLTs to study platelet clearance.
Additionally, serum total immunoglobulins (Ig), cytokines, chemokines,
inflammatory mediators (e.g. von Willebrand Factor (vWF)), growth
factors (e.g., thrombopoietin (TPO)), and anti-PLT or anti-platelet factor
4 antibodies were also measured. Animals had a moderate reduction
(~50%) in PLT levels on Day 30 from their pre-dose values of approximately 396 to 551 K/µL. A mild to moderate increase (25-45% of total
cumulative counts) in PLT sequestration in liver and spleen was evident
for animals with moderate PLT reductions. Concomitant increases in
total serum IgM (2- to 4.5-fold increase) relative to baseline values, was
maintained with continued dosing. This was associated with increases
in anti-PF4 IgM and anti-PLT IgM antibodies (~2 -to 5-fold-increase
compared to baseline) and was seen in all cynos except one animal,
which had a high baseline level of anti-PF4 IgM. This effect was consistent across cynos and followed a mirror image of PLT reduction. There
was no increase in HIT-causing anti-PF4 IgG antibodies. Amongst the
many cytokines, chemokines and inflammatory mediators evaluated,
only MCP-1 showed an increase which occurred in all cynos, and is a
consistent feature of innate immune cell activation by non-CpG MOE
ASO (Younis, Vickers et al. 2006). Although more investigation is needed,
these results suggest that increases in anti-PLT IgM and/or anti-PF4 IgM,
secondary to immune cell activation, could lead to an increased rate of
PLT sequestration in NHPs.

Oligonucleotides (ASO) on Platelet Counts in
Monkeys: A Case Study of Preclinical to Clinical
Translation

L. Shen, S. Burel, P. Narayanan, L. Watts, S. Bhanot, and S. Henry.
Ionis Pharmaceuticals, Carlsbad, CA.
Platelet (PLT) counts in monkeys treated with 2’MOE ASO typically
remain within the normal range. However, decreases in PLT counts
have been observed in monkey studies. Queries from monkey safety
database representing over 135 independent 2’MOE ASOs and >2200
monkeys, indicates there are two phenotypes of PLT changes: The first
is a consistent and gradual decrease group mean values, observed in
about 30% of the compounds , in which PLT count typically remains
≥150K/µL, and is reproducible between studies. The second is a more
sporadic decrease in PLTs (2 - 4% incidence at doses >5 mg/kg), which
can be severe (i.e., PLT <50 K/μL). Both phenotypes are dose-dependent. The human relevance of ASO-induced PLT change in monkeys
was investigated using ISIS 404173, a 2’MOE ASO targeting human
PTP-1B mRNA. In a chronic monkey study at doses up to 20 mg/kg/wk
for 26 weeks, a gradual mild to moderate decrease in group mean PLT
count was observed at ≥10 mg/kg/wk, which plateaued by 13 weeks
and was maintained at those levels through 26 weeks of treatment.
In most animals, PLT counts remained above that required for normal
hemostasis, and reversed to prestudy levels during the recovery period.
However, PLT counts decreased <50 K/μL in selected animals at 10 (1/16)
and 20 (3/16) mg/kg/wk after at least 8 weeks of treatment. Reversibility
of PLT counts was also noted in those animals after dosing cessation,
but PLT levels decreased again after re-initiation of treatment. In a double-blind, placebo-controlled Phase 2 trial, 62 patients were treated
with 200 mg ISIS 404173 weekly (~3.3 mg/kg/wk) for 26 weeks. There
was an increased incidence of >30% decrease in PLT count in patients
treated with 200 mg but no incidence of PLT <75 K/μL. Similarly, a query
of the human integrated safety database of completed clinical studies
composed of 2600 patients and 16 2’-MOE ASOs showed no confirmed
incidence of PLT <50 K/μL, and a 0.3% incidence of PLT between 50 and
100 K/μL. Based on these data, we believe that while the consistent,
gradual self-limiting PLT reduction seen in monkey is generally translatable to humans, monkeys appear to over predict the sporadic severe PLT
change in humans. These data provide context to the recent reports of
severe thrombocytopenia reported in two ongoing 2’-MOE ASO clinical
trials. More data will be needed to clearly understand the relevance for
specific sequences or patient populations.

3013 Evaluation of a 90-Day Sub-Chronic Toxicity
Study on Beta-Caryophyllene

A. Patel2, M. Bastaki1, S. Y. Tsang2, S. Taylor1, and A. M. Api2.
1International Organization of the Flavor Industry, Washington
DC, DC; and 2Research Institute for Fragrance Materials, Woodcliff
Lake, NJ.
An enhanced OECD 408 dietary 90-day toxicity study was conducted
on test material, β-Caryophyllene, a widely used flavor and fragrance
ingredient. Male rats were fed diets containing 0, 3500, 7000, or 21,000
ppm and female rats were fed diets containing 0, 3500, 14,000, or 56,000
ppm of β-Caryophyllene. The estrous cycling and sperm analyses were
also conducted. There was a significant reduction in body weight,
body weight gain and food consumption among high dose group
animals, attributed to a decrease in palatability of test material. There
were no alterations in clinical chemistry and hematological parameters
attributed to test material administration. There was an increase in relative kidney weights among high dose group males. An increase in relative liver weights and in the incidence of centrilobular hypertrophy
without any pathological changes were reported among animals in
the mid- and high-dose groups and were considered to be adaptive
responses. Microscopic findings included a dose-dependent increase
in the incidence and severity of α-2µ-globulin related renal tubule
nephropathy among treated males, which is considered a male rat-specific effect not relevant to humans. There were no test material-related
effects involving the testes, epididymides and accessory sex glands
among treated males. Similarly, there were no test material-related
effects involving the female reproductive tract in animals administered
β-Caryophyllene. Thus the NOAEL for males and females was determined to be 7,000 and 14,000 ppm respectively based on decreased
body weight, body weight gain and food consumption among high
dose group animals.

3015 Exploring Careers in Toxicology through an

Interactive Summer Program for High School
Students

J. D. Schumacher, J. Szilagyi, A. Gow, G. Guo, D. Laskin, and L.
Aleksunes. Rutgers University, Piscataway, NJ.
Introducing students early in their education to the fields of toxicology
and environmental health sciences is critical to developing the next
generation of talented and dedicated scientists. Towards this effort,
the Toxicology, Health and Environmental Disease (THED) program was
developed to engage high school students interested in pursuing scientific careers in toxicology. A critical goal of THED is to provide the basic
concepts and skills of designing and conducting a toxicology study:
study design, dose-response relationships, necropsy, pharmacokinetics,
histopathology, molecular biology and immunohistochemistry. This was
accomplished with hands-on, team-based laboratory experiments and
lectures from graduate students and postdoctoral fellows in the Joint
Graduate Program in Toxicology at Rutgers University. In addition, participants met with speakers with diverse career paths in medicine, pharmacy, government, pharmaceutical industry, and academia, to receive
guidance in career development. The THED program was assessed
through pre- and post-surveys of students and final evaluations by
parents. According to student pre-surveys, the primary goal for students
attending the THED program was to gain hands-on research experience
and to further explore interests in science. Over the one-week program,
students largely achieved this goal as students’ self-reported familiarity
with numerous essential lab-based skills increased. In line with the goal
of THED to expose students to various careers in toxicology, the parent
surveys revealed that the greatest benefit offered to their children was
significant exposure to different scientific careers. In conclusion, a oneweek interactive, laboratory-based, educational program contributes
to the training pipeline in toxicology by advancing the research skills of
high school students and exposing them to career paths in toxicology.
(Supported by NIEHS T32ES007148, P30ES005022, and U54AR055073)

3014 NorCal SOT Continues to Support Student

D. Zane1, and T. Parman2. 1Intarcia Therapeutics, Hayward, CA;
and 2SRI, Menlo Park, CA.
Education outreach at every level is an important component in
increasing the visibility and perceived importance of toxicology.
Scientific experiments in elementary, high school, undergraduate and
beyond, have been limited due to restricted funding and time. This has
led to a concern that there will be a decreased interest in science at a
young age, which may translate into a reduction in students entering
scientific fields. The Northern California Society of Toxicology (NorCal
SOT) has been a vital resource in facilitating student outreach activities
at all these levels. This abstract will highlight and share its experience
in planning and executing successful K-5, high school, undergraduate,
graduate and postdoctoral outreach activities supported by NorCal
SOT over the past several years with practical tips, lessons learned and
ideas for future outreach. Past outreach activities includes K-5 hands-on
demonstrations and experiments (where students were introduced to
Paracelsus, concept of “the dose makes the poison”), Annual Girl Scout
Science Day Events (where girls performed simple hands-on experiments which were organized in modules covering concepts such as
concentrations and dilutions, pH and environment, ADME; organized
and implemented by undergraduate and graduate students) and
high school Toxicology Exploration and Presentation Program aimed
at training the student to conduct experiments that can address an
important toxicological question (where students will have an opportunity to present their work as a poster at NorCal SOT symposiums). This
abstract will also provide insights supportive to those new to educational outreach. Promoting and enabling educational outreach activities
has the added potential of greater undergraduate, graduate and postdoctoral engagement and therefore increased opportunities for skill
development and instructional background for those considering an
academic career. NorCal SOT’s goal for education outreach ties directly
into the SOT strategic plan of encouraging the recognition of toxicology
and communicating the value of toxicology to external audiences,
which is key to preserving the discipline of toxicology and the pipeline
of future toxicologists.

3016 MASOT Education and Outreach Committee

Partners with Women in Science and GOALS
for Girls to Bring Toxicology Concepts to High
School Students

D. Hardej, A. Dhaneshwar, and B. Kistinger. St. John’s University,
Queens, NY.
On August 5th, 2016, the MASOT Education and Outreach Committee
partnered with Women in Science Association (WIS) from St. John’s
University and the GOALS for Girls Program from the Intrepid Sea, Air
and Space Museum to conduct a pharmacology/toxicology program
for 45 rising 9th and 10th grade girls in the GOALS (Greater Opportunity
for Advancement and Leadership in Science) program. The experiment
used for the two 1-hour sessions, called “Toxicants and California Black
Worms”, was available online from the Center for Chemical Education
at Miami University and through the University of Arizona Southwest
Environmental Health Sciences Center Community Outreach and
Education Program (http://coep.pharmacy.arizona.edu/curriculum/
blackworms/pdf/orig_bwrm.pdf ) and was modified for the August 5th
event. The experiment involved exposing black worms, Lumbriculus
variegatus, to various concentrations of nicotine, caffeine, and alcohol
and then observing changes in black worm activity when compared
to untreated worms over a 10 minute period. Participants worked in
groups of 4-5 and were supervised by MASOT Education Committee
members and WIS scholars to perform the experiment. The girls were
introduced to the concept of the dose-response and were given information on the stimulants (caffeine and nicotine), and the depressant
(alcohol), before carrying out the experiment. Participants engaged in
all phases of the experiment as they distributed the worms and applied
various concentrations of the agents. After the 10 minute observation
period, the agents were removed and replaced with fresh water to
observe if the toxicant effects were reversible. The students recorded
their results and graphed their data after the session. Skills that were
learned during these sessions included: proper handling of scientific
specimens, accurate application of test agents, observation and estimation of activity of live specimens, recording results, and graphing data.
The participants observed increased activity of worms with common
human stimulants (caffeine and nicotine) and depression of activity with
alcohol that was both dose- and time-related. They also observed toxicity at high concentrations of these agents and whether reversibility of
toxicity was achieved upon agent removal.
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Outreach from Kindergarteners to PostDoctorates

3017 BIOSTART: Biomedical Research Intensive

Internship and Education Experience for High
School Students

K. McMartin, M. Carroll-Turpin, and T. Martinez. Louisiana State
University Health Sciences Center - Shreveport, Shreveport, LA.
Enhancing student interest in biomedical science careers, particularly in
the traditionally under-served population (minority, rural or first-generation-college bound), is a key goal of current STEM programs. LSU
Health Sciences Center in Shreveport (LSUHSC-S) is a research-intensive biomedical science center in northwest Louisiana which has
a large under-served population. A collaborative effort among the
Caddo Parish School Board, LSUHSC-S and the Biomedical Research
Foundation has created a program to stimulate biomedical science
interest in such students. This program, the BioTechnology Academy,
has a large rural, minority and first-generation-college population and
features a four year biomedical intensive curriculum for the select population (~20 - 40 students per year). In the fall semester of the 4th year,
Academy students spend half of the school day for 18 wk participating
in a research internship program (BioStart), in which they work in the
laboratory of a designated LSUHSC-S faculty mentor on a biomedical
research project, including toxicology as a major discipline. BioStart students also receive instruction and training in laboratory and radiation
safety, animal handling, ethics, career enrichment, and scientific poster
preparation. Students also participate in outreach activities at the local
science museum to inform middle school students about science activities. External evaluation has shown that BioStart participants, when
compared to students at two control high schools with similar socioeconomic status, have a higher % college enrollment (100 vs 80), are more
often to major in science in college (100 vs 35%), and are more oriented
towards a life science career (50 vs 15%). BioStart students also show an
enhanced understanding of the five elements of the scientific process.
This research intensive program for high school students appears to
have achieved the goals set forth of enhancing biomedical knowledge
among an under-served high school population and increasing college
enrollment particularly in science careers.

3018 An Academy-Industry Partnership to Raise
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Awareness and to Train Graduate Students in
Alternatives to Animal Testing Challenges in
Toxicology
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C. Pellevoisin2, O. Sella1, M. A. Akbarsha3, and P. Rat4. 1EBI, Cergy,
France; 2EPISKIN Academy, Lyon, France; 3Mahatma GandhiDoerenkamp Center, Bharathidasan University, Tiruchirappalli,
India; and 4Université Paris Descartes, Paris, France. Sponsor: D.
Bury.
Toxicology is a disciplinary undergoing a paradigm shift from in vivo
animal experiments to mechanistic approaches to improve human-relevance and replacement of animals. One of the challenges in this context
is to prepare the next generation toxicologists to be able to face today’s
challenges and to be actors of the advent of this new paradigm in toxicology. From this point of view, offering courses by academia in collaboration with experts from industry to graduate students is a pragmatic
way so as to connect graduate students to the complexity of the ground
reality and raise their awareness of what they will have to manage in
an evolving world. This poster presents academy-industry partnerships
to develop and practice this approach of cross fertilization. EPISKIN
Academy is a non-profit program established by EPISKIN SA to share
expertise from its experience in tissue engineering, in vitro methods validation and routine applications by industries and CROs. The “Master of
Human Toxicology, Risk Assessment and Vigilance” of University Paris
Descartes, the “Specialized Master Security and International Regulation
of Perfumes and Cosmetics” of the EBI in France, and the in vitro toxicology programs of the Mahatma Gandhi-Doerenkamp Center at
Bharathidasan University in India are internationally renowned courses
for practicing toxicologists as well as graduate students. For the past
four years, EPISKIN Academy is invited by these institutes to participate
to the training of students. Modular programs adapted to different situations have been developed: conferences, demonstration of hands-on
sessions and a full program of certification to an OECD in vitro method.
The content of the courses introduces the why and how of alternatives
to animal methods in ethical with the scientific and regulatory context.
An overview of validation of alternative methods and their regulatory
acceptance are emphasized using human reconstructed tissue applications in toxicology as the case study. The hands-on sessions are conducted in university laboratories and the reconstructed human tissues
are provided by EPISKIN Academy free of cost. The knowledge acquired
during these educative programs could be part of the final examination
of the students.

3019 Using Research and SOT Resources to Promote
Student Engagement in Undergraduate
Toxicology Courses at a Small Liberal Arts
College

K. Serve. Mars Hill University, Mars Hill, NC.
Studies suggest that incorporating “authentic research experiences”
into science courses increases student retention and interest. However,
this strategy poses several challenges at small, liberal arts colleges
where professors may have limited time and monetary resources for
research. Over the past year, I attempted to address these limitations in a
Toxicology course by utilizing class research projects and SOT resources.
This lecture/laboratory course was designed for upper-level biology
majors and minors. In order to introduce students to the broad scope
of toxicology-based research, I utilized the Eminent Toxicologist lecture
series available on the SOT website. In order to promote student interaction with researchers, I utilized internet video-chat to host research
toxicologists as guest lecturers. By using virtual lectures, I was able to
introduce students to a much broader range of topics and research than
would otherwise be available at a rural, private undergraduate institution with a limited travel budget. Students also participated in class
research projects and designed hypothesis-driven experiments based
on my own research interests. Student interest in and understanding
of research was assessed both informally (with survey feedback) and
formally (evaluating graded work). Overall, students expressed enjoyment of the research component and generally understood the benefit
of incorporating research experience into a science course. However,
their formal understanding of the research was lower than anticipated.
This gap in knowledge may be addressed in the future by incorporating
additional research-based activities, like having students evaluate data
sets. Overall, these practical and flexible strategies for introducing
“authentic research experiences” into a Toxicology course could be
implemented at any small, liberal arts university.

3020 Heavy Metal Analysis of Potable Water

Sources: An Educational Activity to Introduce
Undergraduate Students to Toxicology

B. Karas, E. McCandlish, S. Marco, D. L. Laskin, L. M. Aleksunes,
and B. Buckley. Rutgers University, Piscataway, NJ.
Early introduction to research is pivotal to kindling student interest in
toxicology and environmental health sciences. Of the contaminants in
our environment, heavy metals have been relevant to human health
historically, but have recently resurfaced as a cause for concern in the
United States. To increase scientific literacy of toxicology and promote
team-based learning, students in the Summer Undergraduate Research
Fellowship (SURF) Program at Rutgers participated in an educational
activity to assess heavy metal contamination of drinking water in NJ.
This project was part of a 10-week research program that included
didactic sessions on the developmental neurotoxicity of lead and
assessment of metal concentrations in the environment. Students
were divided into four teams to determine a list of sites for sampling
and were provided materials and instructions on how to collect specimens. Analysis of metal concentrations was performed using inductively
coupled plasma-mass spectrometry (ICP-MS). Teams were provided
with their data and asked to compare results to the NJ Drinking Water
Quality Standards for real-world context and regulatory interpretation.
For samples that had detectable levels of heavy metals, concentrations ranged as follows (ppb): Al (0.5-81.0), As (0.21-0.81), Cd (0.1-1.8),
Cr (0.1-1.2), Pb (0.05-9.2) Li (0.6-5.4), Mn (0.05-85.7), and Ni (0.20-87.5).
Additional hypotheses about potential contributions, including naturally-occurring and anthropogenic sources, water system sources, and
electronic waste were assessed. Of the topics and activities included in
the SURF program, the water sampling exercise, which coupled toxicology, exposure, and environmental health science, was rated favorably among participants and fostered collaboration and networking.
(Supported by NIEHS T32ES007148, R25ES020721, P30ES005022, ASPET
U54AR055073 and the SOT Internship Program)

3021 Cultivating a Relationship with Students

and Faculty from a Local Community College
through Short Courses

L. M. Williams, N. Kleckner, and T. Gould. Bates College, Lewiston,
ME.
Community colleges, which enroll approximately 46% of the nation’s
undergraduates, are becoming more visible and essential in the higher
education landscape. Growth of these institutions has provided opportunities for partnership between community colleges and four-year
colleges and universities. Starting in 2013, faculty from Bates College

3022 The Society of Toxicology’s Eminent Toxicologist
Recorded Lecture Series: Usage Data and
Examples for Use in Teaching

J. P. Gray5, K. L. Willett4, L. M. Williams1, V. A. Fitsanakis2, M.
F. Reynolds6, and B. Eidemiller3. 1Bates College, Lewiston, ME;
2King University, Bristol, TN; 3Society of Toxicology, Reston,
VA; 4University of Mississippi, University, MS; 5US Coast
Guard Academy, New London, CT; and 6Washington College,
Chestertown, MD.
The Eminent Toxicologist Lecture Series provides high quality recorded
lectures and accompanying materials from some of the most distinguished Society of Toxicology members. Five lectures were available
during the 2015-2016 academic year, four additional lectures became
available in the summer of 2016, and approximately six new lectures will
be added in 2017, covering a broad range of toxicology subject areas. A
survey conducted within the Undergraduate Educator Network of the
Society of Toxicology (n=121 members, response rate of 9.1%) found
that so far these lectures were used for teaching in undergraduate (n=6)
and graduate (n=2) courses and were used by faculty for enhancing
personal knowledge (n=5) at a diverse group of institutions, including
primarily research-focused (n=3), research and teaching (n=2), and primarily undergraduate (n=6) institutions. The number of lecture views
varied from 1-10 (n=4) to between 51-100 (n=1) dependent on the
course size. Content was tested either through exam (n=4), discussed in
lecture (n=8), or assigned in homework (n=2). Learning objectives, a list
of recommended prerequisite topics, study questions, and applications
to the NSF’s Vision and Change recommendations for undergraduate
biology education were generated in the summer of 2016 and are now
available for all nine lectures. Four different examples of the application
of these lectures will be presented. The lectures are available to both
SOT members and nonmembers at the SOT website (http://www.toxicology.org/education/edu/eminent.asp) and will also be available at
the Life Science Teaching Resource Community (http://www.lifescitrc.
org), a resource that features education materials for all ages of learners
directed at the entire life science education community. Together, these
professionally produced lectures serve the SOT strategic objectives
B3 and C1 to promote recruitment, education, and development of a
diverse and creative community of toxicologists to communicate the
impact and relevance of toxicology with key outreach audiences across
the globe, respectively.

3023 ToxMSDT: A Learning Resource for

Undergraduate Training and Mentoring

J. D. Wolt1, A. Correia2, E. Gilbreath3, D. Alexander3, P. Leigh1, and
W. K. Rumbeiha1. 1Iowa State University, Ames, IA; 2Ohio State
University, Columbus, OH; and 3Tuskegee University, Tuskegee, AL.
Exposure of undergraduate students with interest in STEM careers to
toxicology as a career choice is not common across US colleges and
universities. Thus the depth and breadth of the pool of undergraduates
applying to graduate programs in toxicology may be limited because
students who are otherwise interested may not be exposed to toxicology as a career option. This is particularly true for historically underrepresented students who are critical to a more diverse and representative future workforce in toxicology. The Toxicology Mentoring and Skills
Development Training Program - a collaboration among educators at
Iowa State University, Tuskegee University and Ohio State University seeks to acquaint promising undergraduates with toxicology careers
and to provide training that prepares students with toxicology fundamentals and skills that will aid their entry into graduate programs.
The public face of this program is ToxMSDT, a web resource comprised
of learning modules and supplemental resources targeted to student
learning as well as to introduction of the general public to the discipline
of toxicology. The learning modules and associated activities reflect key
core competencies for training of the total toxicologist as identified
through the 2012 SOT Toxicology Education Summit, namely (1) fundamentals of toxicology; (2) advanced principles of toxicology; (3) pathophysiology; (4) anatomy and physiology; (5) applied systems biology;
(6) biochemistry; (7) molecular genetics; (8) regulatory frameworks; (9)
experimental design; (10) communication skills; (11) critical thinking
skills, and (12) data and statistical analysis. In addition there is emphasis
on practical applications of toxicology principles. The learning modules
in ToxMSDT have supplemental content and relevant current topics.
Design and content for the website is enriched through use of existing
programming materials available from the National Library of Medicine
and the SOT. Associated content, such as problem sets and a blog, assist
in student inquiry and learning. This web resource is currently being
evaluated through use by a cohort of students who are using ToxMSDT
as part of a directed mentoring program.

3024 The Future Leaders in Science Education and
Communication Training Program

A. Sanders, and K. Bambino. Icahn School of Medicine at Mount
Sinai, New York, NY.
To be competitive for most academic positions, scientists must demonstrate excellent research, teaching, and communication skills. While
extensive training is devoted to cultivating proper research abilities,
few resources are available for teaching and science communication
development at the postdoctoral level. To fill this gap, Dr. Sanders developed a unique, competitive program at ISMMS called the Future Leaders
in Science Communication and Education Training Program, which
teaches postdocs improved science communication and teaching skills.
The program includes an 8-week training course, followed by the opportunity to lead two classrooms sessions (one K-12 and one graduate level).
The course provides an introduction to the major concepts in instruction, pedagogy, and science communication. Topics covered include
course, syllabus, and assessment design, using interactive learning
tools, public speaking and storytelling, navigating teaching challenges,
as well as providing supportive peer feedback. Postdoctoral trainees in
the course develop in-class teaching materials and lesson plans specific to their area of expertise, then demonstrate their skills in the classroom. Dr. Bambino, a former successful trainee in the program, developed and delivered modules on zebrafish toxicology tailored for each
audience. The modules introduced the general concept of the use of
animal models in development and toxicology studies and specifically,
the use of zebrafish to understand the physiological consequences of
environmental exposures. In the 5th grade classroom, we reviewed the
differences and similarities between developing zebrafish and humans,
observed the zebrafish at different developmental stages in petri
dishes, and the students built zebrafish embryos out of craft materials.
The graduate level class focused on developmental and reproductive
toxicology, including the presentation and discussion of a case study
on the developmental effects of methyl mercury exposure. As a result
of the Future Leaders program, over 25 top postdocs at ISMMS have
trained in communication with lay audiences. The program is a unique
professional experience for postdocs and also gives back to a deserving
community of bright young people, promoting scientific literacy for all
participants. In its first year, 20% of the program’s trainees have received
promotions or successfully transitioned to careers in teaching and communication related fields.
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partnered with faculty and students from Southern Maine Community
College (SMCC) to provide professional development to SMCC faculty
that would inform their teaching, and to help prepare SMCC students
for matriculation at a four-year college. Funded through internal and
external funds, three short courses have been taught in the summer,
each with a central hypothesis-driven focus. Participants were exposed
to basic and cutting-edge field and laboratory techniques and were
mentored in reading the primary literature, performing statistical analysis, and giving oral presentations. Prior to the workshops the SMCC
students had limited knowledge of and experience with the techniques being taught in the courses. After the workshops they reported
improved understanding of basic concepts, of the need for controls in
experiments, and of the integration of classroom and laboratory experiences (5/5 on a Likert scale post-course evaluation form). They reported
interest in taking more classes on molecular biology, toxicology, and
microscopy (5/5), greater confidence in determining what steps to
take to solve a research problem (4.8/5) and more interest in pursuing
a bachelor’s degree (4.8/5). Prior to the workshops the SMCC faculty
members had varied knowledge and experience with current molecular biology, toxicology, or imaging techniques. After the workshop
they reported improved understanding of basic concepts in molecular
biology, toxicology, and imaging (4.75/5 on evaluation), manipulation
and calculations of data in MS Excel (4.625/5) and opportunities for
collaboration between SMCC and Bates (5/5). The workshop also gave
them ideas about implementing lab-based activities in SMCC courses
(5/5) and novel curricular ideas in molecular biology, toxicology, and/
or microscopy (5/5). Overall, the courses have been rated a 5/5 by the
SMCC students and faculty. Given the success of our short courses, we
think that our collaboration stands as a model for local community
college and four-year colleges and universities.

3025 Toxicology Outreach in Serbia and Moldova
B. C. Billack. St. John’s University, Jamaica, NY.
During the summer of 2016, I went to the Republics of Serbia and
Moldova with the primary purpose of toxicology outreach to college
students in these developing nations. To this end, I organized and presented a symposium in English by the title, “Toxicology and You: Perfect
Together?” The trips were funded by the SOT International ToxScholar
travel award. The symposium featured four lectures, ranging in length
from 30 minutes to 90 minutes. The first lecture included a historical
perspective of the science of toxicology as well as a broad description of
how the science has progressed to its modern point of view. The second
lecture offered guidance to students as to how to take their next steps
into a career in toxicology (eg.,types of jobs available to toxicologists
and how to discern between entering the workforce or continuing on
the path towards a Masters or PhD degree). The third presentation was
a panel discussion and co-presented with the hosts at each institute. Its
purpose was to inform students about specific graduate programs and
post-graduate toxicology opportunities at home and in the USA. I also
described the process of applying to graduate school in the USA. Lastly,
I presented a seminar about my research and also hosted a Q&A session.
The visit to Serbia occurred on June 13, 2016 and the hosting institution was the University of Belgrade, Faculty of Pharmacy. The visit to
Chișinău, Moldova, took place from June 20-23, 2016. That trip involved
meetings with students at the State Medical and Pharmaceutical
University “N.Testemitanu” and at the National Center for Public Health.
This poster documents the trips in more detail, provides information
regarding how to establish contact with the potential host university,
provides details on the students in attendance and also describes some
of their sentiments regarding the toxicology outreach experience. A
post symposium survey revealed that the students found the outreach
to be useful. Moreover, the potential for new collaboration with the host
institutes is equally worthwhile and has added an unexpected benefit
to the outreach effort. All in all, it was a useful and productive outreach
experience. I am very thankful to SOT for their financial support of this
award.

3026 Changes in Regional Chapter K12 Outreach

Activities following Shift in Council Funding
Priorities
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M. Bourgeois. University of South Florida, Tampa, FL.
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Historically, regional chapters have used K12 outreach to educate communities about toxicology, hazard communication and risk assessment.
The scope of outreach activities conducted by individual chapters varied
considerably. SOT funding permitted smaller chapters with limited
sponsorship to provide educational opportunities to various community stakeholders. The support was designed to further the SOT vision
of “creating a safer and healthier world by advancing the science of
toxicology” at the regional level. In early 2016, chairs of the Regional
Chapter Collaboration and Communication Committee (RCCCC) and
the Education Committee were notified that K12 funding would no
longer be available. The change was part of a shift in funding priorities
designed to provide additional funding to undergraduate recruitment
and training efforts. Although the announcement produced consternation at the regional level, the majority of chapters accepted the change
as a challenge. Our goals remain the same: 1. Raise the awareness of
toxicology as a science and the Society of Toxicology as a whole. 2.
Demonstrate to SOT Council that outreach efforts play a fundamental
role in our mission to educate the next generation of toxicologists,
educators and scientists. One year out, we examine the landscape of
K12 outreach at the regional level to see how individual chapters have
responded.

3027 Adoption of a Unique EU Compliant Primate

Caging System within an Established US Primate
Facility

M. Bailey, M. Hansen, M. B. Sarnowski, K. Crowder, M. Vegarra, S.
Glaza, and H. Tsusaki. SNBL USA, Everett, WA.
Recently there has been a movement to adopt the animal housing practices utilized in Europe which place a greater emphasis on the practice
of social housing for all common laboratory species. SNBL USA originally
designed a unique Nonhuman Primate caging system to meet the recommendations of the European Union ETS 123 Guidance Document
(2006). This housing concept has been recently modified to increase
the functionality in regards to animal enrichment and flexibility to
accommodate research needs. Group housing (4-5 animals housed
together) can pose procedural challenges when utilized within the
requirements of preclinical safety evaluation studies. We addressed this

in the design of these unique caging units by employing existing animal
segregation/handling methods. Each EU caging unit provides 7.3 M3 of
interior space which exceeds the required space for 4 animals (1.8 M3
per each animal) per EU guideline. Each EU caging unit contains multiple perching locations/lixit lines, climbing wall, back wall ventilation
window, floor bedding, and multiple enrichment manipulata. The new
EU caging connects to a back-run separation cage that provides several
advantages. Animals are easily trained to move into the back-run separation cages through positive reinforcement. Animals are subsequently
handled using the SNBL designed procedure cage for all dosing and
data/sample collection techniques, which is our standard practices at
SNBL USA. The separation cages are designed to accommodate individual animal isolation procedures which are also aligned with established facility procedures. A scheme has been developed that minimizes
the additional time required to acclimate the animals to the EU housing
units, to establish compatible social groups and to train the animals to
adopt to the separation cages. In a recently completed GLP-regulated
preclinical toxicology study utilizing the SNBL EU caging system no significant differences in body weight gain were noted compare to that
observed in animals housed in standard “four-pack” social caging. The
social housing of animals in this study did not result in any social hierarchical behavioral issues and did not impede any of the required study
parameters. The animals were calmer, less stressed, and easy to handle
utilizing these specific EU compliant primate enclosures.

3028 Cardiotoxic (Arrhythmogenic) Effects of

1,1-Difluroethane Due to Electrolyte Imbalance
and Cardiomyocyte Damage

K. Joshi, M. Barletta, and J. Wurpel. St. John’s University, Fresh
Meadows, NY.
Inhalant abuse is the intentional inhalation of chemical vapors to attain
euphoric effects. Many common household products are abused by
inhalation and one of them is 1, 1-Difluoroethane (DFE). DFE is a halogenated hydrocarbon used in refrigeration, dust-off spray and airbrush
painting. Although many human DFE abuse cases involving sudden
cardiac events and arrhythmogenic effects have been reported, the etiology and mechanism of sudden death is still unknown. In this study
an animal model was used to simulate the human conditions of DFE
inhalation abuse that results in sudden death. Current research targets
mechanistic studies involving electrolyte changes and cardiomyocyte
damage after DFE administration in vivo. To investigate these changes,
Sprague Dawley rats (n=6) were exposed to 30 sec of 20 L/min of DFE
in multiple doses. Isoflurane acted as a control. Two additional groups,
Epinephrine and Epinephrine + DFE were included which simulate the
clinical condition of DFE abuse. Plasma sodium, potassium, calcium and
magnesium levels were measured followed by lactate dehydrogenase
(LDH), creatine kinase (CK) and Troponin I (cTnI) levels. In addition, oxidative stress markers and histopathological analysis was also done in
all animal groups. Electrolyte levels showed a significant rise in plasma
potassium and magnesium levels for the treated groups. In addition,
LDH, CK and cTnI levels in DFE and epinephrine + DFE administered rats
were significantly elevated as compared to the control. Oxidative stress
makers, catalase and superoxide dismutase were also elevated significantly in treatment groups. Further, histopathological analysis showed
hyperemia/congestion in treated rats as compared to the control. These
results support arrhythmogenic and cardiotoxic effects after DFE exposure and the study can be important during clinical cases involving
inhalant abuse.

3029 Combined Oral Contraceptives-Induced

Phospholipidosis, Cholesterogenesis, and
Activation of 3-Hydroxy-3-Methylglutaryl
Coenzyme A in Rat Tissues

A. D. Wusu3, S. O. Rotimi1, O. K. Afolabi2, O. A. Rotimi1, B. F.
Ogungbe3, and O. T. Adewusi3. 1Covenant University, Ogun,
Nigeria; 2Ladoke Akintola University of Technology, Ogbomosho,
Nigeria; and 3Lagos State University, Lagos, Nigeria.
The use of combined oral contraceptives (COC) has been linked to risk
of cardiovascular diseases. However, the exact mechanism of this oral
contraceptives-mediated increase in cardiovascular risk factors remains
unknown. In order to investigate the effects of COC exposure on lipid
metabolism, female albino rats were exposed to 0.015, 0.03 and 0.06
mg/kg body weight(bw) of COC (containing 0.03 mg of Ethinylestradiol
and 0.15 mg of Levonorgestrel) orally in 0.1% dimethyl Sulfoxide for 21
days. Blood liver, kidney and brain were obtained from the animals after
an overnight fast and analyzed for their lipid contents using spectrophotometric techniques. Also, the level of expression of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase expression was assessed
by reverse transcription polymerase chain reaction. Exposure to COC

3030 Rutin Protects against H2O2 Triggered Impaired
Relaxation of Human Placental Arterioles and
Induces Nrf2-Mediated Adaptation in HUVECs
Exposed to Oxidative Stress

M. M. Sthijns2, P. M. Schiffers2, F. G. Bouwman2, E. C. Mariman2, E.
S. Arnér1, K. Johansson1, A. Bast2, and G. R. Haenen2. 1Karolinska
Institutet, Stockholm, Sweden; and 2Maastricht University,
Maastricht, Netherlands. Sponsor: H. van Loveren.
Rutin is an antioxidant flavonoid, mainly present in the human diet.
Rutin intake is associated with a reduced risk of cardiovascular disease
(CVD). CVD is the first cause of death worldwide and its incidence is still
increasing. However, the exact mechanism by which rutin can prevent
CVD is still unknown. It is hypothesized that rutin protects against CVD
by functioning as a direct antioxidant, improving endothelial function and inducing an adaptation in endogenous antioxidant systems.
Human Umbilical Vein Endothelial Cells (HUVECs) were exposed to 0-30
μM of rutin for 20 minutes and 2’,7’-dichlorofluorescein (DCF) fluorescence was used as an measurement of reactive oxygen species (ROS).
Also mRNA levels were determined after 3 hours. Additionally, vasomotor responses in human chorionic plate placental vessels and LC-MS/
MS analysis to determine adduct formation were performed. Rutin protects as an antioxidant by directly scavenging ROS in HUVECs, exposed
to hydrogen peroxide (H2O2), as was indicated by a lower DCF fluorescence. Furthermore, rutin prevented also H2O2 from impairing relaxation
in vessels. During scavenging rutin is converted into a quinone. HUVECs
pretreated with rutin quinone appeared to be more protected against a
challenge with oxidative stress. LC-MS/MS analysis indicated that rutin
quinone targets cysteine 151 of Keap1. Additionally, Nrf2 mediated
gene expression of gamma-glutamyl cysteine synthetase, the rate-limiting enzyme of glutathione synthesis was upregulated. In conclusion,
rutin functions as a direct antioxidant and is thereby converted into
a quinone that thereby induces targeted adaptation by upregulating
the Nrf2-mediated endogenous antioxidant response. Future research
should focus on, firstly, investigating whether the revealed mechanism
causes the reduced risk on developing CVD, secondly, in vivo validation,
and lastly, the development of rutin as a supplement in current clinical
practice.

3031 The Effects of Crude Oil Vapor Exposure on the
Cardiovascular System of Rats

W. Zheng, W. McKinney, M. L. Kashon, M. Jackson, B. F. Law, H. Kan,
and J. S. Fedan. CDC/NIOSH/HELD, Morgantown, WV. Sponsor: V.
Castranova.
Background: Crude oil contains a variety of chemicals, and some of these
chemicals are proven to be toxic to human health. The adverse health
effects of crude oil exposure have been drawing much attention in
recent years particularly after the Deepwater Horizon oil spill in the Gulf
of Mexico in April 2010. Epidemiologic studies also have reported that
acute exposure to crude oil can cause irritation of the respiratory system,
pneumonia, headache, drowsiness, fatigue, and nausea; however, the
acute impact on the cardiovascular system after exposure to crude oil
vapor has not been well studied. The present study investigated the
effects of inhaled crude oil vapor on blood pressure and cardiac function. Methods: Male Sprague-Dawley rats were exposed by inhalation
to Deepwater Horizon surrogate crude oil vapor for 6 h at a concentration of 300 ppm. In vivo systolic, diastolic and mean blood pressure and
cardiac performance in the absence or presence of norepinephrine and
dobutamine were measured by a computerized pressure-volume loop
system at 1 day and 28 days post-exposure in anesthetized rats. Results:
Inhalation of crude oil vapor significantly decreased the basal level of
diastolic and mean blood pressure at 1 day post- exposure. Additionally,
crude oil vapor exposure also resulted in a lowered end-diastolic and
end-systolic volume of the left ventricle, and a reduced responsiveness
of end-diastolic volume of the left ventricle to dobutamine. Our study
indicated that there was no effect on blood pressure and cardiac func-

tion at 28 days post-exposure. Conclusions: Inhalation exposure to crude
oil vapor at a concentration of 300 ppm for 6 h significantly lowered
basal blood pressure that was associated with lowering of end-diastolic
and end-systolic volumes of the left ventricle and decreased responsiveness to a positive inotropic drug.

3032 Acute and Repeated Dose Toxicity Studies
of Pyridazine Analogues as New Class of
Antihypertensive Agent

R. Mishra1, A. A. Siddiqui2, A. Husain2, M. Rashid2, V. Srinivasan3,
and S. Bhardwaj4. 1Baddi University of Emerging Sciences &
Technology, Solan Himachal Pradesh, India; 2Jamia Hamdard
(Hamdard University), Hamdard Nagar, New Delhi, India; 3L’Oréal,
Somerset, NJ; and 4Rayat Bahra University, Mohali, Punjab, India.
Pyridazines are important biologically active scaffolds, possessing antihypertensive, cardiotonic, analgesic, anti-inflammatory, antidepressant,
antibacterial, anticancer, nephrotopic drugs, antithrombic, diuretic
and anti-HIV activities. Some new 7-substituted-phenyl-3,4,8,9-tetrahydro-2H-pyridazino[1,6-a][1,3,5]triazin-2-imine/one/thione derivatives
were synthesized. Pyridazines and its derivatives are known for their
cardiovascular effects. To support the safety of synthetic compound
7-substituted-phenyl-3,4,8,9-tetrahydro-2H-pyridazino[1,6-a][1,3,5]-triazin-2-imine/one/thione derivatives, it has been examined in an acute
and in a 4-week repeated dose toxicity study in rats. Animals were
divided into groups of 5 animals each. The compound (20mg/kg body
weight and 40 mg/kg body weight) was injected ip after suspending
in 1% carboxymethylcellulose solution in single dose resulted in no
adverse events or mortality. Also, the compound administered as a daily
dose of 40 mg/kg for 4 weeks by gavage resulted in no adverse events
or mortality. No evidence or treatment-related toxicity was detected
during both studies. Data analysis of body weight gain, food consumption, clinical observations, blood biochemical, haematology, organ
weight ratios and histopathological findings did not show significant
differences between control and treated groups. It is concluded that the
synthetic compound orally administered to rats was safe and that no
treatment-related toxicity was detected in both acute ip route of exposure and repeated dose (4 weeks) oral route of exposure (40 mg/kg of
body weight) toxicity studies.
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3033 Inhibition of HDAC, Especially HDAC3, Prevents

Diabetic Cardiomyopathy in OVE26 Mice via
Epigenetic Inhibition of ERK1/2-DUSP5 Pathway

Z. Xu2,1,, L. Cai2, and J. Sun1. 1Cardiovascular Center, The First
Hospital of Jilin University, Changchun, China; and 2Kosair
Children’s Hospital Research Institute, Louisville, KY.
Inhibition of histone deacetylase (HDAC) phenomenally protects against
streptozotocin-induced cardiomyopathy. To explore the mechanisms,
male type 1 diabetes OVE26 mice and age-matched wild type mice
were given HDAC inhibitor (valproic acid, VPA), selective HDAC3 inhibitor (RGFP966) or vehicle for 3 months. These mice then were sacrificed
immediately or 3 months after the end of 3-month treatment. Cardiac
function and pathological changes (hypertrophy, fibrosis, inflammation and oxidative damage) were assessed by echocardiography and
histopathological examination. Both VPA and RGFP966 significantly prevented DCM, reflected by the prevention of diabetes-induced cardiac
dysfunction, hypertrophy and fibrosis, along with cardiac oxidative
stress and inflammation. The protection from DCM was persistently
observed even at the 3rd month after the end of 3-month HDAC inhibition, suggesting the “preventive memory” of DCM by HDAC inhibition.
Mechanistically phosphorylated ERK1/2 that is a well-known initiator
to cardiac hypertrophy was significantly increased, which was prevented by VPA and RGFP966. Meanwhile the DUSP5 (Dual Specificity
Phosphatase 5), an ERK1/2 negatively regulating nuclear phosphatase, was oppositely changed. Chromatin immunoprecipitation assays
showed the elevated histone H3 acetylation at DUSP5 gene promoter
in both 3 months and 6 months. These findings suggest that diabetes
increases HDAC3 activity to deacetylate DUSP5 for derepressing ERK1/2
inhibition, leading to its initiation of DCM pathogenesis, which is preventable by HDAC inhibition. The epigenetic mechanism responsible
for the pathogenesis of DCM and its preventable by HDAC inhibition
explains its preventive memory. Therefore, these results suggested the
therapeutic potential of HDAC inhibition in treating DCM.
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resulted in dyslipidemia, characterized by hypercholesterolemia and
hypertriglyceridemia in plasma with significant (p< 0.05) decrease in
concentrations of HDL cholesterol (53%), triglyceride (33%) and phospholipid (55%) at 0.03 mg/bw. COC also resulted in induction of phospholipidosis in brain, liver and kidney of the animals. However, liver
phospholipidosis was accompanied with depletion of liver cholesterol
and hypertriglyceridemia. Phospholipidosis in the brain and kidney was
accompanied with enhanced cholesterogenesis and hypertriglyceridemia. It also resulted to up-regulation of the expression of HMG COA
reductase in the liver and kidney. Our results suggest that the increased
risks of cardiovascular diseases as result of COC administration may be
mediated through induction of cholesterogenesis and phospholipidosis
in tissues.

3034 A Cell-Based Model for Studying Human
Angiotensinogen Gene Regulation after
Cytokines

S. A. Ansari, and R. A. Ansari. Nova Southeastern University, Fort
Lauderdale, FL.
Human angiotensinogen (hAGT) is an acute phase response II (APR
II) protein secreted from liver which plays a significant role in blood
pressure regulation and mediating fibrogenic transformation of liver
after hepatic injury. Since hepatotoxicants’ exposure induce immune
response after injury, the effects of cytokines on secretion of hAGT by
HepG2 and Huh7 cells were studied after interleukins-1beta and interleukin-6 (IL-1β, and IL-6) and phorbol 12-myristate 13-acetate ester
(PMA) treatments for 24 and 48 hrs. IL-6 treatment caused the maximum
effects on hAGT secretion from HepG2 and Huh7 cells while IL-1β mediated hAGT activation were not comparable to IL-6. HepG2 cells were
more responsive to hAGT activation by IL-6 as compare to Huh7 cells.
The analysis of cellular level of AGT indicated that activation by IL-6,
increased the cellular AGT levels in both HepG2 and Huh7 cells while
treatments with IL-1β or PMA did not result into corresponding cellular
increase. Differentially posttranslated cellular AGT forms were found
with HepG2 and Huh7 cells after cytokines and PMA treatments. A gene
reporter assay utilizing 2XNF-KappaB luciferase assay for confirming
NF-κB mediated activation after treatment with IL-1β or PMA in both cell
lines for either 24 or 48 hrs. was not very strong as anticipated. Although,
NF-κB response site(s) has been demonstrated by Kobori et al in hAGT, it
is concluded that hAGT gene activation in hepatocytes occurs predominantly by IL-6 and not by IL-1β.

3035 Thrombocytopenia Caused by panHDAC

Inhibitors Correlates with Reduced GATA1 Expression and Impaired Megakaryocyte
Differentiation

D. Simic2, and N. Sang1. 1Drexel University, Philadelphia, PA; and
2Janssen R&D (Johnson & Johnson), Spring House, PA.
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The effectiveness of HDAC inhibitors (HDACi), specifically panHDACi,
against a broad range of cancers has been established in the clinic
trials. Currently four HDACi (SAHA/Vorinostat, Panobinostat/LBH589,
Romidepsin, and Belinostat/PDX101) have been approved by US FDA
as epigenetic therapeutics, mostly for treatment of T cell lymphomas.
Clinical trials for potential treatment of solid tumors require increased
dosing; however, with potency comes thrombocytopenia, a common,
dose-limiting adverse effect with an unclear etiology. Previous studies
indicate potential involvement of GATA-1 and tubulin acetylation. We
induced hematopoetic progenitor (CD34+) cells to differentiate in vitro
for 14-days. The presence of panHDACi Panobinostat and SAHA at their
respective clinical Cmax resulted in a significant reduction in MK differentiation. To dissect the underlying molecular mechanisms, we treated
Meg-01 (a megakaryoblast line) with panHDACi for 2 days, and Western
blotting analysis showed a total loss of GATA-1 accompanied by a
robust increase in tubulin acetylation. In contrast, specific inhibition of
HDAC5/4 with LMK235 had no effect on either GATA-1 protein levels or
on MK differentiation. To further rule out a role of tubulin acetylation in
MK differentiation, we treated Meg-01 cells with tubacin, an HDAC6 specific inhibitor, to induce tubulin acetylation. We observed that tubacin
induced robust acetylation of α-tubulin but maintained GATA-1 levels
generally unchanged. Finally, in the presence of tubacin, CD34+ cells
remain the ability to successfully differentiate to MK. Taken together, our
data indicate that panHDACIs cause thrombocytopenia by suppressing
GATA-1 expression, thus blocking MK differentiation. Therefore, using
GATA-1 levels as an indicator, identifying and developing new HDACIs
that do not impair GATA-1 levels may avoid the dose-limiting thrombocytopenia associated with most panHDACis.

3036 The Molecular Mechanism of CSE Disturb

Fibronectin Remold in the Vascular Endothelial
Cells

L. Qiao, C. Hua, K. Yu, X. Li, and F. Xie. Zhengzhou Tobacco
Research Institute, Zhengzhou, China. Sponsor: R. Meng.
Smoking is harmful for the cardiovascular system, and is considered to
be a major cause for atherosclerosis. Some chemicals in the cigarette can
disrupt the microenviroment, which the vascular endothelial cells (VEC)
reside in, inducing the disrepair of endothelial cells as well as a serial
pathological responses, resulting in the arteriosclerotic vascular disease.
However, the underlying mechanism for the alteration of VEC extracellular matrix, and when atherosclerosis forms, have not been discovered. In our preliminary experiment, we utilized a zebrafish model and

tested the effect of the cigarette smoke extracts (CSE) on the vascular
endothelial cells. We found that CES could induce abnormal deposition
and aberrant assembly of Fibronection (FN) in the VEC. Meanwhile, the
pivot genes, which regulate FN expression and assembly, such as snail,
integrin, were changed as well. Based on these finding, we propose to
further investigate the mechanism how the CES affect the assembly
in the extracellular matrix by employing the zebrafish model and the
human vascular endothelial cell lines. We will carry out the in vivo time
course imaging, in vitro 3D culture to determine the CSE effects on the
reconstruction of Fibronectin in VEC extracellular matrix during the atherosclerosis, and key factors involving in this process. Those studies of
the regulatory mechanism and related pathways could help to better
understand the pathogenesis of CSE-induced arteriosclerotic vascular
disease and provide a potential avenue for prevention and treatment.

3037 3D Printer Emission Inhalation Stimulates Acute
Hypertension and Microvascular Dysfunction

T. Nurkiewicz2, A. Stefaniak1, C. McBride2, and J. Yi2. 1NIOSH,
Morgantown, WV; and 2West Virginia University, Morgantown,
WV.
Desktop 3D printers are now commonplace not only in research laboratories and industrial shops, but also offices and homes. We and others
have reported that typical 3D printing with common acrylonitrile butadiene styrene (ABS) filaments generates high and mixed concentrations of ultrafine particulate matter (PM) and vapor emissions (3DPE).
Despite this, containment strategies are lacking and the health effects
of 3DPE inhalation are unknown. Because pulmonary exposure to a
variety of airborne toxicants ranging from solid PM to gaseous components induces cardiovascular dysfunction, we hypothesized that 3DPE
inhalation would lead to similar outcomes. Sprague-Dawley rats (53±2
days, 271±12 g) were exposed to 3DPE (N=7) or filtered air (sham, N=5)
via nose-only inhalation exposures (DSI Buxco Inhalation Tower). 3DPE
were generated by a Replicator 2x (Makerbot Industries) printing with
black ABS, collected in a containment chamber and pumped into the
Inhalation Tower. Exposure parameters: duration: 3-3.5 hrs; concentration: 0.9±0.1 mg/m3; aerodynamic diameter 70±2 nm; mobility diameter
79±9 nm; and calculated lung deposition: 4.0±0.4 μg. 24 hrs post exposure, the spinotrapezius muscle was prepared for intravital microscopy
and microvascular function was assessed via microiontophoresis (1-3
1st order arterioles studied/rat). Arterial pressure was directly measured
in the carotid artery. At the time of intravital experiments, the 3DPE
group displayed acute hypertension (mean pressure = 127±7 mm Hg)
vs the sham group (89±5 mm Hg). Consistent with this elevated arterial
pressure, arteriolar tone was significantly elevated (64±2% vs 55±5%,
3DPE vs sham, respectively). Further, endothelium-dependent arteriolar dilation (acetylcholine) was significantly attenuated in the 3DPE
group (21±11% of maximum response) as compared to the sham group
(70±9%). These results provide initial evidence that modest pulmonary
3DPE exposures may result in an acute systemic pressor response, characterized by an increased microvascular resistance and blunted dilator
response. The findings and conclusions in this report are those of the
authors and do not necessarily represent the views of NIOSH. Mention of
any company name or product does not constitute endorsement by NIOSH.
Support: R01-ES015022 (TRN); NIOSH-NORA 63392 (TRN), 927ZLDM (ABS),
and 63382 (JY).

3038 MuRF1 Protects against the Functional and

Metabolic Consequences of a Congenital Heart
Defect That May Increase Susceptibility to
Cardiovascular Toxins

D. I. Brown, and M. Willis. University of North Carolina at Chapel
Hill, Chapel Hill, NC.
Toxins and environmental factors increase the incidence and severity
of cardiovascular disease. Particulates, hormonal and environmental
signals can activate nuclear receptors (NRs), a class of transcription
factors that induce adaptive transcriptional responses. Multiple NRs
such as glucocorticoid receptor (GR), thyroid hormone receptor alpha1
(TRα) and peroxisome proliferator-activated receptor alpha (PPARα)
have altered activities in cardiovascular disease that contribute to
the remodeling process that occurs during the development of heart
failure. We have recently described a novel mechanism of regulation of
nuclear receptors by the ubiquitin ligase MuRF1. Both TRα and PPARα
are monoubiquitinated and translocated out of the nucleus by MuRF1,
thereby reducing their transcriptional activity. In this study we combine
a MuRF1-/- mouse model with a model of cardiac proteotoxicity, specifically the transgenic expression of a mutation in Myosin binding
protein-C (MyBP-C) that causes a truncation known as m7t, to further
investigate the mechanism of MuRF1 and its downstream targets in cardioprotection. By assessing cardiac function by conscious echocardiog-

3039 Arterial Blood Pressure and ECG Parameter

Measurements in Conscious Non-Telemetered
Rabbits

A. El Amrani, F. El Amrani-Callens, S. Loriot, P. Singh, and R. Forster.
CiToxLAB, Evreux cedex, France.
Monitoring of cardiovascular parameters in rabbit toxicology studies
usually requires approaches other than implanted telemetry. The aim of
the present study was to evaluate an improved method for monitoring
arterial blood pressure using High Definition Oscillometry (cuff around
the forelimb), surface ECG (standard leads I, II and III) and body temperature (rectal thermometer) in conscious rabbits placed in a holding
box. Changes in these parameters were evaluated after administration
(single intravenous bolus) of Sotalol at 12 mg/kg to four male NewZealand White rabbits and compared to a similarly composed vehicle
(0.9% NaCl) group. Data were collected pre-dose and 5 (T5) and 40 (T40)
minutes after treatment. Statistically significant decreases in systolic
arterial blood pressure (-18 ± 4 vs. -2 ± 3 mmHg at T 5, p<0.05) and
decreases in heart rate (not statistically significant) were observed in the
sotalol group, and statistically significant increases in QTc, independent
of the QT-correction method (QTb: 339 ± 9 ms vs. 280 ± 4 ms, p<0.01
and 344 ± 6 vs. 289 ± 3 ms, p<0.001 at T5 and T40, respectively) were
also observed in this group. No effect on PQ, QRS or body temperature
was observed in either group. The present study demonstrated that a
non-invasive approach based on the use of HDO and surface ECG allows
measurement of cardiovascular parameters in conscious rabbits. This
approach is suitable for the evaluation of cardiovascular parameters
during the integration of safety pharmacology end-points in toxicology
studies in rabbits.

3040 The P53-Specific Inhibitor Pifithrin-α Protects

from Diabetic Cardiomyopathy through
Attenuating the Early-Stage Apoptosis and
Improving the Late-Stage Defect of Glycolysis
and Angiogenesis

J. Gu2, S. Wang1, Y. Tan2, and L. Cai2. 1Cardiovascular Center, the
First Hospital of Jilin University, Changchun, China; and 2University
of Louisville, Louisville, KY.
Cumulative evidence indicates that elevated tumor suppressor P53
expression is associated with several heart diseases, including diabetic cardiomyopathy (DCM). However, the mechanisms are unclear.
We report that expression levels of P53 were increased in streptozotocin-induced type 1 diabetes and db/db mice, and were associated with
increases in cardiac pathological changes and dysfunctions, compared
to nondiabetic mice. One of the key early cardiac responses under diabetic conditions is apoptosis, which, however, occurs predominantly in
the early stage of diabetes. It is known that the persistent reduction of
glucose uptake and utilization and an inadequate neovascularization
usually plays a critical role in the late development of DCM. The aim of
this study was to determine whether and how inhibition of P53, using a
specific inhibitor pifithrin-α, protects from cardiac pathological changes
and dysfunction in diabetic mice. FVB mice were treated with five daily
injections of 50 mg/kg streptozotocin to induce type 1 diabetes. Both
hyperglycemic and age-matched control mice were treated with or
without p53 inhibitor PFT-α at 1.1 mg/kg five times weekly for 2 months
and then these mice were kept without PFT-α treatment until 6 months.
The results showed that treatment of diabetic mice with PFT-α for two
months could lead to improve diabetes-induced progressively cardiac
remodeling and dysfunction (i.e.: DCM). Mechanistically we further
found that during the early state of DM (0.5 month), inhibition of P53
reduces cardiac mitochondrial cell death while in the late state of DM
(3 - 6 months), inhibition of P53 protects from diabetes-induced impairment in glucose metabolism and angiogenesis via increase in hypoxia-induced factor (HIF)-1α protein stability and upregulation of HIF-1α
transcription of specific protective genes. These results demonstrate for

the first time that inhibition of P53-mediated early-stage apoptosis and
late-stage defective glycolysis and angiogenesis results in the significant
prevention of diabetes-induced cardiac pathological change and dysfunction, suggesting that an intervention with P53 may be a therapeutic
strategy for the prevention and treatment of DCM.

3041 Dexrazoxane Mitigates Doxorubicin-Induced

Alterations in Cardiac MiRNA Expression in Male
B6C3F1 Mice

V. Vijay2, J. C. Kwekel1, T. Han2, C. Moland2, J. C. Fuscoe2, and V. G.
Desai2. 1Central Baptist College, Conway, AR; and 2US FDA/NCTR,
Jefferson, AR.
Dexrazoxane (DXZ) is an iron chelator that has been shown to reduce
effects of chronic cardiotoxicity induced by an anticancer drug, doxorubicin (DOX), in cancer patients. While, one mechanism for providing
cardio-protection may be interference with Dox-dependent iron-mediated reactive oxygen generation, in truth the molecular mechanisms
of DXZ cardio-protection are not fully understood. Previous studies in
our laboratory showed DOX-mediated significant alteration in expression of cardiac miRNAs and development of pathology in male B6C3F1
mice treated weekly with 3 mg/kg DOX or saline (SAL) via tail vein for
2, 3, 4, 6, and 8 weeks, resulting in cumulative doses of 6, 9, 12, 18, and
24 mg/kg, respectively. The expression of 33 miRNAs were significantly
(p<0.05 and fold change>1.5) altered at one or more cumulative DOX
doses including, pro-apoptotic miR-34a, miR-21 (involved in fibrosis),
miR-208b and miR-150 (involved in hypertrophy). To evaluate whether
DXZ can mitigate DOX-induced alteration of miRNA expression and
cardiac lesions, mice were given an intraperitoneal injection of 60 mg/
kg DXZ 30 min before weekly administration of DOX or SAL for 2, 3, 4,
6, and 8 weeks. A week after the last dose, hearts were collected at necropsy to perform expression profiling of 1,179 miRNAs. Results indicated
that expression of a majority of DOX-induced miRNAs, including those
involved in apoptosis, fibrosis, and hypertrophy, were mitigated by DXZ.
Mitigating effects of DXZ were more pronounced after the 8th weekly
DXZ dose (480 mg/kg cumulative dose). Pretreatment with DXZ also
significantly reduced the release of cardiac troponin T in plasma and
prevented the formation of cardiac lesions induced by 24 mg/kg cumulative DOX dose. These findings provide important insights into the
mechanism of DXZ cardio-protection by attenuation of DOX-induced
changes in expression of miRNAs associated with various cardiac events
during progression towards cardiotoxicity.

3042 Lifelong Exposure of C57bl/6n Male Mice

to Bisphenol A or Bisphenol S Increases
Inflammation and Reduces Successful Cardiac
Remodeling after a Myocardial Infarction

L. Chalifour, A. Kasneci, J. Shang, S. Lampen, and T. Gomolin. Lady
Davis Institute / McGill University, Montreal, QC, Canada.
Bisphenol A (BPA) leaches from plastics into food and beverage containers. The BPA analogue, bisphenol S (BPS) is being used increasingly.
Greater BPA exposure is linked with increased cardiovascular disease,
yet little information is available for any cardiovascular impact of BPS.
Here, we tested the hypothesis that increased BPA and BPS exposure
would reduce recovery after a myocardial infarction (MI). Drinking water
containing 25ng/ml BPA or BPS (human equivalent dose 0.4 μg/kg/day)
was given to C57bl6n mating pairs and their progeny. A permanent ligation reducing blood flow to ~40% of the left ventricle was made when
the male progeny were 3-4 months of age. We found increased early
death after the MI of BPA- and BPS-exposed mice. Further, the exposed
mice that survived had greater echocardiograph-defined cardiac dilation and reduced cardiac function. Matrix metalloproteinase-2 and -9
protein and activity were increased 2-3-fold in the infarcts of BPA- and
BPS-exposed versus control mice. Increased MMP9 protein and secreted
activity was detected in RAW264.7 macrophage cells treated with BPA
or BPS suggesting that the increased activity in vivo in the infarcts was
myeloid-based. Flow cytometry of myeloid cells isolated from hearts
revealed increased monocyte and macrophage infiltration in BPA- and
BPS-exposed mice that correlated with increased local expression of the
chemoattractant CCL2. Infiltrating monocytes originate from the bone
marrow. Nanomolar BPA and BPS treatment increased expression of
the pro-inflammatory markers NOS2 and COX2 in bone marrow-derived
monocytes (BMDM). This increase was ablated by estrogen receptor (ER)
antagonists. Concomitant BPA and BPS treatment increased chemokine-induced NOS2 and COX2 expression in BMDM from wild type, but
not ERβ deficient mice. These data indicate that BPA and BPS increase
the susceptibility to develop a pro-inflammatory monocyte population
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raphy, we found that that m7t expression induces cardiac hypertrophy
that is exaggerated in MuRF1-/- mice. Increased wall thickness was also
observed in histology of MuRF1-/- m7t hearts. A microarray analysis
reveals changes in cell cycle, nucleotide binding, aryl hydrocarbon/
dioxin receptor and metabolic genes with m7t expression. Further analysis of metabolic changes by non-targeted metabolomics is ongoing.
Overall these results suggest that mutations in MyBP-C increase susceptibility to metabolic stressors and toxins such as dioxins. The absence
of the ubiquitin ligase MuRF1 may exacerbate these toxic effects. It
remains to be tested whether MuRF1 regulation of PPARα is involved in
this mechanism.

and that this is downstream of ER signalling. Overall, we found that BPA
and BPS increased inflammation in the infarct via the same mechanism.
We conclude that the cardiovascular impact of lifelong exposure to BPA
and BPS is similar and that both impair the ability of the heart to recover
from a major wound.

3043 Early Life Persistent Vitamin D Deficiency

Exacerbates Arrhythmias and Autonomic
Imbalance following Acrolein Exposure in Mice

K. Stratford1, N. Haykal-Coates2, A. Ledbetter2, A. Farraj2, and M.
Hazari2. 1University of North Carolina at Chapel Hill, Chapel Hill,
NC; and 2US EPA, Research Triangle Park, NC.
Epidemiological and animal data have conclusively linked adverse cardiovascular outcomes to air pollution exposure. As such, cardiovascular
function is maintained by adequate levels of certain essential micronutrients like vitamin D. Unfortunately, vitamin D deficiency (VDD) has
become highly prevalent in the United States, as well as in the world,
even affecting otherwise healthy individuals. My initial studies showed
that VDD alters cardiac function, increases cardiac arrhythmia and HRV
(i.e. indirect measure of autonomic tone) in mice; this response is further
exacerbated after smog exposure. VDD has been shown to alter the
responsiveness of transient receptor potential A1 (TRPA1) channels,
which we have previously shown to be involved in cardiopulmonary
dysfunction to acrolein, which is a ubiquitous air pollutant and potent
TRPA1 agonist. The effect of VDD on TRPA1-induced air pollution
responses is not known and is the purpose of this study. 3-week old
mice were placed on a VDD or normal diet (ND) for 19 weeks and then
implanted with radiotelemeters for the measurement of heart rate, electrocardiogram and HRV. Mice were exposed to filtered air then acrolein
for 3 hours each on separate days. During exposure, ventilatory function
and ECG were simultaneously recorded. Acrolein increased parasympathetic tone in ND mice, but not VDD mice during exposure. However,
acrolein caused cardiac arrhythmias only in VDD mice during exposure.
Similar to previous studies, ventilatory function was altered during acrolein exposure indicating airway irritation in ND mice; this was worsened
by VDD. In conclusion, VDD appears to worsen the cardiopulmonary
effects of air pollution and TRPA1 could be a potential mediator in the
mechanism. (This abstract does not reflect USEPA policy)

3045 Towards Prediction of Acute and Chronic Drug

Effects Using Multi-Parameter Profiling of hiPSCDerived Cardiomyocytes

T. de Korte, S. C. Den Hartogh, F. Stevenhagen, P. Nacken, R.
Wilbers, K. Langenberg, M. Dunska, S. Braam, and M. L. Vlaming.
Pluriomics BV, Leiden, Netherlands. Sponsor: J. Louisse.
Standardization and validation of hiPSC-derived cardiomyocyte-based
assays for cardiac safety studies in vitro are currently assessed by the
Comprehensive in vitro Proarrhythmia Assay (CiPA) consortium, a safety
testing initiative aiming to update the regulatory strategy of the ICH S7B
Guideline. Within CiPA, the acute effects (30±2 minutes after addition)
of a set of reference compounds on the electrical activity of hiPSC-derived cardiomyocytes are evaluated using multielectrode array (MEA)
and voltage-sensing dyes (VSD) technologies. However, besides acute
effects on ion channels, especially chronic cardiotoxicity is a serious
issue in the clinic. Therefore, it is important to establish assays based
on human cardiomyocytes that can predict a wide variety of adverse
outcomes, also after long-term treatments. In this study we assessed
both acute and more chronic effects of a set of test compounds on
the electrophysiology of hiPSC-derived cardiomyocytes (Pluricyte®
Cardiomyocytes) using MEA- and impedance-based technologies. While
ion channel inhibitors such as the hERG-channel blocker E4031 clearly
caused acute effects on the electrophysiology of the cardiomyocytes,
other compounds did not induce acute effects, but significantly affected
the electrophysiology after longer incubation times. For example,
lapatinib, a tyrosine kinase inhibitor, did not induce acute cardiotoxicity, but did significantly increase the impedance peak width after 16h
(54%, P≤0.01) to 24h (114%, P≤0.0001) incubations. In addition, the
hERG-channel trafficking inhibitor arsenic trioxide had no acute effects
on electrophysiology, while the field potential duration of Pluricyte®
Cardiomyocytes was significantly increased after 24h of incubation at
clinically relevant concentrations. Taken together, our results show that
studying both acute and chronic drug-effects in hiPSC-derived cardiomyocytes, enables a better understanding of the wide range of cardiotoxicities that can occur and will help to explain the cellular mechanisms
behind late onset drug-induced cardiomyopathy. This approach will
further improve decision-making for novel drug-candidates at an early
stage of drug development.

3046 Multi-Ion Channel Inhibition Profiles: A Quest for
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Mechanistic Understanding of Safe Drugs

3044 Evaluation of a Minimally Invasive Data

Logger for Collection of Heart Rate and Body
Temperature in Cynomolgus Monkeys

J. Cordes1, P. Malloy2, and J. Steidl-Nichols1. 1Pfizer, Inc, Groton, CT;
and 2University of Connecticut, Storrs, CT. Sponsor: D. Ackley.
Heart rate (HR) and body temperature (BT) can be important physiological parameters to monitor on toxicology studies. Traditionally, surface
lead ECGs and rectal thermometers are used to collect these data, but
only provide a snapshot of data at any one time. Telemetry add-ons
can also be utilized to capture these data, but this level of investment
may not be warranted in all cases. In this study, Star:Oddi (SO) DST milli-HRT data loggers were evaluated for use as a potential toxicology
study add-on technology for measuring HR and BT in monkeys. Four
telemetry-instrumented cynomolgus monkeys were implanted with SO
loggers and all surgeries were well tolerated with minimal recovery time
needed. The animals were administered vehicle or 2 mg/kg diazepam in
a crossover design. Cardiovascular (CV) parameters were recorded for
24 hours postdose (HPD) by both telemetry and SO loggers, and rectal
temperatures were collected predose and 4 HPD. Upon study completion, the data loggers were explanted from the animals to retrieve the
data. The SO loggers produced high quality data, as 77% of the data was
deemed reliable based upon visual review. Both recording technologies
detected statistically significant decreases in HR (-19 to -28 bpm) and BT
(-0.4 to -0.5°C) from 0.5-3.5 HPD. No statistically significant differences
were observed between the SO and telemetry data. Decreases in BT
were similar between rectal, telemetry and SO collection methods. The
results of this study suggest that the Star:Oddi DST milli-HRT is a viable
minimally invasive add-on technology for HR and BT measurement on
toxicology studies.

Huang1,

H.
M. Pugsley2, K. Bujold1, A. Ascah1, S. Abtout1, M. Pouliot1,
S. Authier1,3,, and R. Forster1. 1CiToxLAB North America, Laval, QC,
Canada; 2Purdue Pharma L.P, Cranbury, NJ; and 3Université de
Montréal, St-Hyacinthe, QC, Canada.
Background: hERG/IKr inhibition has been considered as a major risk
factor for arrhythmia in drug development for nearly two decades with
known limitations. A mechanistic understanding of ion channel interaction during the cardiac action potential has emerged as a strategy to
identify proarrhythmic risk, beyond a simple measure of hERG/IKr inhibition. Currently, multiple ion channel inhibition screening is proposed
to evaluate early and late repolarization effects. The purpose of this
analysis was to evaluate a quantitative method to compare multi-ion
channel inhibition profiles. Methods: HEK 293 cells stably expressing ion
channels were used in the manual whole-cell configuration. IC50 values
for ion channels (Nav1.5, Kv4.3, Cav1.2, hERG, KvLQT1 and Kir2.1) were
normalized for IKr inhibition and the resulting ratios were subjected to
statistical comparison. Results: Cisapride showed a dose-dependent
inhibition on multiple channels with IC50 values (µM) of 0.0138 for hERG,
0.81 for Cav1.2, 20.2 for Nav1.5, 0.85 for KvLQT1, 15.4 for Kv4.3, and >10
for Kir 2.1. The IC50 values (µM) obtained from terfenadine were 0.018
(hERG), 0.71 (Cav1.2), 4.8 (Nav1.5), 4.70 (KvLQT1), 3.26 (Kv4.3) and >10
(Kir 2.1). For verapamil, IC50 values (µM) were 0.53 (hERG), 16.7 (Cav1.2),
11.9 (Nav1.5), 9.4 (KvLQT1), >10 (Kv4.3) and >100 (Kir2.1), respectively.
After normalizing to hERG IC50, cisapride ratios were significantly different from verapamil ( p=0.034, t test). Ratios for terfenadine versus
cisapride were not significantly different. Conclusion: Multiple ion
channel inhibition can help evaluate potential effects on the cardiac
action potential, and estimate the proarrhythmic risk in patients. This
analysis evaluated a simple quantitative strategy to compare multiple
ion channel inhibition profiles.

3047 Cardiac Contractility: Correction Strategies
Applied to Telemetry Data from a HESISponsored Consortium

E. Boulay3,6,, V. Jacquemet5,1,, A. Vinet5,1,, A. Ascah3, M. Pugsley8, J.
Doyle4, E. Troncy6, J. Pierson7, S. Authier3,6,, and R. Forster2. 1Centre
de Recherche, Hôpital du Sacré-Cœur, Montreal, QC, Canada;
2CiToxLAB France, Evreux, France; 3CiToxLAB North America, Laval,
QC, Canada; 4Data Sciences International, St Paul, MN; 5Faculté de
Médecine, Université de Montréal, Montreal, QC, Canada; 6Faculty
of Veterinary Medicine, Université de Montréal, St-Hyacinthe, QC,
Canada; 7HESI, Washington DC, WA; and 8Purdue Pharma L.P.,
Cranbury, NJ.
While the QT has a long history of heart rate (HR) correction, limited
investigations have been undertaken to assess the impact of cardiovascular parameters on left ventricular (LV) contractility. Cardiac contractility is affected by preload (Cyon-Frank-Starling), afterload (Anrep)
and HR (Bowditch). Methodology: Modelling was completed using
contractility data from chronically instrumented Beagle dogs in a HESI
consortium in either a single or double 4x4 Latin square study. 44
correction models (11 fitting formulas × 2 modeling approaches, × 2
correction approaches (linear or proportional) were evaluated. 3D/2D
cloud analysis of the beat-to-beat data for the control, pimobendan,
and either itraconazole or atenolol groups were used to evaluate correlations between the various parameters and derive an optimal correction method. Results: dP/dtmax was best correlated to HR and the
LV systolic pressure with a correlation coefficient of 0.8. In decreasing
order, dP/dtmin, mean arterial blood pressure, systolic arterial BP, diastolic BP, arterial pulse pressure and LV end diastolic pressure showed
reduced correlation to dP/dtmax. Subject-specific models improved
the correction by up to 14% when compared to universal correction
models. The non-linear correction model was superior to the linear
model. Discussion: Results suggest that the optimal correction formula
for dP/dtmax would be subject-specific, non-linear and would include
HR and LV systolic pressure. Correcting contractility for HR and left ventricular systolic pressure may enhance data interpretation in non-clinical
drug safety assessments. Similar analysis could be considered for other
species used in safety pharmacology.

3049 Cardiac Microtissue Models for the Improved

Prediction of Drug-Induced Cardiac Hypertrophy

P. Walker, S. Bevan, T. Forster, B. Park, and C. Dilworth. Cyprotex,
Cheshire, United Kingdom. Sponsor: C. Strock.
Drugs can exert morphological damage to the myocardium such
as hypertrophy. Repeat dose drug exposures are often required for
the manifestation of such toxicities, however, current preclinical in
vitro models focus primarily on a single cell population in a restrictive
two-dimensional format with limited longevity. The myocardial cell
population comprises 70% non-myocytes such as endothelial and
fibroblasts. Recent data suggests these cells are involved in the maturation of stem cell derived cardiomyocytes in vitro, however their
role in drug induced structural cardiotoxicity is yet to be established.
Here, we assessed human derived cardiac microtissues (MTs) formed
as either monocultures (cardiomyocytes alone), co-cultures (cardiomyocytes with endothelial or fibroblasts) or tri-cultures (cardiomyocyte, endothelial and fibroblasts) using a low adhesion cell suspension
method. Utilising time course brightfield imaging of cardiac MT area
throughout a repeat dose compound exposure setting, hypertrophy can
be detected prior to gross cytotoxicity. MTs were exposed to 10 known
hypertrophy inducing cardiotoxins and 4 other structural cardiotoxins
(plus 2 negatives) over 14 days. At day 14, fluorescent HCS analysis of
calcium homeostasis and mitochondrial dysfunction was combined
with a measure of cellular ATP, to determine structural cardiotoxicity.
With a 10-fold Cmax cut off applied the mono-MTs correctly predicted
cardiac hypertrophy while the tri-MTs failed to indicate hypertrophy.
Mono-, co- and tri-MTs were then exposed to a panel of compounds and
assessed for increased B-Type Natriuretic Peptide (BNP), a known marker
of cardiac hypertrophy. BNP highlighted hypertrophic responses in all
MT models, however MT area increase is restricted in MTs comprising
cardiac fibroblasts. This study shows how using a single organotypic
human derived 3D model per well and automated multiplexed confocal
HCS can enhance the in vitro to in vivo translation of the potential for
drug induced Hypertrophy. However, once cardiac fibroblasts are introduced no hypertrophic responses can be detected with size measurement alone, despite equal general structural cardiotoxicity prediction.

3050 The Transcription Factor HNF4a Is a Central
Resistance in Humans and Mice

W. Abplanalp, S. Konkle, D. Riggs, S. Srivastava, D. Conklin, A.
Bhatnagar, A. Bhatnagar, and T. O’Toole. University of Louisville,
Louisville, KY.
Benzene is a ubiquitous, volatile pollutant associated with hematotoxicity. Benzene metabolism induces oxidative stress, and may generate
inflammation which can precipitate insulin resistance (IR). Yet, little is
known about benzene exposure and cardiometabolic disruption. The
central hypothesis is that inhaled, volatile benzene is metabolized by
hepatic CYP2E1 and induces local and systemic oxidative stress, inflammation and insulin resistance. The association between benzene and IR
was appraised in two studies. The first study exposed male, 12wk old C57
mice to volatile benzene (50ppm x 6h/d x 2wk) and indices of oxidative
stress, inflammation and IR were measured. The second study involved
a nationally representative human cohort with 1500 participants - the
2011/2012 National Health and Nutrition Examination Survey. Levels of
benzene metabolites were regressed against glycemic indices to assess
insulin sensitivity. In our murine study, fasting plasma glucose, fasting
insulin, HOMA-IR levels, and glucose intolerance were significantly
increased and while insulin tolerance decreased after benzene exposure.
Insulin sensitivity was diminished and oxidative stress was increased
in liver and skeletal muscle. Inflammation (i.e. NF-κB phosphorylation)
in the same tissues were increased after benzene exposure. Transcript
levels of MIP1-α, an NF-κB target, were upregulated with SOCS1 expression. SOCS1 competitively inhibits IRS-2 tyrosine phosphorylation,
which was diminished after benzene exposure. These changes in IR
preceded the cytopenias often seen with benzene exposure. Treatment
with the anti-oxidant TEMPOL reversed the benzene-induced effects
on glutathione levels, NF-κB p65 phosphorylation, cytokine and SOCS1
levels, IRS-2 tyrosine phosphorylation and fasting glycemic indices. In
the human cohort, benzene metabolites were positively associated
with elevated fasting insulin, HOMA-IR scores and HbA1c without benzene-induced cytopenias. Exposure to benzene is associated with IR in
humans and mice. These IR changes precede incidence of cytopenias
in the study populations, suggesting that IR may be an earlier, more
sensitive indicator of benzene exposure than hematological disruption.
These results suggest that persistent benzene exposure may be playing
a role in the global diabetes epidemic.

Harris2,
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A.
K.
M.
O. I.
and R.
1Macalester College, St. Paul, MN; and 2University of Arizona,
Tucson, AZ. Sponsor: R. Lantz.
Trichloroethylene (TCE) is a cardiac teratogen that disrupts normal
embryonic heart development at low level and environmental level
exposures in rats, mice and chicks. Human congenital heart defects have
also been linked to TCE exposure. Bioinformatic analysis of microarray
data from chick hearts exposed to 8 ppb TCE, identified Hepatocyte
Nuclear Factor 4 alpha (HNF4a) as the most highly linked molecule in
the TCE interactome. As HNF4a is a transcription factor not previously
identified in the embryonic heart, we examined embryonic chick hearts
for the expression of HNF4a mRNA. Additional embryos were examined for altered gene expression in the presence of TCE or the HNF4a
agonist, Benfluorex by injecting these reagents in ovo during a window
of heart development and TCE sensitivity. HNF4a mRNA was found to be
uniquely and transiently expressed in the embryonic heart during the
developmental stages that coincide with valve formation and myocyte
development. TCE and Benfluorex both altered expression of a series
of developmental markers in the heart including HNF4a, Cytochrome
P-450 2C45 (CYP2C45) and Cytochrome P-450 2H1 (CYP2H1). Although
Benfluorex is identified as a HNF4a agonist at higher exposures, both
Benfluorex and TCE were antagonistic to marker expression at low levels
and similar molarity. Echocardiographic analysis of intact stage 19-20
embryos confirms an effect of TCE (10ppb) on early cardiac function as
cardiac contraction was reduced by 29%. The data shows the expression
of HNF4a during the window of sensitivity to TCE and supports the suggestion that TCE acts on HNF4a to alter critical gene expression during
both valve and myocyte development.
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Target of Trichloroethylene Toxicity in the
Developing Chick Heart

3048 Benzene Exposure is Associated with Insulin

3051 Corticosteroid Disruption by Chronic

BDE-47 Administration Is Associated with
Cardiovascular Pathophysiology in Adult Male
Rats

C. D. Schupbach, and P. G. Kopf. Midwestern University, Downers
Grove, IL.
Polybrominated diphenyl ethers (PBDEs) and their metabolites have
been previously shown to alter various endocrine biosynthetic pathways including thyroid hormone, estrogens, and androgens. The
adrenal gland is one of the primary endocrine organs in which PBDEs
accumulate. Previous work in our laboratory has demonstrated that
BDE-47 increases basal and stimulated aldosterone and cortisol secretion in a human adrenocortical cell line. Based on these in vitro data, a
chronic study in adult rats was conducted. Sprague Dawley male rats (10
weeks of age) were orally exposed to vehicle (DMSO), 10 µg/kg BDE-47,
or 100 µg/kg BDE-47, 5 days per week for 16 weeks. At the end of the
study, various organ weights were measured, plasma was collected for
corticosteroid analysis, and vascular reactivity of mesenteric resistance
arterioles was evaluated. Adrenal weights were significantly increased
in both BDE-47 treatment groups (adrenal weight in g/kg body weight,
vehicle: 0.0934±0.0038, 10 µg/kg BDE-47: 0.1136±0.0053, 100 µg/kg
BDE-47: 0.1175±0.0032, p<0.05). Additionally, heart and left ventricle
weights were significantly increased in the 100 µg/kg BDE-47 treatment
group (heart weight in g/kg body weight, vehicle: 2.7661±0.0369, 100
µg/kg BDE-47: 3.1301±0.0863, p<0.05)(left ventricle weight in g/kg
body weight, vehicle: 2.2049±0.0523, 100 µg/kg BDE-47: 2.5246±0.0656,
p<0.05). There were no significant changes in right ventricle, liver, or
kidney weights. Plasma corticosterone was significantly elevated in the
100 µg/kg BDE-47 treatment group (corticosterone in ng/mL, vehicle:
69.57±14.61, 100 µg/kg BDE-47: 449.43±73.01, p<0.05). While there was
no difference in acetylcholine-induced relaxation in mesenteric arterioles, there was a significant increase in phenylephrine contractions in
mesenteric arterioles from both BDE-47 treatment groups. These data
indicate that chronic BDE-47 exposure results in elevated production
of adrenal corticosteroids and cardiovascular pathophysiology. Blood
pressure telemetry studies are underway to determine if BDE-47 exposure results in hypertension. Future studies will determine if the cardiovascular pathophysiology observed is directly caused by the excess
corticosteroid production in this model of chronic BDE-47 exposure.
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3052 Model Establishment for Cardiovascular

Evaluation Using the Novel Stellar TSE’s Type
PPBTA-XL Telemetry Transmitter in the Vervet
(St. Kitts Green Monkey)

3053 Phenotypic Profiling in Human Primary Cell-

Based Systems Provides Mechanistic Insight into
the Cardiotoxicity of Tyrosine Kinase Inhibitors

E. L. Berg. BioSeek, A Division of Discoverx, South San Francisco,
CA.
Rationale: Tyrosine kinase inhibitors used for oncology indications are
associated with cardiovascular toxicity and patients taking the allosteric
MEK inhibitor, trametinib, develop evidence of cardiomyopathy. We
find that trametinib is active across a panel of human primary cellbased tissue and disease models that include cell models relevant to
vascular dysfunction. It was of interest to determine if analysis of the
activities of trametinib would provide insight into potential mechanisms
of toxicity. Method: The activities of trametinib in this panel were evaluated for relevance to cardiovascular disease mechanisms and the most
relevant biomarker activity found was increased cell surface levels of
serum amyloid a (SAA) in a human primary cell-based model of vascular
inflammation, consisting of coronary artery smooth muscle cells (the
BioMAP CASM3C system), stimulated with a cocktail of proinflammatory
cytokines. SAA is a clinical risk factor for cardiovascular disease. In order
to further characterize the association of increased SAA in the BioMAP
CASM3C system with potential for cardiotoxicity, we analyzed a large
reference dataset, containing more than 4,500 test agents (drugs, experimental chemicals, etc.). This database was searched to identify agents
that increase levels of SAA in the BioMAP CASM3C system relative to
vehicle control, without causing overt cell death. Results: Fewer than
1% of profiles in the database were found to share this activity. In addition to MEK inhibitors, we identified corticosteroids, aldosterone, HDAC
inhibitors, IL-6 Pathway agonists, the selective Bcr-Abl kinase inhibitor
nilotinib, the dual Raf/MEK inhibitor RO-5126766, as well as several
industrial chemicals. Conclusions: Here we describe an in vitro signature, increased SAA in a coronary artery smooth muscle cell model of
vascular inflammation, shared by certain compound classes associated
with cardiovascular toxicity. These data suggest that one mechanism by
which MEK inhibitors, HDAC inhibitors, GR Agonists, and IL-6 pathway
agonists contribute to cardiovascular toxicity is by direct promotion of
vascular dysfunction through SAA within vascular tissues. These mechanistic insights, connecting targets to clinical outcomes through specific
biological processes, may be helpful for developing and testing adverse
outcome pathways for cardiovascular toxicity.

3054 Glucocorticoid Antagonist (Mifepristone)

Treatment: Effects on Autonomic Imbalance in a
Murine Model of Gulf War Illness

A. Banerjee, D. Moddrelle, A. Nisbett, S. Liddie, X. Morton, and M.
Lawrence. RxGen, New Haven, CT.

R. Schmidt, J. Freire Machi, L. M. Salgueiro, M. A. Fletcher, T.
Craddock, and M. Morris. Nova Southeastern University, Fort
Lauderdale, FL.

The use of the St. Kitts green monkey or vervet (Chlorocebus Sabaeus) in
safety pharmacology is not as well documented as other primates, but
is gaining popularity as the importance of a more genetically homogeneous primate species for use in biomedical research is being understood. In this test system we have characterized Stellar TSE telemetry
devices for acquiring left ventricular pressure (LVP), systemic blood pressure (BP), epicardial electrocardiography (ECG) and core body temperature (BT). Advantages of this system include solid state pressure tipped
sensors, the capability of catheters to be designed to any length or diameter, relatively small profile of the transmitter body and long battery
life. In the current study 4 normotensive monkeys were implanted.
An off mid-line laparotomy was performed and the systemic pressure
catheter advanced from the internal iliac to the mid aorta. The transmitter body was anchored to the abdominal wall, a left thoracotomy
performed and the bio-potential leads and LVP catheter were tunneled
to the left thorax. LVP was acquired and the bio-potential leads placed
for epicardial ECG. At designated time points (2 x per month starting at
2 months post-surgery) systemic BP, LVP, HR and ECG parameters were
determined. Fifteen seconds of data were collected every 30 min for a
48 hr period. In an ongoing longitudinal study, the mean for each test
parameter are being calculated for each 48h acquisition session and
subsequently averaged over the in-life duration of the study. Averages
per time point and % change over time are being calculated for each
parameter. The mean systemic systolic, diastolic and pulse pressures
as well as heart rate (from LVP) have been stable and consistent with
expectation. The mean LV systolic, LV diastolic, mean LVP, pulse pressure as well as the heart rate (from ECG) have been slightly higher in
3 of the 4 monkeys at later time points compared to baseline, possibly
due to the use of a larger catheter that may be contacting the ventricular wall, for which reason a smaller catheter model has been designed
for subsequent studies. To date (6 months), the data generated with
the TSE system have been comparable to other telemetry devices and
has further supported the green monkey as an acceptable and reliable
primate alternative for safety pharmacology or combination cardiovascular/toxicology studies.

Background: Heart Rate Variability (HRV) is used for evaluation of the
autonomic nervous system (ANS) in animal and human studies. High
HRV is a sign of health, and efficient autonomic control. Low HRV
indicates a deficient adaptability of the ANS. Gulf War Illness (GWI) is
a debilitating disease involving ANS imbalance. Considering that our
previous study showed a positive effect of mifepristone on cardiac
function in GWI murine model, we decided to examine the effect of the
glucocorticoid antagonist on ANS function. Objective: The goal was to
evaluate the mifepristone effect on ANS function of mice exposed to
Diisopropyl fluorophosphate (DFP) by the non-invasive acquisition of
the ECG for the HRV analysis. Methods: Male B57BL/6J mice were divided
into Control Group (GP), DFP Group (DFP) and DFP+Mifepristone Group
(DFP+MIF). DFP (1.5 mg/kg, s.c.), an organophosphate neurotoxic agent,
was given after 7 days of corticosterone in the drinking water (200
mg/L). Two weeks after DFP, mifepristone (40 mg/Kg i.p.) was injected in
the DFP+MIF group. ECG acquisition was made with a Vevo1100® ultrasound system under isoflurane anesthesia. Three minutes of the ECG
signal were recorded for the HRV analysis. The ECG signal was analyzed
with the Windaq® Software and ECG-R-peaks frequency was detected
to create a time series file containing R to R intervals. Normal to normal
intervals were selected to create a tacogram using the Cardio Series
Software. Results: Data shows a significant increase in LF/HF ratio after
DFP: CG = 0.43 (25th percentile = 0.23; 75th percentile = 1.11) vs DFP
= 1.13 (25th percentile = 0.73; 75th percentile = 1.76). This comportment is due to a significant increase of sympathetic modulation (CG
LFnu = 29.5% vs DFP LFnu = 52%) and a significant decrease of parasympathetic modulation (GC HFnu = 70.5% vs DFP HFnu = 48%) after
DFP exposure. Mifepristone treatment did not reverse these autonomic
effects from DFP exposure: DFP+MIF LFnu = 52% and DFP+MIF HFnu =
48%. Conclusion: The detection of variations in HRV by the acquisition
of ECG is an important means for the early detection of a dysfunctional
ANS. This method permits the development of effective drug therapies aimed to regain autonomic balance in veterans affected by GWI.
However, the mifepristone treatment as proposed in this study did not
reverse the autonomic imbalance caused by DFP exposure.

Illness (GWI): Success in Therapeutic Trial

J. F. Machi2,1,, L. Salgueiro2,1,, R. Schmidt2,1,, M. A. Fletcher2,1,, N.
Klimas2,1,, G. Broderick2, and M. Morris2,1,. 1Miami Veterans Affairs
Healthcare System, Miami, FL; and 2Nova Southeastern University,
Fort Lauderdale, FL. Sponsor: M. Morris.
Background: Diisopropyl fluorophosphate (DFP), is used to produce a
model of Gulf War Illness (GWI), characterized by of neurotoxicity and
neuroinflammation. There is limited evidence on the nature of cardiovascular-autonomic changes associated with DFP. Likewise, there is a
need for therapeutic drugs to treat cardiac dysfunction. Objective: The
aim was to determine the cardiovascular effects of DFP and possible
benefits effects of mifepristone a glucocorticoid antagonist. Methods:
Male mice were divided into three groups: Control (C), DFP (D) and DFP
+ mifepristone therapy (DM). GWI was induced by combined treatment
with corticosterone for 7 days (200 mg/l) followed by DFP exposure (1.5
mg/kg, s.c). Mifepristone (40 mg/Kg, i.p) therapy was administered 2
weeks after DFP exposure. Cardiac function was assessed by transthoracic echocardiography. Results: The low dose of DFP produced left
ventricular dilation, specifically, LV dilation of end systolic area (ESA)
(C: 7.06±071, D: 12.18 ±0.86, DM: 12.13 ±0.81 mm2).Treatment with
mifepristone ameliorated the toxic change produced by DFP (C: 7.50
±0.47; D: 13.60±0.53; DM: 8.68±0.36 mm2). Ejection fraction (EF), fraction
shortening (FS) and cardiac output (CO) were reduced in all DFP groups
after exposure (EF: C: 82.81±3.33; D: 63.77±3.94, DM: 64.39±3.23 %); (FS:
C: 27.16±2.32, D: 19.22±1.84%; DM: 18.94 ±1.32%); (CO: C: 25.40±1.70,
D: 19.02±0.76, DM: 17.79 ±1.15 ml/min). However, EF, FS and CO were
recovered after mifepristone treatment, revealing the efficacy of the
antagonist (EF: C: 83.95±1.56; D: 59.71±2.43, DM: 78.40±1.21 %); (FS: C:
24.31±1.80, D: 15.99±1.49; DM: 25.49 ±1.75 %); (CO: C: 23.37±1.38, D:
18.10 ±0.80, DM: 20.59 ±0.76 ml/min). Myocardial performance index
(MPI) was significantly increased in DFP mice (C: 0.32±0.12; D: 0.39
±0.25, DM: 0.40±0.22); and re-established in the groups that received
therapeutic drug (C: 0.32±0.10; D: 0.45±0.37, DM: 0.35±0.17) suggesting
recovery of function. Conclusion: DFP is a cardiotoxic drug that causes
reduction in CO, EF, FS as well as imbalance on myocardial performance.
The importance of adrenoreceptors in the toxic cascade is documented
by the therapeutic response to mifepristone. This provides evidence for
a treatment avenue of GWI or other possible chronic diseases.

3056 Phthalate Exposure Alters Heart Rate Variability
and Autonomic Balance in Mice

Jaimes1,

R.
A. Swiercz2, M. Sherman1, P. Marvar2, N. Muselimyan2,
and N. Posnack1. 1Children’s National Health System, Washington,
DC; and 2George Washington University, Washington, DC.
 i-2-ethylhexyl phthalate (DEHP) is a chemical additive that is commonly
D
used in US FDA-approved polyvinyl chloride (PVC) medical devices,
including blood storage bags and circuit tubing. Recent epidemiological
studies have shown an association between phthalate exposure and an
increased risk of cardiovascular disease, including hypertension and coronary heart disease. To investigate the direct link between DEHP exposure and cardiovascular dysfunction, we assessed heart rate variability
(HRV) in male C57BL/6 mice over 6 weeks. HRV has previously been
used to evaluate cardiovascular risk, and studies have compared HRV
measurements with Framingham risk score. Mice were implanted with
radiotelemetry transmitters, in order to collect electrocardiogram and
blood pressure signals in freely moving animals. After surgical recovery,
mice were exposed to vehicle control or a clinically-relevant DEHP dose
(400 ng/mL MEHP serum levels, determined by mass spectroscopy).
DEHP-exposed animals had significant decreased in HRV, as measured
by SDNN (-12%) and vagal tone index (-34%, high frequency band). Such
reductions in HRV likely indicate reduced parasympathetic tone. DEHPexposed animals had a greater reduction in mean arterial pressure (70
vs 38 mmHg) following treatment with chlorisondamine, a ganglionic
blocker. The latter is indicative of an increase in sympathetic tone. Taken
together, these studies suggest that DEHP-exposure may alter autonomic regulation of the cardiovascular system. Although we did not
detect a significant difference in systolic blood pressure under resting
conditions, alterations in HRV have been shown to proceed hypertension. Additional studies are needed to fully understand the link between
phthalate exposure, the autonomic and cardiovascular systems.

3057 Use of Cardiomyocyte Models to Investigate the

Effect of Medical Device Polymers on ExcitationContraction Coupling

M. Sherman1, R. Jaimes1, S. Bills1, N. Muselimyan2, N. Sarvazyan2,
and N. Posnack1. 1Children’s National Health System, Washington,
DC; and 2George Washington University, Washington, DC.
Bisphenols are polymers that are commonly used in the manufacturing of US FDA-approved medical products. Exposure to bisphenols
has become a major concern in the clinical environment, particularly
for pediatric patients at a heightened risk of exposure from blood
transfusions, cardiopulmonary bypass or extracorporeal membrane
oxygenation procedures. Recent studies have linked bisphenol exposure with an increased risk of cardiovascular disease, and bisphenol-A
has been characterized as arrhythmogenic using adult cardiomyocyte
models. The objective of this project was to examine the direct effects
of bisphenol-a (BPA), and its replacements bisphenol-s (BPS) and
bisphenol-f (BPF) on excitation-contraction coupling. Specifically, we
assessed the effects of bisphenol polymers on cardiomyocyte calcium
handling, using a range of clinically relevant concentrations (1 nM - 10
mM). Acute exposure did not elicit arrhythmias in cardiac cell preparations; however, alterations in calcium transient duration were observed.
Additional studies are necessary to investigate whether such alterations
in calcium handling hinder mechanical function or elicit delayed after
depolarizations in pediatric models.

3058 Differential Cardiovascular Pathology in

Selected Lineages of Miniature Swine and
Comparison to Human

A. Stricker-Krongrad2, D. Brocksmith1, and G. Bouchard2. 1Sinclair
Bio Resources, Auxvasse, MO; and 2Sinclair Research Center,
Auxvasse, MO.
The miniature swine has been increasingly recognized as a valid
alternative to canine and non-human primates in regulatory toxicity.
Cardiovascular assessments were conducted in Yucatan, Hanford, and
Sinclair minipigs. Data were compared to published measurements of
adult human illustrating similarities or differences. Across the three lineages, heart-to-body weights ratio ranged from 0.41 to 0.50 and were
higher than human (0.42). The geometric corrections for heart rate
adjustment to body size ranged from 215 to 297 and were comparable
to human (241), indicating that heart volume and function were well
adjusted to the reduction in body size. The miniswine hearts showed a
coronary artery distribution comparable to human. The right coronary
internal diameters ranged from 1.44 to 1.79 mm and were comparable
to human (3.9 mm) when adjusted to body surface area (weight range:
10-30 kg). External femoral blood flows at rest averaged 93 mL/min and
were slightly lower than human (260 mL/min) when adjusted to body
size. Electrophysiological heart segments duration (e.g. RR ranged from
360 to 662 msec) and their ratio (QT/RR) were proportional to human
and well-adjusted to body size. Macroscopic lesions were nonexistent.
Histopathology findings were rare and limited to sub-level myocardial
inflammation with low incidence in the Hanford lineage. In conclusion,
the similarities between the cardiovascular systems make these three
lineages of miniature swine suitable animals to model the human counterpart. In addition, the differences will aid investigators select a relevant lineage of miniature swine if specific cardiovascular parameters are
required.

3059 Effect of Environmental Chemical Exposures on
Adult Human Cardiac Progenitor Cell Viability
and Differentiation

K. P. Das, C. Lau, and K. Dreher. US EPA, Research Triangle Park,
NC.
Cell biology has revealed that the adult heart is not a terminally differentiated organ but is capable of generating new cardiomyocytes (CMs)
from cardiac stem cells (CSC) and/or progenitor cells (CPCs) throughout
life. The impact that environmental chemical exposures have on adult
human CPCs, and therefore the adult heart’s cellular generative potential, is unknown. To address this uncertainty a scalable assay using adult
human inducible pluripotent stem cell-derived CPCs is being developed
to determine the effects of various environmental chemicals on their
viability and differentiation. CPC cytotoxicity and differentiation were
determined by quantitative fluorescent analysis (LI-COR Odyssey CLx
Imaging System) using Red Dot1 nuclear and anti-cardiac troponin T
antibody in-cell western staining, respectively. Optimal induction
of CPCs into CMs was obtained by treatment with both Wnt (10 µM
XAV939) and activin/TGFβ (2.5 µM SB431542) inhibitors for 48h (5 - 10%
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3055 Cardiac Function in a Murine Model of Gulf War

cardiac troponin T+ with no treatment vs. 50 - 60% cardiac troponin
T+ with inducers). CPCs were exposed to vehicle controls or triclosan,
bisphenol A, CeCl3 each at 0.125 to 12.5 µM or a saline extract of residual
oil fly ash (ROFA-L) at 0.02 to 20 µg/ml concentrations in the presence
of CPCs differentiation inducers for 48h. CPC cultures were stained with
Red Dot1 and anti-cardiac troponin T at 6 days post-exposure. Exposure
to vehicle (saline or dimethyl sulfoxide) did not affect viability or differentiation of CPCs to CMs. Exposure of CPCs to CeCl3 produced a dose
dependent decrease in their ability to differentiate into CMs with no
effect on cytotoxicity. In contrast to a previous study with murine stem
cells, exposure of adult human CPCs to triclosan, or ROFA-L, led to a dose
dependent increase in CPCs cytotoxicity. Bisphenol A had no effect on
human CPCs cytotoxicity or differentiation to CMs. These results indicate
that a variety of environmental chemicals, at low in vitro concentrations,
can impact adult human CPCs in several ways including decreased viability and\or differentiation to CMs. In addition, there may exist species
and\or developmental differences between current models that assess
the impact of environmental chemicals on CSC or CPC viability or CM
differentiation potential. This abstract does not represent US EPA policy.

3060 Enhancing the Clinical Benefit of Cancer Drugs:
Toxicity As a Therapeutic Target

S. Pettit. HESI, Washington, DC.
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Recent advances in cancer drug therapy have significantly contributed
to survivability in cancer patients. Clinical protocols that are increasingly including more targeted therapies, or leveraging the patient’s
own immune response, are benefiting patients that previously had very
little hope. But, cancer treatment has been an area where we have tolerated toxic liabilities (both acute and delayed effects) more than any
other class of pharmaceuticals. These liabilities include cardiovascular
toxicity, peripheral nerve deficits, cognitive dysfunction, respiratory
disease, and immune-inflammatory reactions. These liabilities come
at incredible cost to the patients (with respect to quality of life as well
as adherence to treatment) and the healthcare system overall. These
effects are not limited to a single drug class, and are associated with
both traditional oncologic therapies as well as novel targeted therapies.
The translational toxicology research community has the opportunity
to benefit patients and survivors with generation of translational data
on biomarkers of toxicity, by defining mechanism of action, and investigating novel dosing and protective strategies. This session will provide
preclinical, clinical, translational, and patient perspectives on the need
to address those liabilities to not only increase survivability, but also
improve post-cancer quality of life.

3061 An Overview of Cancer Drug-Related Toxicity

3063 Balancing Toxicity and Efficacy: Perspective from
a Researcher Who Also Is a Patient

J. Holloway. Independent Consultant, Arlington, VA. Sponsor: S.
Pettit.
This talk will provide a unique perspective on the balance of toxicity
and efficacy from an individual who is both a breast cancer survivor
and a PhD tumor biologist. The presentation will cover the evolving
patient role in risk/benefit discussions, and the opportunities for patient
advocates to provide valuable data and insights on treatment-related
effects on quality of life. The benefits of including patient advocates
in the research and drug development process will be highlighted,
and the importance of including patient-reported outcomes in toxicity reporting, as well as how toxicity affects treatment adherence and
patient desire to alter treatment course, will be addressed. Furthermore,
the ways in which toxicity management strategies adopted by patients
can inform novel preclinical testing strategies will be discussed.

3064 There Are Solutions: Efforts to Mitigate and

Manage Cancer Drug-Related Cardiotoxicities

S. E. Lipshultz. Childrens Hospital of Michigan, Detroit, MI. Sponsor:
S. Pettit.
Cancer therapy liabilities have not been ignored as progress continues
to be made in management and survival for this devastating group of
diseases. We have learned to refine our application of radiation therapy
to minimize collateral tissue damage. Specifically, this presentation will
address progress in the development of accepted cumulative limits
for anthracycline dose to minimize the development of cardiotoxicity.
“Protectant” therapies for the anthracyclines have been developed and
continue to be studied. Translational studies in a range of preclinical
animal models and in vitro assays have identified monitorable serum
biomarkers of doxorubicin induced toxicities, elucidated the protective
pharmacology of dexrazoxane (iron chelation and topoisomerase-II inhibition), provided proof of concept for different dose optimization strategies, and characterized the mechanism of latent doxorubicin-induced
cardiotoxicity (accumulated mitochondrial damage). Cumulatively,
these findings have yielded dramatic changes in clinical dosing practices for doxorubicin, and spurred the use of protective therapies such
as dexrazoxane to enhance antineoplastic efficacy while reducing both
acute and delayed adverse effects. This presentation will provide a high
level overview of the progress that has been made thus far in managing
the cardiac liabilities of cancer therapies through efforts to better define
the toxic mechanism of action of the therapeutic drug. It will specifically cover the speaker’s research on protective co-therapies, dosing,
and basic research studies on anthracyclines used to treat childhood
leukemias, as well as osteosarcomas. It will also challenge us to do more.

C. Cleeland. MD Anderson Cancer Center, Houston, TX.
Targeted and immune-modulating cancer therapies are proving to be
significant advances over historical cytotoxic drugs. Patients who previously would not have survived their disease are surviving for increasingly extended periods of time, and the hope of “cure” is a reality in
some cases. Those advances come at a cost to patients in the form of
acute and chronic toxicities that can significantly undermine an otherwise great benefit. This presentation will provide a brief introduction to
patient-reported symptomatic toxicities associated with contemporary
cancer drugs.

3062 Identifying and Mitigating the Toxic Effects of
Novel Immunotherapies

L. Cappelli. Johns Hopkins School of Medicine, Baltimore, MD.
Sponsor: S. Pettit.
Novel immunotherapy approaches (e.g., anti-CTLA-4, and anti-PD1)
have shown success in treating previously refractory cancers. However,
as this class of therapeutics moves into broader use, the identification
of toxic effects associated with these therapies (both acute and chronic)
continue to emerge. This presentation will address those known and
emerging adverse effects, and will identify opportunities to improve
definition of the underlying biology in order to develop protective therapies or monitoring strategies to protect the patient.

3065 Opportunities, Hurdles, and Networks to Spur

Research on Toxicity as a Therapeutic Target for
Cancer Drugs

S. D. Pettit. HESI, Washington, DC.
This presentation will address both opportunities and challenges
to build a research community focused on improving cancer patient
quality of life as it relates to treatment-induced toxicities. The historical
thresholds for acceptance of liabilities associated with oncologic therapies have come into question by both patients and clinicians, as has
awareness of the personal costs of loss of access to drugs when toxicities
make treatment intolerable or life threatening. The speaker will challenge the audience to consider ways to navigate forward progress and
will share contemporary attempts to instigate research to manage, treat,
and prevent the liabilities of cancer therapies.

3066 Increasing Confidence in Safety Assessment
Decisions: The Inclusion of Metabolism in
Toxicity Testing Strategies

M. Yoon. ScitoVation, LLC,, NC.
Numerous international research programs are attempting to improve
efficiency and human relevance in chemical safety assessments. A fundamental change occurring in toxicity testing to this end is the use of
human cell-based in vitro assays, in conjunction with emerging predictive computational tools, to move away from animal-based risk assessment strategies and toward safety assessments. Available in vitro and in
silico methods are emerging, but require considerable improvements to
increase predictivity of in vivo effects in response to chemical exposures.

3067 Predicting Human Metabolism Using a

Combination of In Vitro Experimental and
Computational Modeling Approaches to Support
Chemical Safety Decisions

M. Yoon, M. Phillips, J. Enders, D. Billings, P. Balbuena, and H.
Clewell. ScitoVation, LLC, Research Triangle Park, NC.
Advanced, fit-for-purpose culture models can support the move
towards predominately relying on in vitro test methods for safety assessments. The new challenge is relating in vitro dose-response relationships
to human safety predictions and for that, consideration of kinetics and
metabolism is critical. To achieve this goal, one option is to recapitulate
in vivo exposure profiles in the culture as closely as feasible. Alternatively,
in vitro-in vivo differences in kinetics can be addressed by computational
modeling, the process known as quantitative in vitro to in vivo extrapolation. Our aim is to design an advanced metabolism system that can
reproduce human metabolism profiles in vitro. A flow-based 3D culture
for hepatocytes based on alginate hydro-gels (referred as “liver bioreactor”) has been optimized for our purpose to reproduce realistic exposure profiles in vitro. With human primary hepatocytes, the bioreactor
was characterized for xenobiotic enzyme expressions and their activities.
Our results indicated that both the 3D and dynamic culture conditions
are critical for long term maintenance of the metabolic competence.
Rearrangement and repolarization of hepatocytes into micro-tissues
were observed within the beads with bile canaliculus-like structures 3-4
days after encapsulation, which appears correlated with the degree of
metabolic competence. Both phase I and II enzyme expression levels
returned to a level comparable to freshly isolated cells around 7 days,
showing promises in human metabolism prediction. In general, phase
II enzymes including UGT, SULT and carboxylesterases recovered faster
than phase I enzymes. Among the phase I enzymes, CYP2C9, 1A2, and
2D6 showed a faster recovery than CYP2E1 or 3A4. Currently, we are
applying the bioreactor to conduct non-targeted metabolite identification for a few proof of concept compounds including warfarin, coumarin, and parabens together with a computer-aided structure-elucidation software. Once acquired for a broad range of chemicals, these
data can be used to improve in silico metabolism prediction tools. Our
work shows the work-flow to incorporate human metabolism based on
the metabolically competent advanced in vitro systems along with computational tools to provide critical and necessary supports required to
increase confidence in in vitro-based safety decisions.

3068 Complementing In Vitro Screening Assays with
In Silico Molecular Chemistry Tools to Examine
Potential In Vivo Metabolite-Mediated Effects

C. Y.-M. Tan1, J. Leonard2, C. Stevens1, K. Mansouri2, A. Richard1,
and G. Patlewicz1. 1US EPA, Research Triangle Park, NC; and 2US
EPA/Oak Ridge Institute for Science and Education, Research
Triangle Park, NC.
High-throughput in vitro assays offer a rapid, cost-efficient means to
screen thousands of chemicals across hundreds of pathway-based toxicity endpoints. However, one main concern involved with the use of
in vitro assays is the erroneous omission of chemicals that are inactive
under assay conditions, but that can generate active metabolites under
in vivo conditions. To address this potential issue, a case study will be
presented to demonstrate the use of in silico tools to identify inactive
parents with the ability to generate active metabolites. This case study
used the results from an orthogonal assay designed to improve confidence in the identification of active chemicals tested across 18 estrogen
receptor (ER)-related in vitro assays by accounting for technological limitations inherent within each individual assay. From the 1,812 chemicals tested within the orthogonal assay, 1,398 were considered inactive.
These inactive chemicals were analyzed using Chemaxon Metabolizer
software to predict the first and second generation metabolites. From
the nearly 1,400 inactive chemicals, over 2,200 first-generation (i.e.,
primary) metabolites and over 5,500 second-generation (i.e., secondary)
metabolites were predicted. Nearly 70% of primary metabolites were
immediately detoxified or converted to other metabolites, while over
70% of secondary metabolites remained stable. Among these predicted
metabolites, those that are most likely to be produced and remain stable
were then inputted into a consensus model, using the 1,812 chemicals
from the orthogonal assay as a training set, to predict ER binding and
potency. The consensus model predicted a significantly lower number
of active secondary metabolites, compared to active primary metabolites. This in silico approach enriches and complements in vitro methods,
allowing for more accurate and efficient prioritization of chemicals
based on hazard, through identification of inactive parents that could
potentially generate active metabolites in vivo. Disclaimer: Although this
work was reviewed by US EPA and approved for publication, it may not necessarily reflect official Agency policy.

3069 Incorporating Improved Physiological

Relevance, Xenobiotic Metabolism, and DataRich Assay Approaches into Tox21 (Phase III)

S. Ferguson, and S. Ramaiahgari. NTP, NIEHS, Research Triangle
Park, NC.
The Tox21 Program has screened thousands of chemicals for their
potential to modulate individual molecular targets and cellular pathways (i.e., nuclear receptors, cellular stress). However, to date these
screens have largely employed de-differentiated cancer cell models that
poorly reflect tissue architectures/functionality, lack integrated pathway
responses to xenobiotic exposure, and are considered deficient in xenobiotic metabolism competence. Substantial progress has been made in
the prediction of human drug metabolism and drug-drug interactions
with highly differentiated cells (e.g. primary hepatocytes) mimicking tissue-like cellular organizations which has been further extended (i.e., longevity and state of differentiation) with the recent emergence of three
dimensional (3D) culture models. As part of Phase III of Tox21, we are
beginning to develop and apply these types of emerging technologies
that include in silico QSAR models, in vitro screening models (i.e., 3D),
data-rich assay platforms (i.e., transcriptomics), and translational extrapolation approaches that relate in vitro response data to humans. In this
presentation, we present our progress in these areas and their application NTP research that include: 1) evaluation of phytoequivalence and
human liver enzyme inducibility with 29 lots of ginkgo biloba extract
in sandwich cultures of primary human hepatocytes; 2) development
and characterization of a novel 3D HepaRG spheroid screening platform
that achieves (and maintains for multiple weeks in culture) physiologically-relevant levels of drug metabolizing enzymes; and 3) application
of various in vitro liver models using a novel high throughput transcriptomics platform (~2800 transcripts) to explore tissue functionality
in response to 104 compounds in concentration-response. These data
demonstrate the utility of the Tox21 Phase III approach to improve physiological relevance, model human liver tissue, and cover a broader biological space, reduce costs, and provide quantitative translation of in
vitro response data to humans.
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In addition, accurate characterization of the chemical exposure profiles
in culture models is critical to make risk-based decisions using these new
in vitro tools beyond hazard characterization. Biokinetics, metabolism in
particular, has to be addressed to increase our confidence in risk-based
decisions using animal-free, cell based toxicity assays on potential risks
of chemical exposure to human safety beyond hazard characterization.
This session will highlight the importance of considering metabolism
and biokinetics and discuss the strategies to best incorporate kinetics
and metabolism into the in vitro-based safety testing framework. The
first presentation will cover the recent advances in in vitro hepatocyte culture and computational modeling approaches to improve the
predictivity of human metabolism. A few applications and examples
of these advanced in vitro and in silico tools will be presented in the
context of human safety assessment. The importance of addressing
metabolite-mediated effects to ensure confidence in high throughput
screening-based prioritization will be demonstrated through a case
study on the application of in silico molecular tools to complement in
vitro screening assays. The case of the estrogen receptor binding and
potency assays will be presented. An update will follow on the research
efforts currently being made in the Tox21 program to address xenobiotic metabolism under higher throughput assay platforms. The audience will then have an opportunity to learn about the case study results
highlighting the importance of considering metabolism to improve the
predictive power of in vitro toxicity assays, as well as the work-flow of
using metabolism and biokinetics in the integrated testing strategies.
Critical needs and challenges in integrating biokinetics and biodynamics in repeated exposure studies in vitro will be presented based on
the outcomes from recent EU research efforts.

3070 In Silico Predictions and In Vitro Experimental
Results of Toxicity as Part of an Integrated
Testing Strategy

B. Blaauboer3, M. Dingemans3, H. Clewell2, and E. Rorije1. 1RIVM,
Bithoven, Netherlands; 2ScitoVation, LLC, Research Triangle Park,
NC; and 3Utrecht University, IRAS, Utrecht, Netherlands.
There is a need to develop toxicity testing strategies that do not rely on
animal models. As part of such strategies, this presentation describes
the use of in silico models for qualitatively predicting the relevant in
vivo toxicity endpoints for a group of 17 chemicals. Three software
models Derek, TOPKAT, and the OECD QSAR Toolbox were employed to
predict potential toxicity endpoints, and/or most critical target organs.
Collectively, the 17 chemicals in our study gave a total of 31 relevant
endpoints or toxicity targets in vivo. These endpoints and targets were
subsequently compared with the critical in vivo toxicity endpoints in
animal studies as described in toxicity data bases and/or in the relevant
literature. The results showed that only 12 of the 31 in vivo observed
critical endpoints were correctly predicted by the software models. One
reason for the lack of complete coherence between the in silico predictions and the in vivo toxicities is the possible formation of bioactivated
metabolites. A prediction of relevant biotransformation products, also
on the basis of software models - Meteor and the OECD QSAR Toolbox resulted in an increase in the correctly predicted critical endpoint from
12 to 17. The overall results show that a number of toxic endpoints are
not well-covered in the in silico models, viz. neurotoxicity, cardiovascular
toxicity (underpredicted), and skin sensitisation (overpredicted). Based
on these results, a selection was made of the appropriate in vitro systems
for estimating toxic concentrations for the predicted endpoints. These
quantitative data will be the basis of an in vitro to in vivo extrapolation. A
rationale for the selection of in vitro systems will be presented.

3071 Consideration of Biokinetics and Metabolism in
Repeated Dosing In Vitro Toxicity Assays

E.
E. Consiglio1, N. Kramer2, and B. Blaauboer2. 1Istituto
Superiore di Sanità, Rome, Italy; and 2Utrecht University, IRAS,
Utrecht, Netherlands. Sponsor: M. Yoon.
Testai1,
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The nominal concentration is traditionally used to correlate in vitro
exposure and effects, but it is not necessarily similar to the actual target
site dose especially in repeated dose studies. A strategy was developed during the EU FP7 Predict-IV project to determine the actual in
vitro cell exposure in renal, hepatic and brain cell models daily dosed
with drugs for 14 days showing that the knowledge of in vitro biokinetics allows for a mechanistic understanding of in vitro toxicity. When
15µM CyclosporineA (CsA) was applied to RPTEC/TERT1 human kidney
cells, major kinetic alterations were observed over time, reflected in
the increased uptake half time (0.38h vs 2.9h on day0 vs day13), and
in an abrupt non-linear CsA accumulation in cells, while the kinetics in
the supernatant remained similar. A low intracellular CsA uptake, no
bioaccumulation or metabolism were seen in brain models; in hepatic
cells CsA accumulation was observed only in primary rat hepatocytes
(PRH) over 14 days, whereas human primary hepatocyte (HPH) and
HepaRG cells significantly metabolized CsA, with no bioaccumulation.
Amiodarone (AMI) bioavailability was influenced by adsorption to the
plastic (up to 35%) and the presence of protein in the medium (e.g. 10%
serum protein reduced the uptake by half in HepaRG cells). A dynamic
equilibrium was reached in about a week after AMI multiple dosing,
but the metabolic clearance was higher in HepaRG cells than in PHH:
the much higher intracellular levels of its major metabolite MDEA were
associated with phospholipidosis, not observed in PHH. Monitoring the
concentration-time profiles of ibuprofen (IBU) in exposure medium only
would not have picked-up the difference in uptake and metabolic clearance rates between the three hepatic models. The need to measure the
intracellular concentration was confirmed by using a physiologically
based human kinetic model. The results also indicated that the fraction
freely diffusible in the liver is several times higher in vitro than in vivo,
possibly attributable to the difference between protein binding in vivo
(99.9%) and in vitro (nearly zero with no fetal calf serum used). Possible
in vitro/in vivo differences in the tissue concentration which may occur
due to differences in experimental conditions should be considered
when extrapolating from in vitro to in vivo liver toxicity.

3072 Novel In Vitro and In Silico Platforms for

Modeling Developmental and Reproductive
Toxicity

T. B. Knudsen. US EPA, Research Triangle Park, NC.
Recent progress in systems toxicology and synthetic biology have
paved the way to new thinking about in vitro/in silico modeling of developmental processes and toxicities, both for embryological and reproductive impacts. Novel in vitro platforms, such as 3D organotypic culture
models, engineered microscale tissues, and complex microphysiological systems (MPS), together with computational models and computer
simulation of tissue dynamics, lend themselves to integrated testing
strategies for predictive toxicology. As these methodologies continue
to evolve, for the purposes of effects assessment, they must be integrally tied to maternal/fetal physiology and toxicity of the developing
individual across early life stage transitions, from fertilization to birth,
puberty, and beyond. This symposium will focus on how the novel
technology platforms can help now and in the future, with in vitro/in
silico modeling of complex biological systems for developmental and
reproductive toxicity issues, and translating systems models into integrative testing strategies. The symposium is based on three main organizing principles: (1) that novel in vitro platforms with human cells configured in nascent tissue architectures with native microenvironments
yield mechanistic understanding of developmental and reproductive
impacts of drug/chemical exposures; (2) that novel in silico platforms
with high-throughput screening (HTS) data, biological models of
complex adaptive systems, and chemical structure information, yields
predictive understanding of developmental and reproductive impacts
of drug/chemical exposures; and (3) that a combination of technologies
is necessary for analytical (to understand) and theoretical (to predict)
application for probing the relevant biological processes and toxicological mechanisms to inform safety assessments. After a brief introduction, the first two presentations will cover reproductive issues: a
novel MPS to recreate the ovarian axis in vitro using iPSC technology
in a linked microfluidics environment that provides a 3-dimensional
support system mimicking the complexity of human in vivo physiology;
and pathway-based computational models that integrate HTS data from
orthogonal assays to measure nuclear hormone receptor pathways
and performance-based approaches to appropriately validate them for
regulatory decision-making. The second two presentations will cover
embryological issues: a novel in vitro platform (Brain MAPs) designed
and synthetically engineered to instruct morphogenesis from human
neural stem cells (hNSCs) and print microscale arrays of organoids for
phenotype-specific, quantitative high-throughput developmental neurotoxicity studies; and computer models structured to simulate complex
cell signaling networks in a heuristic framework that translates ToxCast
HTS data into predictions of developmental toxicity. The final presentation will address the integration of results from novel in vitro/in silico
models with chemical/exposure information for developmental and
reproductive safety assessment. Models combining in vitro data from
synthetic human tissue architectures, coupled with in silico models
inspired by biological understanding from animal studies, yield mechanistic understanding of developmental and reproductive impacts of
drug/chemical exposures. A combination of in vitro/in silico approaches
is necessary for predictive understanding of toxicological processes and
informing safety assessments

3073 Microphysiological Modeling of the Female
Reproductive Tract

S. Xiao. University of South Carolina, Columbia, SC.
Preclinical toxicity testing often begins with individual cells cultured
through weekly reduction divisions and maintained on flat plastic.
However, these cells are missing the cell physicochemical microenvironment, three-dimensional tissue specific architecture, and blood flow
perfusion found in natural tissues, and typical static culture does not
integrate cell-cell and endocrine signals into signaling pathways. On the
other hand, early testing of environmental and pharmaceutical chemicals in females is more challenging than in males because of complications introduced by hormone changes throughout the menstrual cycle
and pregnancy. This talk will address the establishment of ex vivo human
female reproductive tract and the 28-day menstrual cycle, and pregnant-like hormone control, by integrating multiple tissues in a microphysiologic, dynamic, and microfluidic culture system. The integrated
reproductive tract in the microfluidic platform enables organ-organ
interaction, and provides a powerful new in vitro tool for evaluating the
reproductive toxicity of both pharmaceutical and environmental chemicals.

Developmental and Reproductive Toxicities

N. C. Kleinstreuer. NIEHS, Research Triangle Park, NC.
Mandated testing of thousands of chemicals to identify those that may
disrupt endocrine signaling and result in developmental or reproductive toxicity would cost millions of dollars and take decades to complete using traditional animal-based tests. Alternative methods using
high-throughput screening (HTS) and computational toxicology technologies, such as those developed in the ToxCast/Tox21 screening
programs, are now being used to rapidly and inexpensively identify
potential endocrine bioactive chemicals. Pathway-based computational
models integrate HTS data from orthogonal assays that measure key
events such as nuclear hormone receptor binding, dimerization, transcription, and proliferation. To use these novel pathway-based models
in a regulatory context, these methods must be appropriately validated
for their intended purpose using a performance-based approach. A key
step in this process is curating high-quality data to define relatively
large sets of reference chemicals that include a range of structures and
potencies. Such performance-based evaluations have been successfully applied to ToxCast/Tox21 models of estrogen receptor (ER) and
androgen receptor (AR) bioactivity. To interpret these and other mechanistic events in a biological framework that includes both bioactivity
and potential adverse in vivo outcomes, efforts are underway to establish reference chemicals for additional developmental and reproductive endpoints and map these to adverse outcome pathways. Further,
experimental reverse toxicokinetic measurements are being used to
parameterize models for in vitro to in vivo extrapolation to assess assay
predictivity against reference chemicals with demonstrated adversity in
vivo. These efforts can be used to validate additional in vitro assays and
pathway-based models, and for some chemical classes, HTS assays, and
computational models may be adequate to predict more apical developmental and reproductive effects.

3075 Brain Model for Analysis of Developmental
Pathways

R. S. Ashton. University of Wisconsin, Madison, WI. Sponsor: T.
Knudsen.
Brain Model for Analysis of Developmental Pathways (Brain MAPs) is
a novel high-throughput screening platform for evaluating developmental patterning and differentiation of the neural tube in a human cellbased system. The platform is designed and synthetically engineered to
recapitulate the diversity of cells and tissues within the human embryonic central nervous system (CNS), while still being sensitive enough to
detect embryo-fetal toxicity that follows from cell-specific disruption by
drug/chemical exposure (e.g., aberrant retinoid signaling). The platform
utilizes engineered, chemically-defined culture systems to reproducibly
instruct in vitro morphogenesis of CNS tissues from human neural stem
cells (hNSCs). The hNSC tissues are patterned with stable expression
of diverse, region-specific transcription factors to create a tissue array
comprised of cell phenotypes found throughout the human embryo’s
rostrocaudal and dorsoventral neuraxis. Brain MAPs enables characterization of the developing human CNS’s temporal responses to physiological signals, chemicals, and environmental factors. Moreover, microscale
CNS tissues can be printed as arrays of organoids reflecting biomimetic
cytoarchitecture to establish a pipeline for phenotype-specific, quantitative high-throughput developmental neurotoxicity studies. Specifically,
our progress in deriving hindbrain and spinal cord tissues and inferring their governing regulatory signaling networks from a correlated
RNA-seq database will be discussed.

3076 Computer Simulation of Developmental
Processes and Toxicities

T. B. Knudsen. US EPA, Research Triangle Park, NC.
Standard practice for assessing developmental toxicity is the observation of apical endpoints in pregnant rats/rabbits following exposure
during organogenesis. Recapitulating the complexity of embryogenesis poses a challenge for the translation of high-throughput screening
(HTS) data, captured by ToxCast/Tox21 in human cell-based assays, into
predictive models of developmental toxicity. The devTOX quickPredict
platform (Stemina) is an in vitro human pluripotent stem cell-based
assay used to assess a wide range of chemicals for potential developmental toxicity. Using this assay, we screened 1066 ToxCast chemicals
for an exposure-based potential for developmental toxicity (pDT) and
entered the data into the ToxCast pipeline (tcpl). Performance models
range from 87-91% balanced accuracy for reference compounds and
positive calls on ~180 chemicals. Utilizing an open source CompuCell3D.
org modeling platform, we constructed cellular agent-based models

from the known biology of several different embryological systems.
These computer models recapitulate complex signaling networks and
simulate critical developmental transitions (and defects), including:
VEGF-mediated angiogenesis (angiodysplasia), androgen-mediated urethral closure (hypospadias), TGFb-mediated tissue fusion (cleft palate),
and retinoid-mediated limb outgrowth (ectrodactyly). The simulation
models are numerically responsive to perturbation, hence amenable
to various computational methods of data processing for translating
chemical effects data into quantitative prediction models. Together
with exposure-based methods, these heuristic models translate data
from in vitro profiling into system-specific developmental toxicity at
various stages of embryogenesis. This work does not reflect US EPA policy.

3077 Combining Cheminformatics and In Vitro/In Silico
Models for Developmental and Reproductive
Toxicity Assessment

G. P. Daston. Procter & Gamble Co., Cincinnati, OH.
Read-across (i.e., the use of chemical analog data to infer the toxicity
of an untested compound) is by far the most widely used alternative
method in safety assessment. We have developed a number of in silico
tools for identifying analogs, including a decision-tree for developmental and reproductive toxicity (DART) that identifies whether there
are precedents in the literature for DART based on chemical structure.
The tree is also organized by putative mode of action, to the extent
possible. The tree is useful for identifying analogs as a starting point
for read-across; however, assumptions that analogous chemicals have
comparable biological activity need to be tested. There are a variety
of strategies for verifying comparable biological activity, such as HTS
assays for specific biological pathways, targeted toxicogenomics, integrated systems such as zebrafish, or higher order computational or in
vitro models. These latter approaches are especially applicable for chemistries for which there are few analogs that have been tested in animal
models. Case studies using a combined cheminformatic and in vitro
approach will be presented. This integrated approach has the potential
for immediate application for DART safety assessment.

3078 Anesthetics, Analgesics, and Ionizing Radiation:

Balancing Utility and Safety in Pregnant Women,
Infants, and Children

H. Viberg. Uppsala University, Uppsala, Sweden.
Use of anesthesia, analgesia, and ionizing radiation (IR) in pregnant
women, neonates, toddlers, and children is sometimes necessary therapeutically, surgically, or to relieve pain and/or painful procedures.
Despite safety concerns, to refrain from use of these agents may be
unethical, inhumane, and potentially harmful to normal development.
Yet, accumulating data from animal models have recently shown that
exposure to anesthetic and analgesic agents, such as ketamine, sevoflurane, and paracetamol, during critical periods of development causes
neurotoxicity, manifested as neuronal cell death, synaptic remodeling,
and altered morphology of the developing brain, and subsequently
result in long-term deleterious effects, including cognitive deficits.
Possible mechanisms of action for these functional effects include
changes in several different systems, for example GABAergic neurons,
NMDA-receptors, endocannabinoid system, and neurotrophic factors,
and in different parts of the brain, e.g. hippocampus and cerebral
cortex. Despite these agents being physically and chemically different,
developmental neurotoxic effects have similarities. Also, IR has been
proposed to induce developmental neurotoxic effects, during early
postnatal development, both in humans and in experimental animals.
These behavioral effects are similar to those induced by anesthesia and
analgesia, when exposure occurs during a critical period of perinatal life.
Furthermore, IR can interact with ketamine in the induction of developmental neurotoxicity, making it important to find ways to prevent
these effects, and some compounds, e.g. melanin and clonidine, have
been put forward to have these effects. Because of the necessity of anesthetics and analgesics, millions of children are exposed to these agents
on an annual basis worldwide, with 5 million episodes of anesthesia
yearly in the United States alone. The results from animal models are
corroborated by epidemiological studies indicating neurotoxic effects,
including delayed motor development and increased risk for developing attention-deficit/hyperactivity disorder (ADHD)-like behavior
problems or hyperkinetic disorders (HKDs) in children, after developmental exposure to the analgesic agent paracetamol (acetaminophen).
This is a multidisciplinary session and attendees will gain knowledge
about functional defects observed in humans and experimental animals,
as well as possible mechanisms of action, common and specific, behind
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3074 Pathway Based Models to Predict

these developmentally induced disorders. Fundamental researchers,
clinicians, and regulators will be informed of the full spectrum of anesthetic/analgesic-induced developmental neurotoxic effects in animal
models, and early data gathered from epidemiological studies in children.

3079 Epidemiological and Experimental Findings
Concerning Developmental Exposure to
Anesthetic Agents

V. Jevtovic-Todorovic. University of Colorado School of Medicine,
Denver, CO. Sponsor: H. Viberg.
A general overview of the field of the use of anesthetics and analgesics
in humans: Special emphasis on their necessity and safety in clinical use.
What are anesthetics and analgesics, how do they act, how do we use
them in the clinic and at home, and what doses are being used? The
main groups of anesthetic agents will be described, and their anesthetic
and analgesic mechanisms of action summarized, including effects on
e.g. GABAergic neurons, NMDA-receptors, endocannabinoid system,
and apoptosis, to provide a background for fundamental researchers,
clinicians, and regulators. These mechanisms will be coupled to the
context of epidemiological studies, showing developmental neurotoxic
effect of some agents, e.g paracetamol, but no effects of other agents,
eg. ibuprofen. Furthermore, focus will be directed to certain agents, e.g.
melatonin and clonidine, and their protective characteristics concerning
developmental neurotoxicity of anesthetics. This provides an important
bridge between clinicians, fundamental researchers, and regulators,
highlighting areas where new research is needed.

3080 Developmental Neurotoxic Effects of

Paracetamol (Acetaminophen) in an Animal
Model

G. Philippot, and H. Viberg. Uppsala University, Uppsala, Sweden.
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Analgesic agents are necessary in pain treatment in pregnant women,
as well as in newborns and toddlers, suffering from mild to severe illnesses and injuries. Paracetamol is one of the most commonly used
analgesic agents, both clinically and at home. However, possible negative effects from developmental exposure are poorly explored. Here
we present results on the consequences of developmental exposure to
paracetamol in mice and examine a time-window during brain development for the induction of adverse effects. Mice exposed to clinically relevant paracetamol doses (30 + 30 mg/kg bw, 4 h apart) on postnatal day
10 showed dose-response related alteration in spontaneous behavior
and deficits in habituation capability when introduced to a novel home
environment in adulthood. These mice also showed impaired cognitive function and failed to exhibit paracetamol-induced anti-nociceptive
and anxiolytic effects as adults. Furthermore, males and females were
affected in the same way, and it was also evident that these effects could
only be induced during a defined period of the late brain development.
Mechanisms behind these behavioral alterations in adulthood may
be due to changes in BDNF levels, and gene expression analyses also
revealed changes in transcript levels of BDNF receptor TrkB in the hippocampus. The doses used in these studies are comparable to actual doses
used in the clinic and self-medication at home, which is interesting in
light of recent epidemiological studies showing association between
developmental exposure to paracetamol and neurobehavioral deficits
later in life. In addition, we showed that developmental exposure to
ibuprofen (3-75 mg/kg bw) did not result in the same developmental
neurotoxicity in this animal model, whereas mice neonatally exposed to
two different CB1R agonists (Δ 9-tetrahydrocannabinol (THC) and WIN
55,212-2) displayed similar deficits as mice exposed to paracetamol,
which is interesting since paracetamol has a known interaction with the
endocannabinoid system. This provides toxicologists with new insights
concerning the neurotoxicity of analgesics, and contributes valuable
information to clinicians and regulators about risks and benefits of use
of different analgesic agents.

3081 Interaction between the Anesthetic Agent

Ketamine and Gamma-Radiation Exacerbate
Neurotoxicological Defects

S. Buratovic, and P. Eriksson. Uppsala University, Uppsala, Sweden.
Ionizing radiation (IR) is widely used in the medical field for treating
tumors, and for imaging techniques such as computed tomography
(CT). Ketamine is an anesthetic agent used in children undergoing
repeated anesthesia in radiotherapy, but also commonly used as a sedative agent in pediatric patients during diagnostic imaging procedures.

In neonatal mice, low doses of gamma radiation (within CT-scan range
50-200 mGy) and the anesthetic agent ketamine (doses from no to mild
sedation, 5-50 mg) can induce and exacerbate developmental neurotoxic effects manifested as: defective spontaneous behavior in a novel
home environment; lack of habituation; reduced learning and memory
abilities. Furthermore, cerebrocortical levels of synaptophysin and tau
protein were elevated in adult animals showing impaired behavior and
cognitive function, following neonatal co-exposure to clinically relevant
doses of IR and ketamine. These effects were seen at doses where the
single agents did not have any impact on the measured variables. The
data presented will demonstrate to toxicologists, clinicians, and regulators that totally different agents can interact to create a more severe
neurotoxic response than the individual agents alone. In addition, these
studies add insights about safe dose regimens in the use of anesthetic
and sedative agents in combination with radiological methods used in
diagnostics, imaging, and therapy.

3082 Pathways to Anesthetic-Induced Neurotoxicity
and Prevention in the Developing Nervous
System

W. Slikker. US FDA/NCTR, Jefferson, AR.
Frequently used anesthetics have either NMDA-type glutamate receptor
blocking or GABA receptor enhancing properties. A growing body of
evidence supports the hypothesis that exaggerated intracellular Ca2+
accumulation and mitochondrial dysfunction is a common pathway
leading to neuroapoptosis following anesthesia in the developing
animal. A variety of antioxidants and mitochondrial protectors such as
acetyl-L-carnitine (ALC) have been demonstrated to ameliorate anesthesia-induced developmental toxicity both in vitro and in vivo. The most
recent data generated in multiple animal models and stem cells will be
compared against the existing clinical data derived from studies in children. Together, these data support the hypothesis that oxidative stress
and mitochondrial dysfunction is a common pathway to anesthetic-induced neurotoxicity during development, and that decreasing oxidative
stress provides a promising pathway to prevention of neurotoxicity. This
presentation will provide a broad coverage of the mechanistic background and new leads into mechanisms behind anesthetic-induced
neurotoxicity for toxicologists, and also suggest possible strategies
(including antioxidants and mitochondrial protection) to clinicians concerning neurotoxicity prevention pathways in pregnant women, neonates and children.

3083 Panel Discussion
T. W. Jones. Eli Lilly and Company, Indianapolis, IN.
Suggested points of discussion: 1. What are the clinical implications of
the present results? 2. How can we make use of results/knowledge generated in academic research? 3. Are there safety strategies to neurotoxicity prevention pathways in neonates? 4. What questions remain and
what have we learned about the safety assessment strategies for anesthetics/analgesic agents? 5. What do we have to focus on for the future?

3084 Data Standardization Across ‘Omic Platforms in
Regulatory Toxicology

W. Tong. US FDA/NCTR, Jefferson, AR.
Molecular events associated with the effects of chemical, biological, and
physical agents on biological systems can be globally determined using
‘omic high-throughput technologies. These technologies are playing a
major role in the generation of new knowledge and understanding in
mechanisms of toxicity. However, use and application of these technologies has been slower in hazard identification and regulatory risk
assessment. This slow uptake has been associated with technical issues
of data quality and reproducibility. Although such challenges still exist,
the main challenge now is achieving consistency in data processing
and biological interpretation. Consistent methods and agreed frameworks and processes for collection/curating, processing, analyzing, and
interpreting data are paramount to support regulatory assessments.
Consensus amongst stakeholders including industry, academia, and regulatory agencies on this issue will provide guidance and confidence on
how ‘omic technologies can be applied in regulatory decision-making.
To that end, this workshop will propose transparent frameworks and
suitable processes to provide a baseline and confidence on the application of ‘omics in regulatory decision making, with a specific emphasis
on data analysis and interpretation in risk assessment. Challenges and
issues in the regulatory application of ‘omic data will be addressed in the
context of status and future direction for developing objective protocols

3085 Towards Developing a Framework for Using
New Technologies in Next Generation Risk
Assessment and Decision Making

A. Poole. ECETOC, Brussels, Belgium. Sponsor: W. Tong.
As chemical risk assessment moves forward from relying mainly on
information derived from rodent toxicology studies towards mechanistic understanding of molecular pathways underlying toxicity, there
is a need to establish consistent and standardized frameworks built
on suitably simple practices and processes for generating, managing,
analyzing, and interpreting data from ‘omic technologies. While it
is probably impossible to be as prescriptive, as in the classical OECD
GLP regulation, there is nevertheless a need to develop frameworks
built on agreed standardized operating procedures and best scientific
practices that provide sufficient confidence and acceptance for decision making. Such frameworks and guidance will follow a step-by-step
approach describing how raw data are stored and remain available
for analysis; how data should be analyzed; and how information can
be applied in a quantitative weight-of-evidence (QWoE) approach providing confidence and consistency in decision making. While a number
of approaches have attempted to define differentially expressed genes
or indeed pathways (e.g., MAQC), there is still a need to examine critically bioinformatics methods to develop workable frameworks based on
best practices. ECETOC has gathered experts from industry, academic,
and regulatory communities, to develop guidance and frameworks for
establishing confidence in using findings from ‘omic technologies in
chemical safety assessment and decision making. The purpose of this
presentation, as well as this workshop, is to propose workable frameworks providing scientific robustness and regulatory utility, giving adequate time for audience feedback on the proposals.

3086 Quality Assurance of ‘Omics Technologies
Considering GLP-Like Requirements

B. v. Ravenzwaay. BASF SE, Ludwigshafen, Germany.
‘Omic technologies have been of increasing importance to support regulatory non-clinical GLP studies, and to contribute to the risk assessment
of chemical substances. To increase the likelihood that ‘omic data are
used/accepted in a regulatory context, it is necessary to consider how
such studies can be performed in accordance with GLP (-like) principles.
A GLP (-like) environment comprises a standard operating procedure
system, proper pre-planning and conduct documentation, inspections
of study plan, experimental phase, and reports by an independent
quality control unit. The definition of actual raw data will be different
for the respective technologies (e.g. transcriptomics, proteomics, and
metabolomics), but must include the safe guarding of unchangeable
original data. Further requirements include transparent and reproducible data processing steps, as well as safe data storage and archiving
procedures. Software used for data recording and processing should
be validated, and data changes should be traceable (audit trail) or disabled. Particular challenges to fulfill GLP requirements are likely to be
associated with (1) complete reproducibility of final results with respect
to raw data; (2) transparent description of data processing steps; and (3)
software validation/audit trail function. It is anticipated that the requirements described above can be resolved at least as GLP-like as possible
if not in a fully GLP-compliant way as done currently for “traditional”
non-clinical safety study types.

3087 Transcriptomics Data Analysis: Lessons

Learned from the US FDA-Led Community-Wide
Consortium Effort

W. Tong. US FDA/NCTR, Jefferson, AR.
‘Omics and other emerging methodologies contribute to our understanding of disease and health. Rapid progress over the last decades has
moved these technologies from an exploratory to an applied stage, and
an increasing amount of data derived from such approaches is received
by regulatory agencies supporting the evidence for the safety and efficacy of new medical products. The realization has spawned a number
of US FDA efforts to utilize these technologies through integrated bioinformatics within inter-center and cross-community collaborations.
This presentation is to discuss how the US FDA led, community wide

MicroArray Quality Control (MAQC) makes an attempt to address the
technical performance issues for transcriptomics-based biomarker technologies, including both microarrays and RNA-seq. The presentation is
centered on data analysis issues: what results can be anticipated from
different statistical approaches and data interpretation methodologies,
and its corollary; can consensus be reached for a baseline approach to
transcriptomics data analysis? Other related issues to achieve reproducible results from transcriptomics technologies that are also discussed
include: (1) quality control - what degree of experimental quality and
individual platform technical performance should be deemed achievable and adequate?; (2) cross-platform issues - what consistency can
be expected among different transcriptomics experimental platforms?;
and (3) reliability issues - whether is it still necessary and required for the
transcriptomics results to be verified by alternative and well established
gene expression platforms such as real time PCR?

3088 Analyzing Data: Towards Developing a

Framework for Transcriptomics and Other “Big
Data” Analysis for Regulatory Application

T. W. Gant. Chemical and Environmental Effects, Public Health
England, Oxfordshire, United Kingdom.
“Big Data” has been part of the landscape of toxicology for nearly two
decades, and has contributed much to our undertaking of modes and
mechanisms of toxicity; but despite the extensive use of “Big Data,” and
in particular ‘omic data, in toxicology research, these data sets have
yet to be routinely utilized in regulatory toxicity. This is partly because
from the first generation of these data sets, it was apparent that, even
before considering interpretation, large data sets pose challenges. Some
of these challenges have been quality control of data generation, normalization, recognition of outliers, and univariate statistical analysis.
Additionally, there are challenges with the associated experimental
meta data, and last but not least data interpretation. There are biological and experimental variables revealed by these large data sets that
may not be seen, or be of consequence, when fewer measurements are
taken. This presentation discusses these challenges (data analysis standard, meta data, quality control, etc.) and their implication in regulatory
application. For example, why the adoption of standards for the data
analysis has been slower than the adoption of the standards for meta
data collection and standardization of methods for the generation of
data. The causes for this are not clear but one possible reason is that
there are many different ways of processing the data. Everyone has their
favorite and can divide the data in the way that suits their experiment or
hypothesis, for example by changing the statistical parameters. While
this can be acceptable for research where justification for the method
used will be subject to peer review and likely replication, it is not acceptable for regulatory use where consistency is paramount. While certain
mathematical and statistical methods for the univariate have achieved
a level of greater acceptability, a framework of best practice has not
been developed that can be routinely applied to the primary analysis of
data to the point of the generation of a gene list for subsequent interpretation. The purpose of such a framework is to provide a benchmark
for data analysis to allow cross comparison, and a comparator for other
approaches. This presentation outlines these issues and presents the
initial thoughts from a group of experts convened to examine the issues
under the auspices of ECETOC.

3089 Standardization in Metabolomics–The Current
Effort and Future Directions

H. C. Keun. Imperial College London, London, United Kingdom.
Sponsor: W. Tong.
Metabolomics is an important part of the “‘omics revolution,” offering
a unique window into metabolic phenotype and gene-environment
interactions (via the “exposome”). As uptake of this technology has
risen rapidly, the metabolomics community has begun to respond to
the need for standardization through a number of initiatives, including
guidance on reporting, inter-laboratory comparisons, and the establishment of specialized databases and public data repositories. For targeted
metabolomics, which can be viewed as an extension to traditional clinical chemistry, the pathways to operating to GLP (like) principles are
potentially well defined. For untargeted metabolomics, several challenges remain, for example, standardization of data preprocessing and
strategies for metabolite identification. For most systems the metabolome is highly sensitive to experimental conditions requiring precise
metadata capture/SOPs that define parameters particular to a metabolomics study. Although much work still needs to be done, metabolomics
is moving into an era of largescale studies and inter-laboratory validation more likely to deliver lasting benefits for clinical stratification and
risk assessment. This presentation summarizes the latest efforts within
the metabolomics community towards standardization, with partic-
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for the analysis, interpretation, and reporting of ‘omic results. The presenters will give their views on a path forward with time for the audience
to respond and discuss. The session will be of interest to bioinformaticians, research toxicologists, and regulators alike, and will welcome
input from all of these sectors.

ular reference to the interpretation of prospective human studies. This
includes findings from a successful inter-laboratory “ring trial” of a targeted LC-MS/MS metabolomics platform (Siskos et al. submitted), which
highlights the need for wider availability use of reference materials to
facilitate data normalization and meta-analyses.

3090 Is There a Concern for Neurotoxicity from

Replacement Organophosphorus FlameRetardants?: Insights Using Molecular
Approaches, Systems Biology, and Human
Exposure

H. T. Hogberg. Johns Hopkins University, Baltimore, MD.
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The global flame retardants (FR) consumption has surpassed 2 million
tons and yet is expected to increase in order to meet international flammability standards. FRs are widely used in products such as upholstered
furniture, electrical devices, baby products, textiles, and plastic, where
the potential exposure is high. Especially, the use of FR in baby products
and the exposure to children are of concern, as the developing brain is
much more vulnerable to environmental perturbation than the brain of
an adult. Prior to 2005, polybrominated diphenyl ethers (PBDEs) were
the primary FRs used in the US. PBDEs have been banned in Europe
and phased out in the US due to several health issues, specifically
concerns for developmental neurotoxicity (DNT) following exposure
in infants and children, and have now been replaced by organophosphorus FRs (OPFRs). However, there is limited information on potential health effects of these novel replacements. This is of concern, as
the OPFR resembles organophosphate pesticides that are well known
to induce neurotoxicity. In fact, there are in vitro data demonstrating
neurotoxicity and developmental toxicity of many OPFRs. At this time
it is not clear if these effects are observed at concentrations relevant to
human exposure. Epidemiology studies show that metabolites of OPFRs
are detected in the urine in more than 93% of infants at much higher
concentrations than in adults. This workshop will begin with addressing
current flammability standards and issues relating to the use of FRs in
household products. Presenters will then address latest findings on in
vitro and alternative species using a wide range of models (e.g. human
and rodents cell lines, 3D cell cultures, and zebrafish) and methods
(e.g. neurite outgrowth, electrical activity, transcriptomics, metabolomics, and behavioral studies). In addition, limited rat in vivo data will
presented. The relevance of these findings will be discussed based on
the observation of human exposure to OPFR. The main goal of the workshop is to shed light and discuss the current status of OPFRs, specifically
related to DNT and neurotoxicity, and to link human exposures with
findings in experimental models using point of departure methods and
in vitro in vivo extrapolation. Attendees will gain national and international perspective from academia, government, and industry. The introduction will present the agenda of the workshop, including the overall
goals, speaker line up, and the intended outcome. Dr. Behl will introduce
the current status of the replacement OPFRs and their potential concern
for DNT. The first presenter will describe current flammability standards and how FRs may be used in consumer products to meet these
standards. The exposure, toxicity concerns, and data gaps for OPFRs
will be discussed. The second presenter will report on the neurotoxicity observed in different in vitro cell lines using a variety of cellular and
molecular endpoints. The data will be discussed in perspective to the in
vivo study by the group showing that FRs were not detected in the brain
and did not induce appreciable neurotoxicity in exposed neonate rat
pups. Gaps in both the in vitro and in vivo studies will be discussed. The
third presenter will then present DNT effects using organotypic cell cultures that better mimic the in vivo situation than traditional monolayer
cultures. This study evaluates longer exposure time during development
and goes more in mechanistic depth to describe pathways of toxicity of
some OPFRs. The next presentation will discuss the actual human exposure of OPFRs, with focus on children and the presence of OPFRs in baby
products. The research has showed that the urinary metabolites of these
OPFRs are commonly detected in the US population, raising the concern
of exposure. The final presenter will summarize by discussing how a
battery of in vitro tests using different models and endpoints targeting
different closely inter-related molecular pathways for developmental
and DNT can be used in determining a point of departure for prioritizing
compounds for further in vivo testing. It will then compare the in vitro
findings with in vivo data in rodents (gene expression and functional
end-points) to truth the data, and will highlight the need for a “systems
biology” approach while determining a point of departure value. It will
finally link in vitro and rodent data to human exposure using in vitro in
vivo extrapolations (IVIVE) to provide some insight on margins of safety.

3091 Flame Retardants in Consumer Products:
Background and Current Standards

M. B. Biggs. Consumer Product Safety Commission, Rockville, MD.
The Consumer Product Safety Commission (CPSC) is an independent
federal agency whose mission is to protect the public from unreasonable risk of injury from the use of consumer products under their jurisdiction. CPSC staff has been actively studying the potential health risks
of flame retardant (FR) chemicals in consumer products since the 1970’s
and monitoring the chemicals being used over the years. The CPSC has
performed exposure research and human health risk assessments on
FRs generally associated with the development of flammability standards for consumer products, such as upholstered furniture and mattresses. This presentation will discuss CPSC’s flammability standards,
how FRs may be used in consumer products to meet these standards,
and exposure, toxicity concerns, and data gaps surrounding the use of
organohalogen FRs in consumer products. The presentation will also
identify issues relating to the necessity of FRs in consumer products to
pass flammability standards and options for less toxic alternatives that
could be used.

3092 In Vitro and Ex Vivo Neurotoxicity Assessment for
Prioritization and Risk Assessment of Alternative
Flame Retardants

R. Westerink4, L. A. Koolen4, H. Viberg3, P. E. Leonards1, G. M.
Ramakers2, and H. S. Hendriks4. 1Institute for Environmental Studies
(IVM), VU University, Amsterdam, Netherlands; 2University Medical
Center Utrecht, Utrecht, Netherlands; 3Uppsala University, Uppsala,
Sweden; and 4Utrecht University, Utrecht, Netherlands.
In a series of studies, Dr. Westerink and colleagues investigated the
in vitro neurotoxicity of 12 alternative halogen-free flame retardants
(HFFRs) in relation to classical BFRs (3,3’,5,5’- tetrabromobisphenol A
[TBBPA] and 2,2’,3,3’,4,4’,5,5’,6,6’- brominated diphenyl ether [BDE-209]).
The combined data obtained from two different cell lines and a number
of dedicated neurotoxic endpoints, including acetylcholine receptors,
calcium homeostasis, and voltage-gated calcium channels, allowed for
an initial prioritization of safe(r) flame retardants. To bridge the gap from
in vitro to in vivo, the effects of neonatal exposure to TBBPA, aluminum
diethylphosphinate (Alpi), or zinc stannate (ZS) on synaptic plasticity
and protein expression in mouse hippocampus were investigated. While
ZS showed profound neurotoxicity in vitro (with lowest observed effect
concentrations for most endpoints in the range of 0.6-1.8 µM), none of
the tested FRs showed appreciable neurotoxicity ex vivo (single dose
of 211 µmol/kg bw at postnatal day 10). Subsequent analysis revealed
the absence of FRs in the brains of exposed neonates, indicative for low
bioavailability and/or rapid elimination/metabolism. This presentation
highlights the applicability of in vitro studies for chemical prioritization for risk assessment and risk reduction purposes, but also identifies
critical data gaps, such as effects of repeated exposure and an overall
scarcity of data concerning metabolism and distribution of HFFRs in
humans.

3093 Pathway Evaluation of the Developmental

Neurotoxicity of Organophosphorus Flame
Retardants

H. T. Hogberg. Johns Hopkins University, Baltimore, MD.
This study evaluated four organophosphorus flame-retardants (OPFRs)
in 3D organotypic cell cultures using high-content approaches, such
as transcriptomics, metabolomics, and immunohistochemistry. The
aim was to gain mechanistic information about their developmental
neurotoxicity (DNT), as well as to determine the lowest observed effect
levels (LOEL) in these systems. A broad range of concentrations were
evaluated from 0.01µM to 20µM with exposure time for 7 or 14 days.
The ‘omics data was analyzed using pathway analysis software such as
Ingenuity Pathways and Integrated Molecular Pathway Level Analysis.
Metabolic networks were built using the STITCH database. All OPFRinduced changes in pathways involved in glucose and neurotransmitter trans-membrane transportation, neurotransmission and synapse
activity, and cell cycle regulation. In addition, some of the OPFR likely
induced an inflammatory response, either primarily or secondary due
to neuronal damage. LOEL were observed at lower concentrations (0.15µM) than for most other in vitro studies in the literature, possible as
3D in vitro models represent the in vivo situation better than traditional
monolayer cultures. It would be important to compare these pathway
perturbations to the in vivo rodent data. Moreover, LOEL concentrations
should be extrapolated to the human exposure scenario before the
potential DNT risks can be determined.

Flame Retardants: Are They a Better or Worse
Replacement for PBDEs?

H. M. Stapleton. Duke University, Durham, NC.
Polybrominated diphenyl ethers (PBDEs) were once a dominant class
of flame retardant additives used in both residential furniture and electronics. However, due to concerns about their persistence, bioaccumulation, and potential toxicity, they were phased-out from use beginning in
2002. Today, the primary replacements for PBDEs in consumer products
are organophosphate flame retardants (OPFRs). Assessing exposure to
these novel compounds remains a challenge since many of these compounds are present as isomeric mixtures. Dr. Stapleton’s group collected
and analyzed samples from infant products made of polyurethane foam
(PUF), and in residential furniture, to get a better understanding of exposure to these novel replacements. Findings demonstrated the presence
of Tris (1,3-dichloro-isopropyl) phosphate (TDCPP), triphenyl phosphate
(TPP), and isomers of tert-butyl phenyl diphenyl phosphate (TBPP), with
highest exposure in infants; exposure is correlated with the number of
PUF containing products in the home. This is of concern since some of
these compounds like TDCPP have shown equipotent neurotoxicity to
chlorpyrifos, a well-known organophosphate pesticide, that has been
associated with DNT and neurotoxicity. Additionally, TPP has been
shown to alter several DNT and neurotoxicity pathways as described
by the previous presenters, and has also been shown to activate PPARg,
suggesting that it may have some endocrine disrupting properties. The
main purpose of this presentation is to highlight children’s exposure to
OPFRs, discuss predictors of exposure, and summarize results from our
in vitro studies examining the neurotoxicity and endocrine disrupting
effects of several replacement OPFRs.

3095 Putting It into Perspective: Relating

Experimental Data to Human Exposure–Is
Neurotoxicity Really a Concern?

M. Behl. NIH, Research Triangle Park, NC.
The final talk will relate how experimental data can be linked to human
exposures. Dr. Behl and colleagues evaluated a set of 9 OPFRs in a battery
of cell-based in vitro assays and alternative model organisms related to
development, developmental neurotoxicity, and acute neurotoxicity,
and compared the results to those obtained for two classical brominated
flame retardants (3,3’,5,5’- tetrabromobisphenol A and 2,2’4,4’-brominated diphenyl ether). The assays evaluated the effects of chemicals on
the differentiation of mouse embryonic stem cells, the proliferation and
growth of human neural stem cells, rat neuronal growth and network
activity, and development of nematode (Caenorhabditis elegans) and
zebrafish (Danio rerio). All assays were performed in a concentration-response format, allowing for the determination of the point of departure
(POD: the lowest concentration where a chemically-induced response
exceeds background noise). The majority of OPFRs (8/9) were active in
multiple assays in the range of 1-10 µM, most of which had comparable
activity to the BFRs TBBPA and BDE-47. The results indicate that many
of the replacement OPFRs showed comparable activity to the two BFRs
in the assays tested. Next, short-term in vivo studies were conducted
on rodents to assess gene expression and functional end-points (such
as cholinesterase activity, cholesterol levels, and blood thyroid levels)
using a similar concentration range to the in vitro studies to determine
the relationship between in vitro and in vivo outcomes. Findings suggest
a similar pattern of relative toxicity of the compounds in vivo, thereby
underscoring the utility in using the in vitro assay battery for prioritizing
compounds for further in vivo toxicity testing. Finally, high-throughput
toxicokinetic models were used for in vitro in vivo extrapolations (IVIVE)
to correlate levels in in vitro and rodent models to human exposure.

3096 Implementing Developmental Thyroid Toxicity

Guidance into Practice: What’s Working, What’s
Not, and How Can We Do Better?

A. Li. Exponent Health Science, San Francisco, CA.
Thyroid hormone is essential for normal brain development both in the
fetus and the neonate. In humans, thyroid function is not fully engaged
until week 20 of gestation; in rodents, it is day 17. Chemicals that change
circulating levels of thyroid hormone can be associated with neurobehavioral disorders and alterations in neurological development. Because
of the complexity of brain development and its behavioral manifestations, it is important to target testing strategies based on the putative
mode of action to focus time and resources on the critical endpoint(s)
of concern. In 2015, US EPA OPP and OECD included thyroid measurements as part of new toxicity testing data requirements. US EPA has
included comparative thyroid measures as part of Tier 2 testing for

some pesticides as part of the Endocrine Disrupter Screening Program.
Guidance for this study includes thyroid histopathology and serum
hormone measurements (T4, T3 and TSH) for Gestation Day (GD) 20
dams and fetuses, offspring at postnatal day (PND) 4, and dams and offspring on PND 21 (https://www.epa.gov/sites/production/files/2015-06/
documents/thyroid_guidance_assay.pdf.). OECD added thyroid measurements to reproductive and developmental screening tests (OECD
421, 422), including thyroid hormone measurements in pups at PND
13, adult males at the end of reproductive period, and, if available,
PND 4 pups and dams at day 13 of lactation. As more new studies with
developmental thyroid endpoints are being conducted in response to
these 2015 requirements, technical and regulatory issues have arisen
regarding the variability and sensitivity of the hormone measurements
in rat fetus and pups at different ages. In addition, there are questions on
how to interpret the thyroid hormone data within the context of thyroid
physiology and brain development. While there might be greater agreement on the clinical features that may be considered adverse following
severe impacts on the thyroid system, there is greater uncertainty and
disagreement regarding the appropriate point of departure for more
modest effects. This roundtable brings together academic, industry, and
government scientists to share knowledge, experience, and perspective from these recently conducted studies to address technical issues,
discuss data interpretation, and collectively develop a perspective that
can inform future work. The session will begin with a brief introduction of the current guideline recommendations and regulatory need to
address developmental thyroid toxicity (DTT). This first presenter also
will discuss how DTT data can be used to determine a point of departure
and/or the magnitude of uncertainty factors used in risk assessments.
The next three presentations initially will be asked to take contrasting
scientific positions with data to illustrate the issues raised. These presenters include scientists who are on the forefront of conducting or
sponsoring studies according to US EPA guidance and OECD 421/422
requirements, and an academic expert on developmental thyroid toxicity. During the balance of the time, these same speakers will be asked
to step back from their positions and consider solutions and approaches
that will improve implementation and interpretation of developmental
thyroid toxicity studies. To set the tone for the discussion, the last
speaker will argue the stated position with data, and then discuss data
that supports a contrasting position. This roundtable is timely and provides a forum for constructive cross-communication with the goal of
improving laboratory capabilities and safety evaluations for developmental thyroid toxicity.

3097 Addressing Rigor and Transparency in Research
and Journal Publications

S. Darney. NIEHS, Research Triangle Park, NC.
Driven by changes throughout the research and user community,
increased efforts are being directed to insuring scientific rigor and
transparency in both the conduct and publication of toxicological and
environmental health research. Up front, funding agencies are adding
criteria for rigor and reproducibility as an integral part of a grant application. At the end of the pipeline, regulatory agencies are honing their
requirements for using data in risk assessment and regulatory decision
making. In between, journals are playing an increasingly important role
in these efforts with the dual goals of publishing highly credible science,
and making it more accessible and discoverable within the broad community of scientists and research users. This session will explore the
many challenges inherent in achieving rigor and reproducibility from
the perspective of researchers, information specialists, and journal
editors, while highlighting the availability of new tools and approaches
for addressing them. Of broad interest across all SOT specialty sections,
special interest groups, and disciplines in toxicology, public health,
and risk assessment, the session starts with an overview of established
reporting guidelines (such as ARRIVE for animal studies), and introduces
new initiatives to foster openness and transparency, the use of valid
and appropriate statistics, and the acceptance of data quality standards.
Next, the audience will hear about how the NIH is developing innovative programs and tools to enable all domains of biomedical research to
become more data-centric and open, and to make all types of research
products more “discoverable” and useable. In this new biomedical
science, not only publications, but other objects, such as data, software,
workflows, and identifies (of investigators, grant numbers, reagents, etc.)
will be digital, as well as findable, accessible, interoperable, reusable,
and citable. The editors-in-chief of Environmental Health Perspectives
(EHP) and Toxicological Sciences (ToxSci) will add their insights on how
this information revolution is impacting journal submission guidelines,
peer review policies, and data access requirements. For example, ToxSci
recently launched a partnership with the Dryad Digital Depository,
which enables investigators to make their underlying data available
to peer reviewers, and later to the broader community once the paper
is accepted. In addition to toxicology studies, EHP publishes research
findings derived from exposure and ecosystem modeling, as well as
epidemiological approaches that integrate biological, social, and environmental determinants of health. These fields face their own unique
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3094 Children’s Exposure to Organophosphate

challenges in making data accessible (while protecting human subjects)
and suitable for meta-analyses when data cut across spatial scales and
human populations. A discussion period at the end of the session will
enable audience members to share their experiences using these new
data access tools and responding to the challenge of ensuring reproducibility in their research and publishing endeavors.

3098 Bioinformatics Tools for Accelerated Hypothesis
Generation and Mechanistic Insights

M. E. Gillespie. St. John’s University, Queens, NY.
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There are a wide range of freely available, web-based bioinformatics
resources and tools for hypothesis generation and data analysis. Finding
and picking the best tool for a specific research question can be challenging and time consuming. A tool or resource may be used to investigate gene function, identify genes sharing common features (pathway,
expression pattern, phenotypes), narrow candidate gene lists, and find
gene, protein, or compound interactions. Selecting a tool or resource
requires at least some understanding of the design, function, and limits
of the tool. To generate reliable results, researchers need to understand
what types of data are integrated, how those types of data are integrated, how to access the data, and what sorts of outputs may be produced. This session features four resources representing different types
of freely available, internet-based, bioinformatic resources, followed by
a practical example of use of these types of tools in a research program.
Mouse Genome Informatics (informatics.jax.org), the premier international database resource for the laboratory mouse, will demonstrate the
use of the Human-Mouse: Disease Connection portal to leverage mouse
and human phenotype data in candidate gene analysis. Reactome (reactome.org) is a free, open-source, manually curated, and peer reviewed
human pathway database. Reactome’s intuitive bioinformatics tools
for data visualization and interpretation will be used to analyze gene
expression, small molecule (metabolite data), and cancer gene sets.
ToxCast provides a significant amount of chemical bioactivities (data for
nearly 2000 chemicals and over 450 gene targets), many not found in
the literature, with findings implicating gaps in knowledge about chemical effects on biological systems. GeneWeaver (GeneWeaver.org) facilitates the integration of functional genomics resources, and will show
how to combine user submitted data with data from public resources to
gain novel insights into the biomolecular basis of toxicological effects.
The session will conclude with case studies centered on the practical
applications of toxicogenomics databases in nonclinical safety assessment, including species selection, cross species comparison around
organ toxicity, and immunomodulation in nonhuman primates. At the
end of this session, participants will have an understanding of how to
make use of each resource, and which bioinformatic tools will accelerate
their research.

3100 Evaluating the Reproductive and Developmental
Effects of Botanical Dietary Supplements

K. L. Howdeshell. NIEHS/NTP, Research Triangle Park, NC.
Use of botanical dietary supplements is widespread, with approximately
18% of adults in the US reporting use of natural products, including
botanical dietary supplements. Many diverse botanical products are
marketed for their purported support of reproductive health, from black
cohosh for gynecological and menopausal issues, to maca for male
enhancement. There is a public perception that “natural” products (i.e.,
derived from plants or fungi) are safer than pharmaceuticals. However,
there is often inadequate data to support the safety of these products.
There are many factors that raise concerns about potential reproductive
and developmental effects of botanical dietary supplements. Primarily,
several plant or fungi constituents have well-characterized endocrine
activity, such as genistein from soy and the mycotoxin zearalenone. In
addition to these biologically-active constituents, numerous reports
have documented adulteration of botanicals with pharmaceutical compounds or structurally-related analogs. Contributing to the difficulty
in characterizing potential reproductive and developmental effects of
botanical dietary supplements is the fact that they are complex mixtures
that can vary significantly depending on source material and manufacturing processes. Therefore, inconsistent results in animal studies of toxicity or clinical trials for efficacy can be expected based on differences
in product composition. Finally, botanical dietary supplements are
regulated under the Dietary Supplement Health and Safety Act, which
treats botanical ingredients that were on the market prior to its 1994
passage as food, which is assumed to be safe. Instead of requiring premarket safety assessment, there is a reliance on adverse effect reporting,
which is particularly problematic for identifying reproductive and developmental consequences that can manifest years after exposure. In this
session, speakers will address different aspects of evaluating the reproductive and developmental effects of botanical dietary supplements.
The session will begin with a presentation on applying rigorous evaluation methods to measure efficacy, toxicity, and chemopreventive potential of botanicals traditionally associated with treatment of menopausal
symptoms. Next, speakers will present specific cases of identifying and
characterizing reproductive and developmental effects of botanicals or
their constituents. A discussion of adulterants with reproductive and
developmental implications will follow. Finally, screening methods
for rapid identification of reproductive and developmental toxicity
of botanicals will be addressed. A multi-faceted discussion of botanicals and associated reproductive and developmental endpoints will
help guide future research and inform public health decisions on this
important topic.

3101 Botanicals as Natural Alternatives to Traditional
Pharmaceuticals for Women’s Reproductive
Health

3099 Mastering Soft Skills to Advance Your Scientific
Career

K. E. Sant. University of Massachusetts, Amherst, MA.
The overwhelming majority of the typical training experience focuses
upon doing excellent science and identifying a career path. However,
without a bit of personality, even trainees with the most exceptional
resume may not stand out in a saturated applicant pool. Soft skills are
often ignored in training, but can have a huge impact on the amount
of success one obtains throughout their career. This session is designed
to bring charismatic leaders in the field to discuss the non-scientific
attributes that have contributed to their success, and also the qualities they seek out when identifying candidates for their organizations.
Presentations will focus on: (1) how to network effectively; (2) how to
present oneself in a professional environment using proper body language and etiquette; and (3) effective communication, leadership, and
management skills. These interactive presentations will utilize demonstrations when applicable, and will be followed by a panel of young toxicologists who have successfully mastered these soft skills to transition
from trainee to professional across the sectors. These discussions will
be highly relevant to all student and postdoctoral attendees, as well
as senior toxicologists who want to improve the professional training
of mentees. This session will stimulate a discussion about underserved
aspects of professional development, and enable trainees to learn and
implement an essential skill set which will improve professional relationships throughout their careers.

J. Bolton. University of Illinois Botanical Research Institute,
Chicago, IL.
Botanical dietary supplements with hormonal effects are increasingly
popular for women’s health, particularly for older women. The specific
botanicals women take vary as a function of age. Younger women will
take botanicals for PMS, whereas older women use botanicals to relieve
menopausal symptoms and prevent osteoporosis. Several of these
botanicals could have additional breast cancer preventive effects linked
to hormonal, chemical, inflammatory, and/or epigenetic pathways. For
example, hops, licorice, and red clover extracts could modulate estrogen
receptor cross talk and/or arylhydrocarbon receptor (AhR) mediated
P450 1B1 bioactivation of estrogens, which could inhibit genotoxic
quinone formation. Inflammation has been linked to induction of P450
1B1 and anti-inflammatory bioactive compounds in these botanicals
could also inhibit estrogen carcinogenesis through NF-kB mediated
pathways. Finally, although botanicals are perceived as natural, safe
remedies, it is important for women and their health care providers
to realize that they have not been rigorously tested for potential toxic
effects and/or drug/botanical interactions. Understanding the mechanism of action of these supplements used for women’s health will ultimately lead to standardized botanical products with higher efficacy,
safety, and chemopreventive properties. This presentation will focus on
women’s health botanicals as natural alternatives to traditional pharmaceutical therapies used by premenopausal, menopausal, and postmenopausal women. (Support for this work was provided by P50 AT00155)

Caffeine in an Energy Shot

M. Hixon. Gradient, Acton, MA.
In recent years, the use of dietary supplements has increased and, along
with it, the potential for adverse health effects. In this presentation, we
will discuss our evaluation of the safety of caffeine in a dietary supplement (i.e. energy shot) on reproductive and developmental health in a
manner consistent with a Generally Recognized as Safe (GRAS) determination. Unlike DART assessments for chemicals in the workplace, which
are primarily evaluated for inhalation exposures, dietary supplement
exposures are primarily via ingestion. Caffeine is a naturally occurring
alkaloid found in the seeds, leaves, and fruit of plants such as coffee,
tea, and cocoa. It is often added to products including dietary supplements for its stimulant effects. Because caffeine occurs both naturally
and as an added ingredient in conventional foods, dietary supplements,
and drugs, potential cumulative caffeine exposure can be quite high. To
assess risk, we analyzed the total daily hypothetical consumption of caffeine (780 or 880 mg) and the literature discussing reproductive health
effects of caffeine ingestion. Most studies have been conducted with
coffee and not caffeine specifically. Based on our review of key toxicity
studies with a focus on reproductive health, limited evidence of reduced
fertility was observed in women consuming >300 mg of caffeine per
day, and no association was found for menstrual irregularities in women
with low (100-199 mg/day), moderate (200-299 mg/day), or high (> 300
mg/day) caffeine intakes. Our findings are consistent with a recent evaluation of data for pregnant women, which recommended consumption
of 1-2 cups of coffee a day (i.e., caffeine consumption of <300 mg/day),
as a general rule based on fertility as well as adverse pregnancy and
neurodevelopmental outcomes. Overall, our analysis showed that when
used as recommended, caffeine intake up to 250 mg in an energy shot
is not harmful to human reproductive health. We will also address data
gaps and the need for alternative approaches in assessing the potential
health risk(s) associated with adverse reproductive and developmental
health outcomes of dietary supplements.

3103 Embryo-Fetal Toxicity in the Rat and Rabbit

as a Result of Dietary Supplement Exposure:
Vinpocetine as a Case Study

piloting the use of ion mobility spectrometry (IMS) instruments at US
ports of entry to screen male enhancement products labeled as dietary
supplements suspected of containing undeclared active pharmaceutical
ingredients (APIs), including sildenafil, the active ingredient in Viagra.
Samples failing IMS screening were collected and sent to US FDA laboratories for confirmatory testing using liquid chromatography-tandem
mass spectrometry (LC-MS/MS). This presentation will describe the IMS
method used by the US FDA for the analysis of dietary supplements marketed for male enhancement, and discuss the efforts in removing these
harmful products from the marketplace. The most common erectile dysfunction adulterant detected is sildenafil, and case studies will be presented highlighting the various types of male enhancement products
screened at the import facilities for the presence of undeclared drug
products.

3105 An Industry’s Approach to Testing the Safety of
Botanicals

K. VanderMolen. New Chapter Inc./The Procter & Gamble
Company, Brattleboro, VT. Sponsor: K. Howdeshell.
As complex mixtures, botanicals present unique challenges when
assessing safe use, particularly when traditional toxicological studies
are not available in the literature. Obtaining data for developmental
and reproductive toxicity can be particularly difficult. Using artichoke
leaf (Cynara scolymus) as an example, we will illustrate an end-to-end
safety approach, which starts with an understanding of the history and
context of safe use, accurate identity, and constituent-based analysis
of the botanical ingredient. The use of in silico tools allows us to identify suspected toxicants and assess the potential for developmental
and reproductive effects using structure activity relationships. Plausible
mechanisms can then be tested using in vitro models (e.g., receptor
binding assays). The approach under investigation utilizes a suite of
receptors to probe the activity of artichoke leaf extract. Positive controls
(herbal extracts known to have reproductive effects), and negative controls (extracts of food herbs) are tested alongside the article of interest
to provide context for receptor activity. IC50 values can then be determined for selected receptors to inform on dose. Using a combination of
literature data, in silico, and in vitro tools can provide assurance of safety
while reducing the use of animals.

N. Catlin. NIEHS/NTP, Research Triangle Park, NC.
Dietary supplement and natural product use is increasing within the
United States, and with this is growing concern for exposure in vulnerable populations. Vinpocetine is a semi-synthetic derivative of the Vinca
minor extract vincamine, which inhibits phosphodiesterase type 1 and
voltage sensitive Na2+ channels, and displays vasodilatory activity in
cerebral tissue. Human exposure occurs through its use as a dietary
supplement for its purported nootropic and neuroprotective effects,
with expanding use within the young adult/student population. The
National Toxicology Program has been characterizing the potential
effects of vinpocetine during pregnancy in animal models. Pregnant rats
administered vinpocetine via gavage, a route of administration similar
to bolus doses taken by humans, displayed minimal signs of maternal
toxicity. However, these rats demonstrated dose-dependent increases
in post-implantation loss, higher frequency in early resorptions and total
resorptions, and fewer live fetuses at term. Fetal visceral examination
revealed dose-dependent increases in the incidences of ventricular
septum defects and full thoracolumbar supernumerary ribs. Similarly,
pregnant rabbits administered vinpocetine displayed an increase in
post-implantation loss, fewer live fetuses at term, and significantly lower
fetal body weights. Available toxicokinetic information suggests that
rats, rabbits, and humans display similar area under the plasma concentration time curves (AUCs), further indicating a potential hazard exists
for pregnant women taking vinpocetine.

3104 Screening of Male Enhancement Supplements
for the Presence of Undeclared Drug Products

C. Gryniewicz-Ruzicka. US FDA/CDER, St. Louis, MO. Sponsor: K.
Howdeshell.
The increased availability and use of herbal dietary supplements among
consumers has been accompanied by an increased frequency of adulteration of these products with undeclared pharmaceutical substances.
Dietary supplements claiming to enhance erectile function and sexual
performance are the most affected by illegal adulteration. The presence of these adulterated products in the marketplace is a worldwide
problem, and their consumption poses health risks to consumers, especially when the dose is above that of prescription forms. In response, the
US FDA has developed a rapid screening program to assess the quality
and safety of imported dietary supplements. The agency is currently

3106 In Vitro and Alternative Methods in Ocular
Toxicology: The “Eyes” Have It

M. Salvador-Silva. Alcon, a Novartis Company, Fort Worth, TX.
Advanced tissue engineering and microfluidics technologies are providing new opportunities for more predictive in vitro ocular models,
including three-dimensional (3D) tissue culture, self-forming organoids, and organ-on-a-chip models. These exciting technologies promise
better, more physiologically and structurally relevant, models of the
human eye, which will improve predictions of ocular toxicity. The goal
of the session is to bring together experts from the pharmaceutical and
biotechnology industries, academic institutions, as well as government
agencies, to discuss current uses and future challenges of in vitro models
for ocular toxicity, and safety assessment of drugs, chemicals, and cosmetics, as well as environmental toxins and medical device materials.
The current state of these advanced techniques, the unique issues confronting their development and application, and challenges for validation and regulatory acceptance, will be discussed. This session will
start with a broad overview of in vitro ocular safety assessment models,
including internationally recognized and validated in vitro ocular irritant
models, and their application for cosmetic, pharmacology, and medical
device safety assessments. The second speaker will summarize regulatory efforts associated with the development, validation, and international acceptance of alternative in vitro methods for prediction of
ocular toxicology, and will discuss the current hurdles and challenges
regarding validation and acceptance of alternative methods for ocular
toxicity prediction. The third and fourth speakers will describe examples
of novel 3D and organ-on-a-chip models, and their application to the
physiology and pathophysiology of glaucoma, tear production, and dry
eye. The final speaker will discuss the current state and challenges of
using stem cells to generate of 3D retinal organoids, and the potential use of organoids for retinal disease models, drug development, and
ocular toxicity assessments. Attendees will learn about the 1) the development of complex, physiologically relevant in vitro ocular models for
assessing ocular toxicity; 2) the challenges and critical decision points
that influence the use of alternative methods for in vitro toxicology; 3)
the strengths/limitations, predictive capacity, reproducibility, and sensitivity of the alternative methods presented and; 4) the challenges associated with in vitro model validation and clinical translation.
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3102 Evaluation of Reproductive Health Effects for the

3107 Alternative Methods for Ocular Toxicology
Testing

F. A. Barile. St. John’s University, Queens, NY.
Humanitarian concern and scientific progress have prompted legislative
initiatives to direct the development, validation, and regulatory consideration of alternative in vitro ocular models. However, to date not a
single in vitro alternative ocular toxicity test has been validated as a full
replacement for the in vivo Draize rabbit eye test for chemicals across
comprehensive irritancy ranges. Historically, alternative organotypic
models for ocular irritancy were developed for validation programs
according to regulatory requirements, as well as cell-function based in
vitro assays (cytosensor microphysiometer and fluorescein leakage test
methods). Refinements to these protocols and remarkable advances
in bioengineering have allowed for development of models for identifying: Retinal and lens toxicity (including human pluripotent stem cells
and 3D optic vesicle-like structures, or retinal organoids); models for
chemical and drug screening (3D human ocular conventional outflow
tract and perfusion models); and corneal and conjunctival toxicity
testing systems (micro-engineered physiological biomimicry, or organon-chip systems). While the current state for in vitro testing focuses at
the growth of advanced systems, while incorporating appropriate regulatory components and more humane endpoints, several questions
have emerged. Consider, for instance, how early progress of in vitro
ocular toxicology testing compares with current attempts at validation;
the impact of advances in biotechnology that have fostered expansion
of current ocular toxicology methods; changes in the Decision Criteria
and tier-testing approaches from recommendations developed in
the previous 25 years; influence of collective concerns on legislative
actions dealing with improvement, validation, and regulatory acceptance of alternative ocular testing; and, progress in evolving a battery
of approaches as a valid pathway to address the “3 R’s” (Replacement,
Reduction, and Refinement) in search of in vivo applications and toxicological mechanisms. Combined efforts to improve historically robust
in vitro ocular models, along with the search for new methods, must
support their claim as appropriate substitutes for in vitro testing, by satisfying current rigorous requirements for regulatory prominence in the
validation process in the in vitro ocular toxicology testing arena.

3108 Gaining Acceptance of Alternative Approaches
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J. Barroso. EURL ECVAM/Systems Toxicology Unit, IHCP, European
Commission Joint Research Centre, Ispra (VA), Italy. Sponsor: M.
Salvador-Silva.
The assessment of eye damage/irritation hazards is a basic information
requirement in international regulations for the safety of chemicals,
pesticides, and medicines. Under some regulations, this information
must be generated without the use of animals and therefore, validation
and regulatory acceptance of in vitro methods for eye damage/irritation continues to be of high priority. For more than two decades, scientists have been trying to replace the regulatory in vivo rabbit Draize
eye test by alternative methods, but so far only partial replacement has
been achieved. This is partly explained by a lack of understanding of
the most critical in vivo endpoints driving the classification of chemicals
and of the uncertainty and limitations associated with the reference in
vivo method. Proper understanding of the critical endpoints helps to
identify current gaps and guide the development of new methodologies to address those gaps, which is fundamental to successfully achieve
full replacement of the animal test. An evaluation of the various in vivo
drivers of classification derived from multiple databases was performed
to establish which of these are most important from a regulatory point
of view. Among the Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) category 1 (Cat 1) chemicals, >46% were
classified based only on persistence of effects. It is likely that methods
evaluating the severity of immediate effects without providing direct
information on their persistence or reversibility over time will not be
able to correctly predict these Cat 1 chemicals. The most important endpoints driving Cat 2 classification are conjunctiva redness (>70%) and
corneal opacity (>50%). Iritis and conjunctiva chemosis were found to
rarely drive the classification on their own of both Cat 1 and Cat 2 chemicals (<4%). An analysis of the reproducibility of the Draize eye test indicated an overall concordance of 76%, with 38% and 29% of Cat 1 and
Cat 2 studies, respectively, being “underpredicted” in a repeat study.
For the successful replacement of the Draize eye test, in vitro tools are
needed that address the most important in vivo endpoints. Equally, the
uncertainties of the Draize test should be taken into account.

3109 Bioengineering 3D Human Ocular Conventional
Outflow Tract Models

K. Y. Torrejon. Glauconix, Inc., Albany, NY. Sponsor: M. SalvadorSilva.
Ocular tissue engineering has received great contributions from micro-/
nanotechnology and 3D printing areas, accelerating the development
of complex constructs capable of accurately mimicking/replacing tissue
structures. Despite the growing implementation of tissue engineering
in several ocular areas, an integrated approach in the engineering of
the anterior chamber, including the conventional trabecular meshwork
(TM) outflow tract for improved toxicity assay or drug screening, still
lags behind. Currently, anterior segments of animal or human cadaver
eyes are used to study ocular outflow physiology and test the effects
of medications on the TM, but these perfusions are cumbersome and
expensive, making them impractical for drug and/or toxicological
screening. To overcome these challenges, we engineered biomimetic
conventional outflow tract models integrated with a perfusion platform
that emulates the aqueous humor outflow dynamics through the TM.
The development of such models using a 3D multi-culture system consisting of primary cells sequentially seeded on a highly porous microfabricated coated-scaffold will be described. These 3D constructs were
incorporated in a perfusion chamber under constant pressure and
flow monitoring. We will present the in vivo-like characteristics these
models exhibited and their physiological responses to elevated pressure, dose responsiveness to pharmacotherapies including steroid-response (3nM-30µM), transforming growth factor beta type 2 (1-5ng/µl),
and Rho-associated protein kinase inhibitor (100nM-10µM). In addition,
enhanced gene transfection efficiency was achieved using our models
compared to 2D cell cultures. Building upon the knowledge gained
during this work, additional models of cornea and ocular vasculature,
which are currently being developed, will also be described. Given the
reproducibility of the 3D constructs, and considering the well-documented responsiveness of these models to pharmacological agents, this
approach can also be used to predict the physiological and toxicological
response of its in vivo counterpart; facilitating more rapid development
of technologies for glaucoma diagnosis and treatment.

3110 Microengineered Physiological Biomimicry:
Human Organ-On-Chips

D. D. Huh. University of Pennsylvania, Philadelphia, PA. Sponsor:
M. Salvador-Silva.
A paucity of predictive models that recapitulate structural and functional complexity of human organs poses major technical challenges
in virtually all areas of life science and technology. This talk will present
interdisciplinary research efforts focused on leveraging microfabrication
and microfluidics to develop microengineered biomimetic models that
reconstitute complex structure, dynamic microenvironment, and physiological function of living human organs. A particular focus will be on
an organ-on-a-chip microdevice that reconstitutes the ocular surface
of the human eye. Specifically, this system provides a novel platform to
replicate: i) 3D curvature of the ocular surface; ii) in vivo-like spatial distribution of corneal and conjunctival cells; iii) differentiated physiological
functions of the corneal and conjunctival epithelia; and iv) ocular surface
lubrication and physiological tear film dynamics. To demonstrate these
unique capabilities, we generated 3D dome-shaped, porous polymeric
scaffolds for co-culture of primary human corneal epithelial cells, human
keratocytes, and human conjunctival epithelial cells. The keratocytes
were suspended in an extracellular matrix hydrogel precursor solution
and injected into the cavities within the scaffold to reconstitute corneal
stroma. We have also devised a method to sequentially deposit corneal
and conjunctival epithelial cells on the scaffold surface to reproduce
their spatial distribution on the native ocular surface. Once the cells
became confluent, they were exposed to air to induce differentiation.
The differentiated phenotypes of the cells were confirmed by epithelial
stratification, expression of epithelial markers, mucus production, and
tight junction formation. Our data also demonstrate that electromechanically-controlled blinking actuation in the eye-on-a-chip is capable
of generating a physiological tear film. Finally, we show that our system
can be further engineered to test acute ocular toxicity of chemicals, or
to model key pathological changes in the ocular surface during ocular
diseases such as evaporative dry eye disease. We believe that our system
holds great potential to address the critical unmet need for cost-effective and predictable alternatives to animal models for screening ocular
responses to drugs, chemicals, cosmetics, environmental materials, and
indwelling biomedical devices.

Pluripotent Stem Cell-Derived 3D Retinal
Structures: Potential Tools for Studying Outer
Retinal Toxicity

D. M. Gamm. University of Wisconsin School of Medicine and Public
Health, Madison, WI. Sponsor: M. Salvador-Silva.
Retinal pigmented epithelium derived from human pluripotent stem
cells (hPSCs) has already shown promise for disease modeling, drug
screening and testing, and transplantation, due in large part to their
favorable culture characteristics. More recently, similar applications
for hPSC-derived neural retinal (NR) cultures have begun to be investigated. NR can be isolated and differentiated from hPSCs in the form
of 3-dimensional optic vesicle-like structures (OVs; also referred to as
retinal organoids). However, numerous complexities and potential
shortcomings currently exist, with hPSC-OV technology that needs to
be taken into consideration before employing it in toxicology studies
and therapeutic testing. Herein, we examined the structure and composition of hPSC-OVs over time, with a focus on optimizing yield and
maturation states of photoreceptor (PR) subtypes. At least three independent hPSC lines were subjected to two distinct OV differentiation
protocols and examined for their propensity to yield laminated NR, as
determined via light and electron microscopy and immunocytochemical (ICC) analysis. In addition, a Cone Rod Homeobox (CRX)-TdTomato
reporter hPSC line was created to facilitate selective monitoring of PR
precursor maturation over time using ICC, single cell RNAseq, and whole
cell electrophysiology. Results: Initial production of 3D hPSC-OVs was
supported in nearly all lines, the efficiency of which was aided by brief
administration of Bone Morphometric Protein-4 (BMP4) during an early
window of neural differentiation. In addition, maintenance of lamination
in hPSC-OVs was greatly facilitated by long-term exposure to serum.
PRs produced in hPSC-OVs adopted a mature gene and protein expression profile, as well as characteristic rod or cone electrophysiological
signatures. However, higher order PR structure (e.g., outer segments)
was only observed in hPSC-OVs with preserved outer retinal lamination.
Conclusions: 3D hPSC-OV technology offers a unique, scalable platform
for limited testing of PRs, including toxicity screening, in a human outer
NR-like tissue environment.

3112 Quantitative Systems Toxicology for Chemical
Safety Assessment

R. Paules. NIEHS, Research Triangle Park, NC.
The past years have seen major progress in both bioinformatics and
systems biology approaches to extract relevant biological information
from ‘omics data, as well as the integration of such data in computational biology approaches for safety assessment. This work also has
strongly influenced the toxicological community to translate these
systems biology findings and methods into approaches that can find
ultimate application in chemical safety testing strategies. Different
levels of systems biology are envisioned. Firstly, the integrated interpretation of large scale ‘omics datasets allows for the identification of
common denominators that can explain and/or predict adverse events,
preferably human. Such systems approaches offer great value in risk
assessment because they allow an individual observation to be placed
in the context of an entire system. To be effective, models must encompass the multiple scales of complexity of biological systems, e.g. from
cells to tissues and organs, as well as the multiple dimensions of biological responses, e.g. time, dose, etc. High throughput and high content
technologies provide the large amounts of data necessary to create
multi-scale and multi-dimensional systems models. Secondly, these
large datasets together with our rapidly improving understanding of cell
biological processes in health and disease, has created the opportunities
to re-create biology in silico through mathematical biological modeling.
In the latter case these models can be populated in a quantitative way
with cell biological experimental data. Both systems biology approaches
conceptually fit with the Adverse Outcome Pathway (AOP) framework,
with the firm advantage of making such AOP models now computable.
In this symposium, we will discuss these different approaches and the
opportunities for future safety testing strategies.

3113 Systems Biology Strategies for Translational Risk
Assessment Using Gene Expression Networks

J. L. Stevens. Eli Lilly, Indianapolis, IN.
Cells and organs are modular with regard to biological function. Networkbased approaches are an attractive method to defining the modular
nature of subcellular biological systems and for building interconnected
hierarchies of modules to describe larger systems (cells or organs). Using
such an approach, initiating events can be viewed as disruption of indi-

vidual networks and toxicity as propagation across multiple networks
resulting in system failure. Using Weighted Gene Co-regulated Network
Analysis (WGCNA), we have built co-regulated gene networks for rat
liver and kidney as well as for human and rat hepatocytes. We mapped
the preservation of known biological and stress response pathways, e.g.
Nrf2 oxidative stress, ribosomal biogenesis, lipid metabolism, endoplasmic reticulum stress, etc., to identify modules that are preserved
across cells and organs. Understanding preservation allows us to select
genes that are most representative of network responses to chemical
perturbation for each model (hub genes). Our studies reveal that even
when co-expression is preserved between models, the behavior of individual genes can vary across species and treatments. For example, Nrf2
regulated modules can be identified in all models, but the selection of an
Nrf2 reporter gene may vary depending on the system. Understanding
the preservation of co-expression networks and representative sets of
marker genes allows one to estimate the likelihood that risk will translate from one model to another, and that a given marker gene will
reflect toxic effects across species and models.

3114 Implementing Approaches for Moving Tox21
towards Quantitative Systems Toxicology

R. S. Paules. NIEHS, Research Triangle Park, NC.
The US Tox21 Program is a collaboration between the NIEHS/NTP, the
NCATS, the US EPA, and the US FDA. The goal of Tox21 is to improve
identification and characterization of adverse effects from chemical
exposures, to prioritize chemicals for further toxicological evaluation,
and to improve human risk assessment. This involves a shift from dependency on traditional rodent studies to an incorporation of target-specific, mechanism-based, and systems biology approaches, coupled to
in vitro systems and simple model organisms. Tox21 initially focused
on profiling ~ 10,000 chemicals across a variety of cell-based assays in
quantitative high-throughput screens. The focus of Tox21 now is to
expand biological coverage while improving human relevance, in part
through exploiting medium to high throughput transcriptomic (HTT)
approaches, and by using more physiologically relevant model systems.
In order to accomplish a HTT analysis of exposures, we have developed
a targeted set of human genes, referred to as the Tox21 human S1500+
gene set, derived from a combination of bioinformatics approaches
as well as expert nominated genes considered to be important for
physiological and toxicological processes. Application of this hybrid
gene selection approach to human Affymetrix gene expression data
in GEO resulted in a human S1500+ gene set of 2871 targeted genes.
Bioinformatic approaches have been developed to extrapolate information from the measured set of genes to whole transcriptome effects on
pathways and gene networks. Evaluation of this extrapolation method
to detect transcript perturbations was performed on human Affymetrix
gene expression data not used to train the bioinformatic models. This
evaluation demonstrated that extrapolation using the S1500+ gene set
robustly recapitulates the measured gene and pathway level effects
(Pearson correlation of 0.75 and 0.87 at the gene and pathway level,
respectively). We have utilized this S1500+ gene set using human
HepaRG 2D and 3D hepatocyte model systems with defined xenobiotic metabolic capacities to evaluate the responses to compounds of
interest to the NTP, and to the Tox21 program with potential hepatotoxic liabilities. The results provide a systems level insight into gene networks perturbed by exposures over a broad dose-response range and
allow for a determination of in vitro transcriptomic points of departure
(PODs).

3115 Quantitative and Functional Assessment of the
Dynamics of Toxicological Key Events in Safety
Testing

B. van de Water. Leiden University, Leiden, Netherlands.
Cellular adaptive stress response pathways are key in the maintenance
of cell function. These pathways are evolutionary well conserved and
can typically be activated in various cell types upon changes of environmental conditions during disease states or chemical insult. These
pathways include, amongst others, the oxidative stress response, DNA
damage response, unfolded protein response, and heat shock response,
which are controlled by sensors that modulate transcriptional activity
and thereby gene networks that counter balance adversity. Activation
of these pathways ensures maintenance of the overall cell physiology
and health. Toxicogenomics has demonstrated that these pathways are
activated by a variety of chemical insults, but limited throughput has
prevented in depth insights in the concentration and time dynamics, at
the population level, let alone the single cell level. Within the European
SEURAT-1 and EU-ToxRisk projects, we have established bacterial artificial chromosome-based HepG2 GFP reporter cell lines that allow
the quantitative assessment of individual components the key events
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3111 Structure and Composition of Human

of adaptive stress response pathways at the single cell level. For the
various pathways we have mapped the relationships between pathway
activation and onset of cytotoxicity. Moreover, the integration of high
throughput siRNA screens that target all individual signaling components has allowed to define the signaling landscape that determines
the modulation of stress pathway activation. We have identified key
signaling networks that control Nrf2 signaling, which differ from that
controlling the unfolded protein response. This knowledge is combined
with high throughput transcriptomics of a large panel of primary human
hepatocytes to define the overall variability in pathway activation in
the human setting. In conclusion, the integration of these quantitative
stress response activation data in direct relation to onset of cytotoxicity allow an improved safety decision making between healthy versus
adverse adaptive stress response activation.

and executed to simulate tissue-level responses at different dose levels.
Model outputs to date include quantitative predictions of effects on
VEGF-mediated angiogenesis (angiodysplasia), androgen-mediated
urethral closure (hypospadias), and TGFß-mediated tissue fusion (cleft
palate). Computer simulations that virtually integrate real (in vitro) or
synthetic (in silico) data provide an in silico platform to translate biomolecular lesions into higher-order emergent responses for predictive
toxicology. (Disclaimer: This abstract does not reflect US EPA policy).

3118 The Next Technology Wave: Biosensors, Extreme
Computing, and Organ Chips for Predicting
Cardiovascular Toxicity

A. Bahinski. GlaxoSmithKline, King of Prussia, PA.

3116 Computational Cellular Stress Systems Models
to Define the Tipping Point between Adaptive
Cellular Capacity and Adverse Outcomes:
Implications for Safety Decision Making

A. Middleton. Unilever, Colworth, United Kingdom. Sponsor: B. van
de Water.
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Transforming the vision of an adverse outcome pathway-based framework into a tool for risk-assessment requires that we combine experimental observations made in vitro, with mechanistic rationale and
understanding of relevant exposure scenarios, to make robust decision
on safety in humans. This necessitates a quantitative understanding of
how various biological pathways respond to different chemical insults.
We focus on the Nrf2-Keap1 pathway as a proof of concept to demonstrate how, by iterating between in silico model predictions and wet
lab observations, we are able to arrive at a model that can both accurately recapitulate our experimental data and be used to make new
predictions and mechanistic insights, which are then experimentally
validated. More specifically, by comparing model predictions on Nrf2
nuclear accumulation and downstream target gene activation using the
gene Srxn1, for a range of chemicals (namely DEM, tBHQ, 1,4-dichlorobenzene and H2O2). Our data indicate that cellular responses to electrophilic and oxidative stress involves not only Nrf2-Keap1 interactions
determining level of Nrf2 nuclear accumulation, but also a separate
acetylation-based mechanism that acts to fine-tune Nrf2 transcriptional
activity. Using in vitro Nrf2 and KEAP1 knockdown assays we demonstrate the ability of the model to accurately predict Srxn1 induction
dynamics. Finally, we show how the model can be used to infer how
dose-dependent intracellular levels of compound change over time
based on the Nrf2 and Srxn1 response dynamics. Notably, we find that
the predicted dose at which the Nrf2-Keap1 pathway is overwhelmed
correlates well with our cell viability dose-response data. Using this
understanding of the different mechanisms augments our capacity to
mathematically define the tipping point between adaptive and adverse
effects at a cellular level. By providing a mechanistic rationale to predict
the point when cellular stress systems become saturated for both this
stress pathway-based model, together with others, e.g. DNA-damage
and mitochondrial stress, we discuss how we can infer the departure
point at which cells switch from an adaptive to an adverse response.
Furthermore, by extending this to predict responses to exposure scenarios in vivo, we show how these models can support the use of in vitro
data for human based safety decisions.

3117 In Silico Dynamics: Computer Simulation in a
Virtual Embryo

T. Knudsen. US EPA, Research Triangle Park, NC.
Utilizing cell biological information to predict higher order biological
processes is a significant challenge in predictive toxicology. This is especially true for highly dynamical systems such as the embryo, where morphogenesis, growth, and differentiation require precisely orchestrated
interactions between diverse cell populations and the microenvironment. In patterning the embryo, genetic signals setup spatial information that cells then translate into a coordinated biological response. An
important concern for developmental toxicity is to understand when
and how chemical exposure(s) that disrupt particular cell functions or
signaling events alter spatial-temporal dynamics of the system, leading
to adverse phenotypes. Just as the cell is the fundamental unit of biology,
so too the cell should be the computational unit (“Agent”) for modeling
embryogenesis. In this regard, multicellular agent-based models (ABMs)
that recapitulate the kinematics of complex cell signaling networks
and spatial dynamics of multicellular systems provide a computational
approach to examine how cell biological information can predict higher
order biology. ABMs of spatially-dynamic modular systems of embryological processes were constructed in the CompuCell3D modeling
environment. The ABMs were seeded with HTS/HCS data from ToxCast

Development of safe and effective drugs is currently hampered by the
poor predictive power of existing preclinical animal models that often
lead to failure of drug compounds late in their development after they
enter human clinical trials. Given the tremendous cost of drug development and the long timelines involved, major pharmaceutical companies
and government funding agencies are now beginning to recognize a
crucial need for new technologies that can quickly and reliably predict
drug cardiovascular safety and efficacy in humans in preclinical studies,
and approaches to integrate these novel technologies within regulatory
science and use. This symposium will highlight innovative approaches
to developing much-needed new toxicological methods for evaluation
of cardiotoxicity, and the role that regulatory agencies such as the US
FDA have in developing criteria and potential guidance for qualifying
these new testing methods. The symposium brings together key experts
from the fields of high performance computing using a human heart
electrophysiological model, optical electrophysiology to assess arrhythmogenicity, gene editing developing human-induced isogenic pluripotent stem cell models, fluorescent protein biosensors, and Organ Chips
developing a 3-dimensional AngioChip. They will highlight and discuss
the advantages and challenges inherent in new innovative tools being
applied towards identification and characterization of cardiotoxicity.
Lastly, the process of qualifying new testing methods into use as a drug
development tool will be discussed by the US FDA.

3119 Towards Predictive Biology with Extreme
Computing

F. Streitz. HPC Innovation Center, Lawrence Livermore National
Laboratory, Livermore, CA. Sponsor: A. Bahinski.
Lawrence Livermore has a long history of fielding some of the world’s
largest computers, fueled by our nearly insatiable need for both capacity
and capability computing. Each new generation of computing brings
with it the ability to perform simulations that were impossible with
earlier computers. This presentation will describe the current status of
a real-time, high-resolution model of the electrophysiology of a beating
human heart built on the Sequoia supercomputer at LLNL, and discuss
the use of this capability in cardiotoxicity studies. The model replicates
the heart’s electrical activity and depicts the activation of each heart
muscle cell and the cell-to-cell transfer of the voltage of up to 3 billion
cells. It can do so in near-real time and with accuracy and resolution
previously unavailable. This fully detailed whole heart model can be run
quickly enough to examine how potentially fatal arrhythmias develop
and are influenced by the administration of drugs and the use of medical
devices.

3120 Optical Electrophysiology for Probing

Arrhythmogenic Risk in Human iPSC-Derived
Cardiomyocytes

K. Werley. Q-State Biosciences, Cambridge, MA. Sponsor: A.
Bahinski.
Human iPSC-derived cardiomyocytes (hiPSC-CM) are a promising substrate for cardiotoxicity assays because they recapitulate some (but not
all) of the electrophysiology of the human heart. This richness of physiology also creates a challenge for interpretation: one can make a vast
number of different types of measurements, and it is not obvious how
to relate multi-parameter assays to clinical risk. Assays have measured
contractility, spontaneous beat rate, action potential (AP) duration,
upstroke velocity, and conduction velocity, among other parameters.
In spontaneously beating hiPSC-CM, many drugs change the beat rate,
which in turn affects all AP parameters. This crosstalk can confound
efforts to interpret drug-induced changes in AP parameters. Recent
advances in optogenetics enable simultaneous optical pacing, optical
measurement of AP waveforms, and optical measurement of cytosolic

3121 Human Genome and Tissue Engineering for
Cardiac Disease Modeling

L. Judge. University of California, San Francisco, San Francisco, CA.
Sponsor: A. Bahinski.
We have developed a robust platform for engineering the genome
of human induced pluripotent stem cells (iPSC) to introduce disease
mutations, functional reporters, and genetic/epigenetic modifiers.
Using TALEN and CRISPR/Cas9 technology, we have now generated
an isogenic series of modified iPSC lines, which can be efficiently differentiated into a variety of relevant tissue types. These tools allow us
to study developmental pathways, model disease, and evaluate both
therapeutic and toxic effects of drugs. Our primary target is dilated cardiomyopathy (DCM), a major contributor to morbidity and mortality.
A variety of mechanisms lead to inherited or acquired DCM, but targeted therapies are still lacking. Furthermore, DCM can be caused by
toxicity of various drugs such as multiple classes of chemotherapies.
This unpredictable cardiotoxicity requires close monitoring and limits
utility of important therapies. We have characterized disease phenotypes in engineered iPSC models of inherited DCM, including the BAG3
and RBM20 genes. Furthermore, we identified an interaction between
BAG3 gene mutations and proteasome inhibitor induced cardiotoxicity. We are using live-cell assays for calcium flux, contractility, sarcomere structure, and protein quality control to characterize mechanisms
of toxicity in these models. Finally, we developed a CRISPR-mediated
transcriptional silencing platform to screen for genetic interactions in a
high-throughput manner.

3122 Applying Fluorescent Protein Biosensors in

3123 AngioChip: Vascularization Platform for Organon-a-Chip Engineering and Direct Surgical
Anastomosis

M. Radisic. University of Toronto, Toronto, ON, Canada. Sponsor: A.
Bahinski.
Using a new 3D stamping technique, we developed an AngioChip
scaffold from a synthetic biodegradable elastomer [poly(octamethylene maleate (anhydride) citrate]. AngioChip supports the assembly of
parenchymal cells on a mechanically tunable lattice matrix surrounding
a 3D, perfusable, branched micro-channel network coated with endothelial cells. The design enabled us to effectively decouple the material
choice for the engineered vessel network from the material choice for
the cell seeding in the parenchyma, enabling extensive remodelling
while maintaining open vessel lumens. Incorporation of nano-pores
and micro-holes in the vessel walls enhanced permeability, permitted
inter-cellular crosstalk, and extravasation of monocytes and endothelial
cells upon biomolecular stimulation. Vascularized hepatic tissues and
cardiac tissues, engineered using AngioChips, were shown to process
clinically relevant drugs delivered through their internal vasculature.
AngioChip cardiac tissues were also implanted via direct surgical anastomosis to the femoral vessels of rat hindlimbs, establishing immediate
blood perfusion.

3124 Advancing US FDA Regulatory Science through
Innovation

S. Fitzpatrick. US FDA, College Park, MD.
The role of regulatory science is to develop the knowledge, methods,
standards, and tools needed to increase the certainty and consistency of
regulatory decisions, and improve the translation of basic discoveries to
viable medical products. The fundamental goal is to ensure availability
of medical products with proven efficacy and safety that are manufactured with consistently high quality and monitored post-approval to
ensure their safety during real-world use. Regulatory decisions must be
informed by the best available scientific evidence and supported by reasoning that is transparent and based on a weight of evidence approach.
The Drug Development Tool Qualification Program was created to
provide a framework for development and regulatory acceptance of
scientific tools, including biomarkers, clinical outcome assessments,
animal models, and new testing methods such as human microphysiological systems as they evolve for use in drug and biologic development programs. Assessment of the overall predictive ability of new tools
to answer critical regulatory questions in a context of use evaluation is
critical to the full acceptance. A case study will be presented summarizing the context of use for the development of human microsystems,
or organ “chips,” to screen for safe and effective drugs as an example
of how novel testing methods can be used and accepted by regulatory
agencies in a transparent and scientifically defensible manner.

Microphysiological Systems

D. L. Taylor. University of Pittsburgh, Pittsburgh, PA. Sponsor: A.
Bahinski.
Fluorescent protein biosensors (FPBs) allow the measurement of temporal and spatial dynamics of targeted cellular events involved in
normal and perturbed cellular assay systems and microphysiological
systems (MPS) in real time and over time. FPBs evolved from fluorescent analogs of proteins that were used to track proteins in living cells
by combining environmentally sensitive fluorescent dyes with proteins
in order to monitor specific physiological events such as post-translational modifications, production of metabolites, changes in various ion
concentrations, and the dynamic interaction of proteins with defined
macromolecules in time and space within cells. The subsequent development of fluorescent proteins (FPs), such as the green fluorescent
protein (GFP), dramatically accelerated the adoption of studying living
cells, since the genetic “labeling” of proteins became a relatively simple
method that permitted the analysis of temporal-spatial dynamics of a
wide range of proteins. Investigators subsequently engineered the fluorescence properties of the FPs for environmental sensitivity that, when
combined with targeted proteins/peptides, created a new generation of
FPBs. Examples of FPBs that are useful in MPS are presented including
cell domain-targeted calcium, reactive oxygen species (ROS), apoptosis,
and cell tracking sensors.

3125 Biological Advances to Help Navigate the

Nonclinical Safety Assessment Strategy in
Cancer Immunotherapy: Utility, Limitations, and
Future Direction

R. Li. Genentech, South San Francisco, CA.
Therapeutically harnessing the immune system to kill cancer cells is
arguably the most significant advance in the treatment of cancer in the
past several years. Novel immunotherapies recently approved by the
US FDA include two checkpoint inhibitors targeting PD-1, a bispecific
T cell redirector targeting CD19, and one oncolytic viral therapy. These
drugs have led to long-term responses in a subset of patients that had
failed prior therapies. As exciting as these achievements are, tremendous efforts are being invested in the field to increase the proportion of
patients benefiting from these therapies. For example, identification of
new molecules involved in immune tolerance to cancer cells and their
application in immunotherapy as single agents, or in combination to
enhance clinical efficacy, are actively being pursued. In addition, there
are a multitude of other strategies under investigation, including novel
T cell redirectors, genetically-modified T cell therapies, and cancer vaccines. In fact, more than half of the current cancer clinical trials include
some form of immunotherapy, many of which are investigating possible combination strategies. In parallel with this paradigm shift in therapeutic options for cancer, safety-related questions are also raised in
terms of how to design/tailor nonclinical safety assessment for clinically
relevant hazard identification and risk management.The objective of
this scientific session is to 1) provide a general overview of the field of
cancer immunotherapy (CIT): the current status and the future direction
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calcium. We developed two approaches for combining these measurements with theory to predict arrhythmogenic risk. First, we performed
detailed numerical simulations of AP dynamics in hiPSC-CM. We systematically varied all conductances, and observed how each affected the AP
waveform. We determined the perturbations to the waveform which
brought the cell close to an instability threshold (e.g. early after depolarizations, EADs). By comparison of simulations to drug effects, we sought
to identify pharmacological perturbations that brought the cells closer
to instability, agnostic to channel targets of the drugs. In our second
approach, we used a coarse-grained dynamical systems analysis. We
measured the beat rate-dependent AP width and conduction velocity.
These parameters are sufficient to constrain a coarse-grained model of
wave propagation, and to determine the proximity of the dynamics to
a period-doubling bifurcation and wave breakup. This approach does
not rely on any internal model of the cardiomyocytes, and thus does
not capture EADs, but can predict the risk for reentrant arrhythmias.
The data and models will be illustrated with data from a range of tool
compounds. Future work will compare the experiments and simulations
to clinical data.

driven by the advances in cancer immunology (e.g. new checkpoints)
and bioengineering platforms (e.g. hexamer vs. monomer); 2) highlight
the unique challenges in safety assessment for CIT drug development;
and 3) promote discussion in regard to assessing the unique challenges
of developing these new oncology therapeutics to ensure patient safety.

3126 The Biology of Cancer Immunotherapy
B. Curti. Earle A. Chiles Research Institute, Portland, OR. Sponsor:
R. Li..
With the significant success achieved in the field of cancer immunotherapy (CIT) in the past several years, tremendous efforts are being
invested to further expand this area in various directions to increase the
proportion of patients benefiting from these therapies, such as to identify and test new immunomodulators as single agents or in novel combinations, to optimize adoptive T cell therapy and cancer vaccines, etc.
As a consequence, the future of CIT will be opened to a new big wave of
exciting therapeutic opportunities, but in the meantime new challenges
in safety assessment unique to CIT modalities will also be raised. This
opening talk is to review the current advances in cancer immunology
and predict the future therapeutic strategies in the CIT field, which will
lay out some important questions with regards to defining the new clinical and nonclinical safety assessment-related challenges in the context
of anticipated CIT paradigm changes.

3127 The Utility and Limitations of Conventional
Animal Models in CIT Safety Assessment

G. Rao. Genentech, South San Francisco, CA.
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This presentation will review the limitations of conventional animal
models in safety assessment of CIT molecules. It’s been increasingly recognized that nonclinical models work to a certain degree for hazard
identification for certain CIT modalities, in particular pharmacology-related cytokine production and associated safety liability, but appear to
be quite limited for other CIT modalities, such as checkpoint inhibitors, as
most of these immune checkpoints have minimal expression in healthy
animals with limited antigen exposure. The key question at hand is what
the improvement of the nonclinical models should be focused on to
help with hazard identification, to enable a more informed risk assessment and management, which is a gap for many existing and emerging
CIT modalities. Finally, this talk will also touch on some emerging novel
models/technologies that may improve translatability of results to the
clinical setting, and will help refine the nonclinical safety assessment
strategy. For example, development of a rodent allo-pregnancy model
based on breeding two different strains of mice, so that paternally
derived allo-antigens are expressed by the fetus is more representative
of human pregnancy, and thus represents a great potential in lieu of
non-human primates (NHP) to be able to assess on-target, pharmacology-mediated reproductive liabilities of CIT molecules. The latest data set
from testing some checkpoint regulators (e.g. PD-1, OX40) in a mouse
allo-pregnancy model will be discussed in terms of clinical translatability
and its potential as an alternative to the conventional NHP model for
reproductive toxicity assessment of CIT molecules.

3128 Nonclinical Safety Assessment of a P-Cadherin-

Specific T Cell-Recruiting Bispecific Molecule for
Cancer

C. Kamperschroer. Pfizer, Groton, CT.
T cell-recruiting bispecific molecules have shown promise for redirecting the patient’s own T cells against cancers, yet significant safety
risks are associated with these therapies. This presentation will focus
on a half-life extended bispecific molecule that induces potent and
selective activation of T cells, resulting in the killing of cells that express
the tumor antigen, P-cadherin. The nonclinical work done to support
initiation of clinical trials will be used to illustrate the key safety concerns associated with this immune-oncology approach. A major safety
concern is with cytokine release, and we have found in vitro and in vivo
in monkey studies that T cell activation and cytokine release strictly
requires P-cadherin recognition. In vivo, cytokine release could be
minimized with intra-animal dose escalation, suggesting a strategy for
mitigating cytokine release. Another major safety concern is with T cell
targeting of normal cells that express P-cadherin. In addition to understanding normal target expression, we utilized in vitro assays to compare

T cell-mediated lysis of tumor versus normal P-cadherin-expressing cells,
which indicated that the killing of tumor cells was much more potent.
The utility and the limitations of these different methods of safety evaluation will be discussed, as will the method by which the nonclinical data
were used to calculate the clinical starting dose.

3129 Cytokines, T Cell Homeostasis, and Safety Risk:
Lessons From CAR T Cell Therapeutics

R. Ponce. Juno, Seattle, WA.
Data from clinical patients and animal models have demonstrated the
utility of assessing cytokine production and measures of vascular activation in assessing clinical tolerability in response to certain CIT modalities,
such as bispecific T cell redirectors and CAR T cells. This talk will take a
deeper dive into the potential impact of the pharmacology-mediated
cytokine production on the physiologic homeostasis (e.g. memory T cell
population change) in establishing an optimal environment for T cell
persistence and activity in patients, while informing the potential safety
liability (e.g. autoimmunity, neurotoxicity). Additionally, the presentation will bridge the gap between the clinical neurotoxicity liability and
the safety profile in animal species for T cell therapeutics. With the latest
nonclinical data demonstrating elevated pro-inflammatory cytokines
such as IL-6, IL-8, and IL-1RA, a marked acute phase response, and clinical signs of neurotoxicity, the model appears to reflect salient features
of the responses observed in some patients. Mechanistic hypothesis
(e.g., alterations in blood brain barrier function, endothelial activation,
and CAR T cell infiltration into the CNS) and interventional strategies
will be shared, thus promoting discussions around what and how the
nonclinical model needs to be tailored to improve its sensitivity to the
neurotoxicity findings for a more clinically relevant safety assessment.

3130 The Use of Pharmacology in Nonclinical Safety
Evaluation of Cancer Immunotherapeutics

W. Helms. US FDA, Washington, DC.
While traditional toxicology models can be useful for predicting the
toxicity and setting a reasonable starting dose for some types of CIT
molecules, for many others, including the approved immune checkpoint
inhibitors, relying solely on these studies would lead to unreasonably
high starting doses and inadequate monitoring in clinical trials. Because
of these concerns, the safety assessment of newer cancer immunotherapy products has relied heavily on in vitro or in vivo pharmacology
studies and available data on the mechanism of action of particular
pathways. This presentation will provide a regulatory perspective on
the considerations and challenges associated with developing novel
immunotherapy products for cancer indications, with a focus on case
examples of the types of data that have been used as the basis for a
starting dose for both monotherapy and combination immunotherapy
trials, and the types of pharmacology studies expected to support the
development of these products.

3131 Microparticles and Exosomes in

Cardiopulmonary System-Stem Cell and
Microenvironment Regulation by Toxicants

I. Rahman. University of Rochester, Rochester, NY.
Exosomes are membrane bound extracellular microvesicles that are
loaded with a variety of bioactive molecules capable of directly regulating target cells by delivering bioactive components to alter the distal
cells. Microparticles (MPs) and exosomes are released from different
cell types such as epithelial, fibroblasts, endothelial (MPs or exosomes),
tumor cells, and stem cells, including immune inflammatory cells in pulmonary and cardiovascular system. Recent data suggested that environmental agents, PM2.5, inhaled oxidants/toxicants, including cigarette
smoke, profibrotic agents, and carcinogens can affect the secretion of
exosomes. Exosomes can function as endocrine signal mediators to
target cell phenotype. Exosomes released from target cells may have
toxicological impact on a paracrine via an intercellular communication
in cardiovascular, lung, liver, and circulatory systems. Emerging studies
of mesenchymal stem cells (MSC)-derived exosomes show promising
therapeutic and beneficial effects. For example, mitochondrial-derived
vesicles can encapsule bioenergetics, which are transported from MSCs
to damaged cells. This session will unravel the specific cell-type that
is responsible for enriched circulating exosome markers/signatures
in toxicology and the pathogenesis of systemic diseases. Intercellular
communication, tissue repair vesicles, immune modulatory effects, biomarkers, nomenclatures and technological advances, and toxicological
impact on exosomes and MPs research also will be presented. Overall,

3132 The Biology and Function of Exosomes in
Microenvironment

R. Kalluri. University of Texas MD Anderson Cancer Center,
Houston, TX. Sponsor: I. Rahman.
Exosomes are secreted by different cell types contain DNA, RNA, and
proteins, which shuttles between a donor cells to recipient cells. In
humans, more than quadrillions of exosomes are present in the circulation at all times. Exosomes play an essential role in removing excess
and/or unnecessary constituents from the cells, functioning like recycling unit, although their precise physiological role is not clearly defined.
Furthermore, exosomes have been shown to mediate specific cell-tocell communication and also activate signaling pathways. Exosomes are
detected in the tumor microenvironment, and several studies supports
that they play a crucial role in facilitating tumorigenesis by regulating
angiogenesis, immunity, and metastasis. Recently, we have shown that
cancer-derived exosomes contain microRNAs (miRNAs) associated with
the RISC-Loading Complex (RLC) and display cell-independent capacity
to process precursor microRNAs (pre-miRNAs) into mature miRNAs. PremiRNAs, along with Dicer, AGO2, and TRBP, are present in the cancer
cell-derived exosomes. CD43 mediates the accumulation of Dicer specifically in cancer-derived exosomes. Cancer-derived exosomes mediate
an efficient and rapid silencing of mRNAs to reprogram the target cell
transcriptome. Exosomes derived from cells and biofluids of patients
with cancer instigate non-tumorigenic epithelial cells to form tumors
in a Dicer-dependent manner. These findings offer opportunities for
the development of exosomes based noninvasive biomarkers for early
detection, diagnosis, and therapies in cancer patients. We will highlight
the functional relevance of exosomes in cancer, as related to tumor
microenvironment, tumor immunology, angiogenesis, and metastasis in
a toxicological perspective.

3133 Endothelial Microparticles are Associated with

PM2.5 Exposure: Implications for Cardiovascular
Events

T. O’Toole. University of Louisville, Louisville, KY.
Exposure to fine airborne particulate matter (PM2.5) is associated with
cardiovascular morbidity and mortality but the basis for this is unclear.
In this study, we examined whether acute exposure to PM2.5 induces
vascular injury as reflected by increases in circulating endothelial microparticles. We collected blood from a cohort of young, healthy adults
living in the Wasatch (Utah) Valley during times of naturally occurring
low, intermediate, and high PM2.5, and using a flow cytometry assay,
measured the levels of 15 microparticle types. We found that endothelial microparticles, including subgroups also expressing lung, arterial,
and venous markers, were positively associated with exposure. In addition, markers of systemic inflammation (TNFa, IL-1b, IL-8, IL-6, MIP-1a,
MIP1b, MCP-1, sICAM-1) were also associated with exposure. Thus acute
exposure to PM2.5 induces endothelial damage. Changes in microparticles and inflammatory markers may be early indicators of and/or mechanistic contributors to PM2.5-induced cardiovascular injury. This talk will
present exosomes/microparticles in cardiovascular injuries.

3134 Cellular Microparticles and Exosomes in Stress
Responses and Inhaled Toxicant-Induced
Pulmonary Diseases

L. Ortiz. University of Pittsburgh, Pittsburgh, PA. Sponsor: I.
Rahman.
Mesenchymal stem cells (MSCs) and macrophages are fundamental
components of the stem cell niche and function coordinately to regulate haematopoietic stem cell self-renewal and mobilization. Prior
studies indicate that mitophagy and healthy mitochondrial function
plays an important role in the survival of stem cells, but how these processes are regulated in MSCs remains unclear. Recently, we have shown
that MSCs were able to efficiently manage intracellular oxidative stress
by targeting depolarized mitochondria to the plasma membrane via
arrestin domain-containing protein 1-mediated microvesicles. The vesicles are then engulfed and re-utilized via a process involving fusion by

macrophages, resulting in enhanced bioenergetics (transport of bioenergetics via mitochondrial-derived vesicles into the damaged cells).
Furthermore, we found that the MSCs can also simultaneously shed
specific miRNA-containing exosomes that inhibit macrophage activation by suppressing Toll-like receptor signaling, thereby de-sensitizing
macrophages to the ingested mitochondria. Collectively, these results
mechanistically link mitophagy and MSC survival with macrophage
function, thereby providing a physiologically relevant context for the
innate immunomodulatory activity of MSCs in toxicant-induced pulmonary system, including pro-fibrotic responses. We further demonstrate
that MSC-derived exosomes reduce monocyte recruitment and silica-induced fibrosis in mice. MSCs utilize extracellular vesicles to transfer
mitochondria and shuttle micro RNAs to reprogram the innate immunity in pulmonary profibrotic responses will be discussed.

3135 Characterization of Microparticles and Exosomes
in Toxicological and Lung Injurious Responses

I. Rahman. University of Rochester, Rochester, NY.
Extracellular vesicles (EVs) play an important role in normal lung physiology to maintain homeostasis in the airways via intercellular communication as paracrine signal mediators and effectors. There are two
main types of EVs that are capable of harboring protein cargo: 1) microparticles (MPs), and 2) exosomes. MPs are also known as microvesicles
(100-2000 nm in diameter), which originate by budding or shedding
from the plasma membrane. Exosomes (nano-sized vesicles: 50-150
nm in diameter) are characterized by their endosomal origin. MPs and
exosomes are released from different cell types, such as epithelial,
fibroblasts, endothelial, tumor cells, and stem cells including immune
inflammatory cells. Injured and activated cells in the lung contribute
to the major release of chemical mediators into the circulation, such as
microvesicles/exosomes. These chemical mediators released then play
an essential role in the modulation of systemic immune-inflammatory
responses. Circulating MPs/exosomes are shown to be altered in various
lung inflammatory diseases, but not much is known about the characteristics and functional properties of these particles. We have recently
shown that microparticles and/or exosomes are increased and different
in characteristics based on their origin in human plasma in response
to inhaled toxicants, such as environmental tobacco smoke. Recent
findings also show that smokers and patients with airways disease contribute to distinct exosome signatures (based on proteomics approach
and miRNA) compared to nonsmokers, which are important for progression and susceptibility to the disease. We have further shown that mesenchymal stem cells (MSCs)-derived exosomes play an important role in
ameliorating toxicant-mediated oxidative and inflammatory responses
in senesced lung epithelial cells. This presentation will address the
characterization and involvement of exosomes/microparticles in toxicants-mediated lung injurious and immune-inflammatory responses,
and the ability of MSCs-derived exosomes in beneficial purposes in injurious responses upon toxicant injury.

3136 Exosome Biogenesis: Models, Predictions, and
Results in Toxicity

S. J. Gould. Johns Hopkins University School of Medicine,
Baltimore, MD. Sponsor: I. Rahman.
Exosomes and microvesicles (EMVs) are proteins bud from cells in small
single-membraned vesicles (~50-250 nm) that have the same topology
as the cell. EMVs, these extracellular organelles, are enriched for specific proteins, lipids, carbohydrates, and nucleic acids. EMV biogenesis
plays critical roles in protein quality control and cell polarity. EMVs,
once released, can transmit signals and molecules to neighbouring cells
via a non-viral pathway of intercellular vesicle traffic. The goals are to
identify the cis-acting signals that target proteins to secreted vesicles,
the trans-acting factors that mediate EMV biogenesis, and the mechanisms of EMV biogenesis. We have shown that proteins are targeted
to the posterior pole on the basis of higher order oligomerization and
plasma membrane binding, the same elements that target proteins to
exosomes/microvesicles (EMVs), HIV, and other retrovirus particles. We
have also demonstrated that the polarization of the EMV protein-sorting
pathway can occur in morphologically non-polarized cells, defines the
site of uropod formation, is induced by increased expression of EMV
cargo proteins, and is evolutionarily conserved between humans and
the protozoan Dictyostelium discoideum. Based our data, we have proposed a mechanism of posterior pole biogenesis, in which elevated
levels of EMV cargoes (i) polarize the EMV protein-sorting pathway, (ii)
generate a nascent posterior pole, and (iii) prime cells for signal-induced
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the workshop will present the novel findings on development of novel
exosome signatures as biomarkers, toxicological endpoints by toxicants,
and beneficial effects via stem cells in systemic toxicity and diseases.
This includes toxicological perspectives of exosomes and microvesicles,
e.g. agents and actions by toxicants creating microenvironment for systemic or organ toxicity in cardiopulmonary systems, microenvironment,
and toxicants-induced injuries.

biogenesis of a uropod. This model also offers a mechanistic explanation
for the polarized budding of EMVs and retroviruses, including HIV. This
presentation will provide the cellular and mechanistic explanation for
polarized budding of EMVs biogenesis in various model systems and
toxicological perspectives based on prediction models.

3137 New Findings on Pyrethroid Developmental
Neurotoxicity: An Alternate Approach to
Characterizing Age-Related Differences to
Hazard Identification

C. Vorhees. Cincinnati Childrens Research Foundation/University
of Cincinnati, Cincinnati, OH.
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The neurotoxicity of Type I and Type II pyrethroids in adult rats has been
investigated for many years and the principal mechanism of action on
voltage-sensitive sodium channels (VSSC) is well established. By contrast, there is relatively little published data on the developmental
effects of these compounds, on potential sex differences, on their longterm effects, or on neurotransmitter systems. This is important because
household pyrethroid use has increased following restriction of organophosphorus insecticides. The prevailing view is that these compounds
have no long-term effects, but new evidence suggests this may not be
the case. Recent data also demonstrate that early exposure can affect
neurotransmitter systems. There are also newer data showing differences as a function of age and sex and these differences depend on
the type of pyrethroid and dose. The purpose of this workshop is to
bring forward new data on the above topics with deltamethrin (Type
II) and permethrin (Type I) as examples for effects on voltage-gated ion
channels, startle, locomotor activity, learning and memory, and their
relationship to brain and plasma concentrations. The relative sensitivity
of young vs. adult animals, the long-term effects of early exposure,
pharmacokinetics, and sex effects, provide new insights into these compounds. This is timely because the US EPA has pyrethroids under review
and has noted need for data to better characterize effects in children.
The workshop will begin with a presentation that will lay the foundation
for how Type I and Type II pyrethroids affect VSSC and other ion channels in different species. The presenter also will describe atypical (Type
III) pyrethroids that have mixed effects. This will be followed with a presentation that will show new data on the pharmacokinetics of deltamethrin and permethrin in young rats. The next talk will present new data
on the effects of deltamethrin exposure on sodium channel expression
and glutamate release. This will be followed with a presentation on new
data on early versus adult effects of deltamethrin and permethrin on
acoustic startle, and of deltamethrin on learning and memory. As a conclusion, the panel will be joined by California EPA scientist Dr. Poorni Iyer
who, along with Dr. Gammon, will lead a discussion of the implications
of the new data for hazard characterization for protecting children and
place the data in context.

3138 Effects of Pyrethroids on Voltage-Sensitive Ion
Channels

D. Gammon. FMC Corp., Ewing, NJ.
Pyrethroids cause effects on VSSCs in insects and mammals that result in
repetitive firing in nerve axons following stimulation (Type I) and depolarizing blockage, accompanied by long trains of spikes unrelated to
external stimulation (Type II). Differences in clinical signs after dosing
are also apparent. In the cockroach, clinical signs of intoxication correlate with effects on VSSCs for Type I pyrethroids, but the situation is
less clear for Type II pyrethroids. Here, there is evidence that other target
sites may play a role in the appearance of clinical signs in both insects
and mammals. Some examples include GABA-activated and V-activated
Cl channels, VS-K+ channels, and VS-Ca channels. Most pyrethroids containing a CN group alpha to the phenoxybenzyl alcohol moiety are Type
II, but one such pyrethroid, fenpropathrin, is mixed Type I/II, causing
both types of pyrethroid effects on VSSCs, in both insects and mammals.
Similarly, bifenthrin (Type III) has effects on VSSCs that place it separate from Type I and II pyrethroids Some examples of pyrethroid effects
on human VSSCs, expressed in mammalian cell lines, in vitro, including
delayed inactivation and prolonged tail currents, will be compared with
data using rodent VSSCs.

3139 Lack of Age-Dependent Differences in

Pyrethroid Internal Dosimetry at Low Exposure
Levels

J. V. Bruckner, C. Chen, S. S. Anand, D. Gullick, B. S. Cummings, and
C. A. White. University of Georgia, Athens, GA.
Large segments of the populace, including children, are exposed to
low levels of pyrethroids, the most widely-utilized class of insecticide
in the US, Canada, and the European Union. Immature rats are more
susceptible to neurotoxic effects of high doses of the chemicals.
Toxicokinetic (TK) studies have shown that plasma and brain concentrations of deltamethrin (DLM) are inversely related to age in rats given
high oral doses. Hepatic intrinsic clearance increased with age, as did
hepatic extraction ratio. Thus, limited capacity to metabolically inactive
the neuroactive parent compound appeared largely responsible for
higher brain levels and toxicity in immature animals. In new low dose
experiments, postnatal day (PND) 15, 21, and 90 rats were gavaged with
100, 250, or 500 µg DLM/kg, and serial plasma, and sequential brain
and livers monitored. Age-dependent differences in biological sample
content generally diminished with decrease in dose. PND 15 plasma
Area under the Curve (AUC°8) values, for example, were 4.6-, 2.4- and
1.5-fold higher than corresponding adult values for doses of 500, 250,
and 100 µg/kg. Cmax values exhibited similar patterns. These findings
suggest that age-dependent differences in DLM internal dosimetry and
acute neurological effects disappear when doses are low enough to be
efficiently metabolized.

3140 Developmental Deltamethrin Exposure Causes

Long-Term Downregulation of Nav Protein and
Reduced Neurotransmitter Release

J. R. Richardson. Northeast Ohio Medical University, Rootstown,
OH.
Mutations in voltage-gated sodium channels (Nav), or conditions that
alter Nav expression, have been shown to reduce action potential frequency and neurotransmitter release. Previous work investigating
Nav regulation found that developmental exposure to Nav activators,
including the pyrethroid insecticide deltamethrin, can down-regulate
Nav mRNA and protein in vitro, possibly as a mechanism to reduce
hyperexcitability. However, it is not known whether or not this occurs
following in vivo exposure. Repeated postnatal exposure (PND1-21) to
deltamethrin (0.1-0.25 mg/kg/day) significantly reduced Nav protein
levels at PND 30 and 75 in the hippocampus. Using isoform-specific antibodies, it was determined that Nav 1.1, and 1.6, were significantly downregulated, while Nav 1.2 levels were unchanged. Decreased levels of
Nav were accompanied by a 50% reduction in 4-aminopyridine-evoked
release of glutamate from hippocampal synaptosomes. This effect
may be attributed to reductions in Nav protein as it was eliminated by
pretreatment of synaptosomes with the Nav antagonist tetrodotoxin.
Further, there was no reduction in vesicular glutamate transporter
levels, suggesting there was no deficit in neurotransmitter loading into
vesicles. Taken together, these new data demonstrate that postnatal
exposure to deltamethrin has persistent effects on Nav protein expression and neurotransmitter release in the hippocampus. Given the importance of glutamate in learning and memory, these data provide a plausible mechanism by which developmental deltamethrin exposure may
contribute to behavioral deficits.

3141 Developmental Effects of Pyrethroids on

Acoustic Startle and on Learning and Memory

C. V. Vorhees, and M. T. Williams. Cincinnati Childrens Research
Foundation, Cincinnati, OH.
As organophosphate and carbamate pesticides decline in use, pyrethroids have increased as replacements. Pyrethroids are used in schools,
playgrounds, parks, and recreational fields. They are used as insect
sprays inside homes and on lawns, pets, and on children for head lice. In
US agriculture they are spread on >200 million acres of food crops annually, including on 100% of sweet corn, 72% of citrus, 64% of nuts, 61% of
sunflowers, and 41% of all fruits and vegetables. Because of where pyrethroids are used, it is important to know if children are more sensitive
than adults. We compared the effects of deltamethrin (DLM) and permethrin (PRM) in adult versus postnatal day 15 (P15) rats at different doses
for effects on the acoustic startle response (ASR) and neurological signs
(detailed clinical observations (DCO)) at 2, 4, 6, and 8 h post-treatment.
PRM in adult rats (60, 90, or 120 mg/kg) dose-dependently increased
ASR in the absence of DCOs. At P15, the same doses increased ASR at all
intervals at 60 mg/kg, but at 90 mg/kg ASR was increased at 2 h. At 120
mg/kg ASR was increased at 2 h, not different at 4 h, and decreased at
6 and 8 h. Mild tremor was observed. For DLM, adult exposure dose-de-

3142 Intestinal Epithelial Cell Line Model for Protein
Hazard Identification

S. Wezalis1, J. Roper1, C. Zimmermann2, B. Delaney2, and L.
Markell1. 1DuPont Haskell Global Centers, Newark, DE; and
2DuPont Pioneer, Johnston, IA.
Relatively few proteins exist in nature that are known to result in adverse
effects following oral exposure since most are degraded in the gastrointestinal system. Of the proteins that do, effects are often on cells that the
proteins physically interact with-intestinal epithelial cells (IEC). Previous
studies reported protein toxins added to IEC lines disrupted monolayer
integrity, but innocuous dietary proteins did not. Here, we investigated
the impact of in vitro exposure of innocuous (bovine serum albumin,
β-lactoglobulin, RuBisCO, fibronectin) and hazardous (phytohaemagglutinin-E, concanavalin A, wheat germ agglutinin, melittin) proteins
to Caco-2 cell monolayers. Caco-2 cells were exposed to protein that
was intact or had been subject to gastric or sequential (pepsin and pancreatic) digestion. Monolayer integrity was assessed by TEER measurements and monitoring the flux of 4.4kDa FITC-dextran (tight junction
integrity) and 70kDa TRITC-dextran (monolayer integrity) after 24 and
48-hour exposure. At the concentrations tested, innocuous proteins did
not alter Caco-2 monolayers whether exposed to digestive enzymes or
not with the exception of fibronectin (Fbn). Fbn is a biologically relevant
ECM protein and exposure at higher doses may induce cell signaling
cascades impacting Caco-2 monolayer permeability via mechanisms
that indicate non-hazardous effects. In contrast, intact hazardous proteins disrupted monolayer integrity with the most robust effect seen
at 48-hours, but those that were sensitive to degradation by digestive
enzymes did not alter monolayer integrity. We observed that melittin
was sensitive to digestion by pepsin alone which resulted in decreased
Caco-2 monolayer permeability and increased TEER, but phytohaemagglutinin-E and concanavalin A required sequential digestion (includes a
heat inactivation step) to produce a similar effect. Wheat germ agglutinin proved to be resistant to both pepsin and pancreatin and exposure
to these digestive enzymes did not prevent disruption of Caco-2 monolayers. These results indicate that in vitro testing of proteins can help
differentiate between innocuous and hazardous proteins. Furthermore,
this in vitro model may provide an alternative approach for regulatory
consideration with proteins (i.e. intractables) that cannot be isolated in
an active form in quantities necessary to conduct in vivo toxicological
testing.

3143 Multiplexed Caco-2 Human Intestinal Cells for

Studying Intestinal Absorption and Metabolism
of Complex Herbal Extracts

T. J. Flynn, and S. N. Vohra. US FDA, Laurel, MD.
Caco-2 cells are a commonly used model for estimating the intestinal
bioavailability of single chemical entity pharmaceuticals. Caco-2 cells
also express other biological functions such as drug antiporters (MDR1,
MRP1/2), phase I (CYP3A4) and phase II (glucuronyl-transferases) drug
metabolizing enzymes that are relevant to drug-supplement interactions. Intestinal bioavailability is an important factor in the overall
safety assessment of products consumed orally. Foods, including herbal
dietary supplements, are complex substances with multiple chemical
components. Because of potential interactions between components of
complex mixtures, more reliable safety assessments can be obtained by
studying the commercial products “as consumed” rather than by testing
individual chemical components one at a time. The present study evaluated the apparent intestinal permeability (Papp) of a model herbal
dietary supplement, Rauwolfia serpentina, in both whole plant extracts
and with the individual purified alkaloids. All test compounds, endpoint
substrates, and their metabolites were quantified using liquid chromatography and high resolution mass spectroscopy. The Papp values for
individual Rauwolfia alkaloids were comparable whether measured
individually or as components of the complete extract. There was no
evidence that Rauwolfia extract inhibited the phase I or phase II drug
metabolizing activities assayed. Rauwolfia extract significantly inhibited
drug antiporter activity. The positive control, ketoconazole, significantly
inhibited all of these activities. These findings suggest that the Caco-2

assay is capable of identifying both bioavailability and potentially hazardous drug-supplement interactions in complex mixtures. The assay
will be evaluated with additional botanical extracts to further assess its
overall applicability to hazard assessment of botanical dietary supplements.

3144 Comparison of Hazardous and Innocuous

Proteins in Primary Human Intestinal Epithelial
Cell Monolayers

C. Zimmermann1, B. Delaney1, B. Hurley3, and A. Eaton2. 1DuPont
Pioneer, Johnston, IA; 2Massachusetts General Hospital, Boston,
MA; and 3Massachusetts General Hospital/Harvard Medical
School, Boston, MA.
An in vitro method employing human derived intestinal epithelial cell
(IEC) line monolayers grown on permeable Transwell® filters has been
investigated to differentiate between hazardous and innocuous proteins. Results indicated this method was effective at differentiating
between the two classes of proteins and permeability of established
monolayers was the most sensitive indicator of the measured variables,
specifically as measured by transepithelial electrical resistance (TEER).
In the current study, in vitro indicators of monolayer integrity, cytotoxicity, and inflammation were evaluated using primary (non-transformed) human intestinal epithelial cells cultured on Transwell® filters
to compare the effects of a hazardous protein (Clostridium difficile Toxin
A [ToxA]) and an innocuous protein (bovine serum albumin [BSA]). ToxA
exerted reproducible adverse effects on primary cell monolayer integrity and TEER was the most sensitive indicator of adverse effects while
BSA did not cause changes in any of the examined variables even at substantially higher concentrations. These results demonstrate that primary
IEC monolayers behave similarly to transformed IEC lines with respect to
their response to hazardous protein exposure and therefore reinforce
the usefulness of IEC lines as a valid experimental platform to differentiate between hazardous and non-hazardous proteins.

3145 Human Gut-on-a-Chip as a Model for

Bioavailability and Biotransformation Studies

M. van der Zande, K. Kulthong, J. Bokkers, L. Duivenvoorde, and
H. Bouwmeester. RIKILT Wageningen University & Research,
Wageningen, Netherlands. Sponsor: J. Louisse.
“Gut-on-a-chip” concepts offer an interesting perspective for replacement or refinement of animal models, as the current in vitro models
often fail to mimic organ complexity. In this study, we aimed to develop
a gut-on-a-chip model with high relevance for kinetic absorption and
biotransformation studies. The assembled chip constitutes two chambers separated by a porous membrane on which Caco-2 intestinal cells
were grown. Both above and below the middle layer two fluid flows
were applied using a pump system. The dynamic microenvironment
has previously been described to highly influence cellular behaviour, so
we extensively characterised this chip model versus a static Transwell®
model. Confocal microscopy analysis and cell layer integrity evaluation using Lucifer Yellow translocation indicated a decrease in the differentiation time from 21 days in the Transwell to 7 days in the chip.
Differentiation also appeared to be more pronounced in the chip.
Translocation efficacy was measured using hrGC-MS after exposure to
a mixture of 17 dioxin congeners for 24h. Results showed similar translocation profiles between the chip and Transwell, but the percentage of
translocation was ~5x lower in the chip. In parallel metabolic activity was
monitored using qPCR evaluating the expression of CYP1A1 and CYP1A2
genes, which are known to be induced by dioxins. Metabolic activity
was similar in both systems, with high induction (~390 fold change) of
CYP1A1, but no significant induction of CYP1A2. Subsequently, we integrated a triple culture system in the chip, combining Caco-2 cells and
HT29-MTX (mucus producing cells) on the apical side of the membrane
and hMVEC-d endothelial cells on the basolateral side of the membrane.
Mucus contributes to the gut barrier function (which is absent in the
Caco-2 model) and endothelial cells are believed to facilitate long-term
tissue homeostasis in chip models and could also play an important
role in the regulation of immune responses. Confocal microscopy analysis shows successful integration of the triple cell culture in the system
and we are currently working on further evaluation of this model. In
summary, the dynamic microenvironment in our gut-on-a-chip model
influences growth, differentiation, and the translocation properties of
intestinal Caco-2 cells, showing great promise for kinetic bioavailability
studies in the future.

503
SOT 2017 Annual Meeting

pendently decreased ASR (4, 8, and 25 mg/kg), but the mid and high
doses were lethal at P15. At lower doses (1, 2, and 4 mg/kg), P15 DLM
exposure dose-dependently decreased ASR and DCO mobility. We used
the Morris water maze to assess spatial learning. At P21, 2 mg/kg of DLM
impaired spatial learning. Effects in males and females are compared.
The data demonstrate differences as a function of age and sex. The data
suggest that pyrethroids have effects not previously recognized that
could impact the US EPA’s risk assessment for this class of pesticides.

3146 Use of an Organotypic Small Intestinal Tissue
Model for Drug Toxicity, Permeability, DrugDrug Interaction, and Metabolism Studies

Toxicity and Wound Healing Using 3D-Human
Small Intestinal Tissue Model System

S. Ayehunie2, Z. Stevens2, T. Landry2, A. A. Armento2, B. Press1, P.
Hayden2, and M. Klausner2. 1Cyprotex, Waltham, MA; and 2MatTek
Corporation, Ashland, MA.

S. Ayehunie2, T. Landry2, Z. Stevens2, A. Armento2, M. Wagoner1,
M. Klausner2, and P. Hayden2. 1AstraZeneca, Waltham, MA; and
2MatTek Corporation, Ashland, MA.

The goal of this study was to validate the relevance of an in vitro organotypic small intestinal (SMI) tissue model for predicting intestinal drug
toxicity and permeation. A primary human cell based SMI 3D tissue that
recapitulates the in vivo counterpart was used to evaluate the apparent
permeability coefficient (Papp) of N = 16 drugs from different classes
(Biopharmaceutics Classification System). Toxicity was assessed using
transepithelial electrical resistance (TEER), MTT viability, and Lucifer
Yellow leakage assays. Bioavailability or efflux transport of drugs was
analyzed using LC-MS/MS. The metabolic activity of the SMI tissue
model was assessed using specific substrates and metabolites. Test
drugs with human absorption of >80% (high permeability) had in vitro
Papp of >2 x106 cm sec-1 and drugs with <80% human absorption (low
permeability) had in vitro Papp values of <2 x106 cm sec-1. Using these
criteria, the SMI tissue model categorizes the drugs as high permeabity
and low permeability with a sensitivity of 100%, specificity of 89%, and
accuracy of 94% compared to historical human absorption data. Drugdrug interactions were also examined using efflux transporter inhibitors. The inhibitors increased drug bioavailability while decreasing the
efflux ratio (ER). ER for substrates talinolol, digoxin, and loperamide
were reduced by 45%, 40%, and 60%, respectively, in the presence of
the P-gp inhibitor, verapamil. The ER of nitrofurantoin (BCRP substrate)
was reduced by 63% in the presence of the BCRP inhibitor, novobiocin.
Results from drug metabolism studies also showed midazolam (CPY3A
substrate) was metabolized (6.5% conversion) by the intestinal tissue
model. In conclusion, the SMI tissue model appear to be promising new
tool for evaluation of drug safety, permeability, and metabolism.

The mechanisms of off-target, dose-limiting gastrointestinal toxicity
for therapeutic compounds are often poorly understood. Lack of physiologically-relevant in vitro models and species differences in intestinal
physiology is a challenge for gastrointestinal (GI) toxicity studies. Here,
we evaluated the utility of the primary human cell based 3D small intestinal tissue (SMI) as an investigational tool for drug induced GI toxicity
and wound healing studies. To achieve this goal, blinded study was performed using N=8 drugs (5 problematic and 3 well-tolerated in humans)
for which dog and rat toxicity studies were not predictive of human
toxicity. The compounds were tested at five concentrations. For GI toxicity, we examined cytotoxicity by MTT and LDH assays and tissue barrier
integrity using transepithelial electrical resistance (TEER) measurements,
following two exposures over 96 hours. The results showed that the SMI
tissue detected drug induced reduction in TEER in 5/5 of the problematic drugs at concentrations at or below 30x clinical Cmax, while the 3
well-tolerated drugs showed no effect on TEER at up to 1,000x clinical
Cmax. The utility of the tissue model for wound healing studies was examined by inducing a 2 mm wound area. Tissues were cultured for up to 10
days and wound healing was monitored by confocal imaging for epithelial cell migration and fibroblast spreading. Tissues cultured in human
serum completely healed at day 6 of the culture period compared to >
10 days for control tissues. In summary, TEER measurements on the SMI
tissue appears to be a sensitive, predictive tool to assess clinically-relevant intestinal toxicity that appears to give improved predictions versus
animal preclinical toxicology models. Furthermore, the small intestinal
tissue model can be used to evaluate therapeutics for their wound
healing potential.

3147 Inter-Laboratory Reproducibility of a ThreeDimensional Model of Human Buccal Tissue

Bachelor2,
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and J. Hoeng3. 1Institute for In Vitro Sciences, Gaithersburg,
MD; 2MatTek Corporation, Ashland, MA; and 3Philip Morris
International R&D, Neuchâtel, Switzerland. Sponsor: P. Hayden.

Human three-dimensional (3D) tissue models of the human oral epithelia have been developed as an alternative to animal testing. 3D tissue
models are powerful tools for investigating basic biological function in
response to various challenges including oral care products and environmental insult. To demonstrate inter-laboratory reproducibility of the
oral epithelial model for broader utility, tissues were exposed to two
different inducers by three independent laboratories in three experimental phases. Tissues were exposed to TNF-alpha/IL-1beta to evaluate
inflammatory response or 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)
to evaluate xenobiotic metabolism using the EpiOral model. Adenylate
kinase release, CYP450 activity, MTT activity, pro-inflammatory marker
release and xenobiotic phase I enzyme expression were analyzed following exposure of the tissues to TCDD or TNF-alpha/IL-1beta. A total of
three experimental phases were conducted to evaluate both inter-phase
and inter-laboratory reproducibility. Following exposure of oral tissues
to inflammatory inducers TNF-alpha/IL-1beta, significant increases in
secreted IL-1beta, IL-8 and IP-10 were observed. Exposure of oral tissues
to TCDD resulted in significant increases in the gene expression of Phase
I metabolism enzymes including CYP1A1 and CYP1B1. A concomitant
increase in CYP1A1/1B1 activity was also observed in response to TCDD
treatment. The response of the oral epithelial tissue model to inducers
of inflammation, specifically TNF-alpha/IL-1beta, were highly reproducible as measured by cytokine release (IL-8 and IL-1beta). In summary,
we demonstrate utility of the EpiOral model for evaluation of cytotoxicity, xenobiotic metabolism, gene activation and cytokine profiling in
response to various stimuli.

3149 3D Culture Model to Assess Osteogenic

Differentiation and Morphogenetic Fusion In
Vitro

D. G. Belair, C. J. Wolf, C. Wood, R. Grindstaff, W. Padgett, A. Swank,
H. Ren, W. Winnik, A. Fisher, and B. D. Abbott. US EPA, Research
Triangle Park, NC.
Embryonic tissue fusion during development of the heart, neural tube,
and palate is critically dependent on epithelial-mesenchymal interactions (EMIs). EMIs between cranial neural crest-derived mesenchyme and
surface epithelium regulate elevation, adhesion, and fusion of opposing
palatal shelves. Cleft palate is a common birth defect in humans, and
while in vivo and ex vivo models have helped elucidate the effect of gene
knockouts and teratogens on palate fusion, they lack throughput and
human relevance needed for toxicity screening. We sought to develop
an in vitro organotypic palate model using spheroid culture of human
Wharton’s Jelly mesenchymal stem cells (hMSC). Our initial aim was to
establish the osteogenic capacity of hMSC spheroids, since pre-fusion
palatal mesenchyme exhibits an osteogenic phenotype. hMSC spheroids were cultured in osteo-induction medium (OM) and exhibited
2-fold higher alkaline phosphatase (AP) activity at days 7, 14, and 21 as
well as a 3.3-fold and 1.9-fold higher expression of osteogenic markers,
BGLAP and RUNX2, respectively, and 3.7-fold reduced expression of mesenchymal marker VIM after 7 days in OM relative to day 1. Spheroids in
OM for 7 days exhibited 1012 up- and 1544 down-regulated genes relative to day 1 spheroids via RNAseq. Up-regulated genes were associated
with ECM organization, angiogenesis, cell adhesion, and skeletal system
development via DAVID gene ontology analysis v6.8. We assessed
the influence of two chemicals known to disrupt skeletal and palatal
development in vivo and observed that culture of hMSC spheroids in
OM with either 2,3,7,8-tetrachlorodibenzo-p-dioxin or tretinoin reduced
hMSC spheroid AP activity at sub-micromolar concentrations. To further
establish the model, we showed that human primary epidermal keratinocyte progenitors (hPEKp) attached to the osteogenic hMSC spheroid
surface, and a ratio of 1.2 hPEKp/hMSC was needed to promote >70%
hPEKp coverage. We observed that epidermal-coated spheroids fused,
as hPEKp disappeared from the interface of opposing co-cultured
spheroids, and fusion was disrupted by EGF and FGF pathway inhibitors, which corroborates EGF- and FGF- dependence of palatal fusion.
Heterotypic hMSC/hPEKp spheroids provide a novel platform to assess
morphogenetic fusion in toxicology applications. This abstract does not
necessarily reflect US EPA policy.

Model Teratogen-Induced Limb Malformations

P. G. Alexander, K. L. Clark, Y. Yu, A. Pirosa, and R. S. Tuan.
University of Pittsburgh, Pittsburgh, PA.
Embryonic limb mesenchyme high density micromass culture is an
excellent system for studying skeletal tissue development in vitro. We
are developing micromass cultures with human adult bone marrow-derived mesenchymal stem cells (hBMSC) that undergo biological processes specific to different stages of limb development. In this study,
we first characterize development of static chondrogenic and hypertrophic cultures as well as mechanically stimulated cultures to model
joint segmentation. Second we challenge static cultures with toxicants
of known and suspected teratogenicity, reporting on the effects of
valproic acid and mifepristone. These two drugs were chosen to test
the possibility that hBMSC-based cultures may be used to study the
effects of teratogenic compounds on limb development. Static chondrogenic and hypertrophic hBMSCs micromass cultures were induced
to undergo differentiation with TGFb1 or triiodothyroxin, respectively.
Joint segmentation was modeled through 20 degree flexion of cultures
at 1 Hz for 4 hours per day. Gene expression and matrix remodeling
markers characteristic of each process were assayed by RT-PCR, immunohistochemistry and matrix elaboration and remodeling. Candidate
teratogens were added throughout the culture period and the effect
on stage-specific developmental markers was assayed as a function of
dose. Control micromass cultures demonstrated stage specific differentiation: chondrogenic cultures showed strong Alcian Blue staining,
high COLII and AGN expression; hypertrophic cultures showed robust
cell hypertrophy, alkaline phosphatase activity and MMP13 and OCN
expression; and joint segmentation cultures showed reduced chondrogenesis and transient indications of joint-specific gene expression such
as GDF5. Valproic acid significantly reduced chondrogenesis and subsequent hypertrophy, evident at day 10 and 14, respectively. Hypertrophy
was more susceptible to mifepristone exposure than chondrogenesis,
consistent with mifepristone function as a glucocorticoid inhibitor.
On-going experiments are focused on correlating changes in biological
processes with changes in suspected mechanistic targets. We conclude
that high density, 3-dimensional hBMSC-based micromass cultures may
represent a reproducible and controlled model to screen for potential
limb teratogens.

3152 Safety Assessment of Personal Care Absorbent
Material Using Multiple In Vitro-Reconstructed
Human Tissue Models

J. K. Warmka, D. H. Brandwein, and L. M. Milchak. 3M, St. Paul,
MN.
The 3M Strategic Toxicology Laboratory (STL) is an internal corporate
resource that provides support to 3M businesses. The STL routinely
uses in vitro reconstructed human tissue models such as EpiDerm and
EpiOcular for hazard and safety assessment purposes. Recently, a safety
assessment was completed on a personal care absorbent material using
EpiDerm, EpiOcular, and EpiVaginal. EpiDerm, EpiOcular, and EpiVaginal
are three-dimensional reconstructed human epidermal (RHE), reconstructed human cornea-like epithelium (RhCE), and reconstructed
human vaginal epithelial (RHVE) models respectively. In OECD 439,
EpiDerm is validated for identifying compounds as UN GHS Category
2 skin irritants and compounds that do not require classification per US
OSHA. EpiOcular is validated for identifying chemicals that do not require
UN GHS classification for eye irritation or serious eye damage in OECD
492. EpiVaginal is not currently a validated system for testing vaginal irritation. EpiDerm, EpiOcular, and EpiVaginal may also be used with ET50
protocols to differentiate the irritation potential of compounds. The STL
recently utilized the EpiDerm, EpiOcular, and EpiVaginal ET50 approach,
together with the standard OECD 439 and OECD 492 approaches, to
examine the irritation potential of a personal care absorbent material
on different tissue types and determine if there is agreement between
the approved OECD methods and the ET50 approach. The test material was a non-irritant in EpiDerm and EpiOcular, with excellent agreement between the ET50 and OECD protocols. EpiVaginal results also
suggest that the material was a non-irritant; however, the EpiVaginal
system required several rounds of testing and method optimization to
confirm the non-irritant result and the tissues were more challenging for
handling. In summary, results from all three tissue models showed that
the personal care absorbent material is not an irritant in these systems
and this approach was useful for product safety assessment using multiple tissue types. Further studies are needed to identify an optimized
ET50 protocol using EpiVaginal with appropriate negative controls and
washing techniques to maximize the systems future utility in the STL.

3153 Chemical Screening for Bioactivated
3151 Bhas-42 Cell Transformation Assay Historical
Control Data

K. Pant, S. W. Bruce, J. E. Sly, M. K. La-Force, E. Andrus, and R.
Kulkarni. BioReliance Corporation, Rockville, MD.
The Bhas-42 cell transformation assay (CTA) is a sensitive short term
system for predicting chemical carcinogenicity. In recent years this assay
has become popular in tobacco product testing. Bhas-42 cells were
established from BALB/c 3T3 cells by the transfection of v-Ha-ras gene
and postulated to be initiated in the two-stage carcinogenesis theory.
The assay protocol consists of two assays, the initiator assay (Sasaki, et.al.
1988, 1990, Asada, et.al. 2005) and promoter assay (Ohmori, et.al.2004,
2005) to detect tumor-initiating and promoting activity, respectively, of
chemical carcinogens. The Bhas-42 cell transformation assay uses the
Bhas-42 cells and measures induction of morphologically transformed
(MT) foci that show invasive growth into the monolayer of surrounding
contact-inhibited cells. There are many improvements in the Bhas-42
assay over the earlier version of Balb/c 3T3 CTA. The timing of the assay
as well as the number of replicates needed have been reduced. The procedures for the initiator and promoter assays are different and utilize
different cell numbers. The treatment durations are three and ten days
in the initiator and promoter assays, respectively. BioReliance has been
performing this assay for more than a decade and over the years has
accumulated an extensive historical database for the Bhas-42 CTA. The
positive control used for the Bhas-42 initiator assay is 3-methylcholanthrene (3MCA) at 1.0 µg/mL and for the Bhas-42 promoter assay is
12-O-tetradecanoylphorbol-13-acetate (TPA) at 50 ng/mL. Vehicle controls include, but are not limited to cell growth medium, dimethyl sulfoxide (DMSO) and acetone. In the Bhas-42 Initiator assay the frequency
of mean MT foci are 4.4 and 26.2 for the vehicle and positive controls,
respectively. In the Bhas-42 Promoter assay the mean values are 5.1 and
22.99 for the same. These data are from year 2009 to year 2016. In this
poster we will present the vehicle and positive control data over the
years with C Charts and 95% control limits to show consistent results
over the years for both the initiator and promoter CTAs.

Electrophilic Metabolites Using Alginate
Immobilization of Metabolic Enzymes (AIME)

D. E. DeGroot, R. S. Thomas, and S. O. Simmons. US EPA, Research
Triangle Park, NC.
The US EPA’s ToxCast program is designed to assess chemical perturbations of molecular and cellular endpoints using a variety of highthroughput screening (HTS) assays. However, existing HTS assays have
limited or no xenobiotic metabolism which could lead to a mischaracterization of chemical hazard if the parent compound is detoxified or
bioactivated in vivo. The Alginate Immobilization of Metabolic Enzymes
(AIME) platform is an HTS-compatible, retrofit solution that addresses
this problem by attaching metabolically active alginate-hepatic S9
microspheres to solid supports extending from microplate lids. As an
initial proof-of-concept study, we coupled the AIME platform with the
MSTI Fluorescence-Based Thiol-Reactive Assay (MSTI) to identify electrophiles formed by metabolic bioactivation. Eighty compounds were
acoustically dispensed into 96-well plates to which phosphate buffer
containing an NADPH regeneration system was subsequently added.
AIME lids containing active human hepatic S9, heat-inactivated S9 or
alginate-only (empty) microspheres were immediately added and
allowed to incubate with the test compounds, each at a single concentration, for 1 hour at 37°C. The MSTI probe was then added to each
plate to detect the formation of electrophiles. The Z’ scores were 0.66,
0.82, and 0.77 for the active, heat-inactivated, and empty microsphere
plates, respectively indicating HTS screening compatibility of the MSTI
assay with the AIME platform. Nine compounds demonstrated increased
electrophilicity in the presence of the active S9 AIME lid (5-12% over
the heat-inactivated control). In an effort to increase the sensitivity of
the AIME-MSTI coupled assay and the capture of potentially electrophilic metabolites, the experiment was repeated with the MSTI probe
included during the AIME incubation. The resulting Z’ scores (<0.5) indicated that this procedure was unacceptable for this HTS assay. Overall,
these results indicate the potential for retrofitting chemical assays with
the AIME platform, but also highlight a major challenge -- the determination of assay conditions that not only support the activity of xenobiotic metabolizing enzymes but are compatible with the recipient assay.
This abstract does not necessarily reflect the policy of the US EPA.
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3150 Human Mesenchymal Stem Cell Cultures to

3154 Effect of Modification of Microcystin Structure
on Cellular Uptake and Cytotoxicity in OATPTransfected HEK293 Cells

and the Vehicle Controls Tested in the Neutral
Red Uptake Assay Using Various Cell Lines

G. Kaur, S. Altaner, I. Zemskov, V. Wittmann, and D. R. Dietrich.
University of Konstanz, Konstanz, Germany.

T. Ajao1, G. Mekala1, and F. Z. Sheabar2. 1Enthalpy Analytical, Inc,
Richmond, VA; and 2Panaceas, Midlothian, VA.

Chronic exposure of humans to microcystins (MCs), cyanobacterial
toxins found in contaminated drinking water or seafood causes considerable toxicity. Structurally, MCs are cyclic peptides consisting of 2
variable L- and 5 D-amino acids generating around 100 structural congeners. It is well-established that MC-mediated cytotoxicity after uptake
by human hepatic transporters, OATPs- OATP1B1 and OATP1B3, progresses by covalent binding and inhibition of protein phosphatases
through specific amino acids, increasing cell phosphorylated protein
load and deregulation of fundamental cellular processes. While the
amino acids important for protein phosphatase binding are well known,
the effect of modifying certain MC structures on OATP transport is not
studied. In this study, we have generated MC structure modifications
and observed the collective effect on cellular uptake and cytotoxicity in
OATP1B1 and OATP1B3 stably transfected HEK293 cells using Western
blot analysis, MTT cell viability assay and in vitro protein phosphatase
assay. While introduction of a small propargyl group showed comparable OATP transport and phosphatase inhibition to natural MC-LF,
addition of biotin to this propargyl tag-MC-LF decreased OATP transport
and increased HEK293 cell viability. Deletion of the Adda side chain on
MC-LF decreased inhibition capacity (by ~1000 times) in comparison to
natural MC-LF while its stereo isomerization at two chiral centers completely diminished in vitro protein phosphatase inhibition. These data
indicate that MC cellular uptake and cytotoxicity has a complex interplay of various MC structural domains and slight modification such as
addition of a biotin may alter the effects quite considerably. Thus studies
using such tags must be carefully extrapolated. It also indicates involvement of possibly unrelated parts of MC structure important for OATP
uptake and protein phosphatase inhibition.

Dimethyl Sulfoxide (DMSO) is widely used as a solvent in toxicology
studies. When relatively small levels are used almost no toxicity is seen.
The aim of this study was to determine the cytotoxic effect of DMSO in
CHO-K1, Balb/c 3T3 and A549 cells when added to vehicle and positive
controls (Sodium Lauryl Sulfate, SLS), and cigarette smoke condensate.
Cytototoxicity was determined by the neutral red uptake (NRU) assay.
Cells were seeded in 96 well plates at about 10,000 cells per well. Plates
were incubated for 24 ± 3 hours at 37 °C. DMSO or TPM or SLS in media
were mixed at various concentrations to a final volume of 9ml. Eight
aliquots of 200 µl DMSO or SLS and media mixtures were added to different columns of four 96 micro well plates. The plates were incubated
for another 24 ± 3 or 48 ± 3 hours at 37°C. The cells were exposed to NR
media and the absorbance of the cells NR dye was read at a wavelength
of 540 nm. The current study was done in three stages. First, the addition
of various percentage volumes of DMSO to cells was mainly to determine
the level of toxicity in cells. It is determined that using greater than 1.5, 1
and about 2 % DMSO brought increase in cytotoxicity in CHO-K1, Balb/c
3T3 and A549 cells, respectively. Second, the effect of various concentrations of various DMSO levels (0 - 5 %) in the presence of SLS (0 - 100 μg/
ml) was to determine the effect of DMSO on the cytotoxicity of the positive controls (SLS). It was determined from the results that the addition
of DMSO in the presence of SLS brought an increase in the cytotoxicity
of the exposed cells. Lastly, the determined absorbance levels in the
negative controls containing 1.5% DMSO in the TPM doses validated the
previous findings. Results indicated that reducing the amount of DMSO
by 50% in the vehicle control of the TPM doses brought an increase in
the absorbance. In conclusion, it is highly recommended to maintain the
DMSO dose level below 1.5, 1 and 2% in order to reduce the cytotoxicity in the CHO-K1, Balb/c 3T3 and A549 cells, respectively. \\RICFS02\
Operations\Section Management\Toxicology\Geetha\The cytotoxicity
of DMSO poster\The cytotoxicity of DMSO abstract.docx

3155 Real-Time Assessments of Cellular Responses to
Interpret Exposure: Bioactivity Profiles of Fruit
and Vegetable Juices
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3156 The Effect of DMSO on the Cytotoxicity of SLS

B. Cholewa, B. Wetmore, B. Parks, M. Black, and M. Andersen.
ScitoVation, Research Triangle Park, NC.
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ToxCast is a high-throughput (HT) screening effort developed by the
EPA to screen thousands of chemicals to inform prioritization efforts.
In this study, 30 organic fruit and vegetable extracts were screened in
a ToxCast-employed real-time platform across three cell lines (HepG2,
A549, and T47D) in 8-point concentration response to supplement the
chemical space assessed to date. The platform (ACEA) uses HT plate-embedded electrodes to continuously measure changes to cell number,
adhesion, size and morphology. This platform is designed to provide
both a snapshot of an effect (e.g., cytotoxicity) at a discrete timepoint, as
well as a continuous dataset to delineate adaptive, reversible responses
from irreversible responses that culminate in cytotoxicity. Across the
fruits and vegetables tested, five concentration-dependent response
patterns were observed: control-like, stimulatory, cytostatic, inhibitory,
and cytotoxic. In A549 cells, stimulatory effects were observed in cruciferous vegetables broccoli, cauliflower and kale at concentrations
ranging from 0.4 to 1.1 % v/v, whereas green beans and butternut
squash elicited inhibitory responses at 3.3% v/v and higher. In contrast,
when assessed in HepG2 cells, green beans and butternut squash elicited a stimulatory response, emphasizing the need to consider cell-type
specific responses. Using eight different extract concentrations (0.04%12.5%), this method allowed us to determine IC50 values for the fruits
and vegetables that elicited a cytotoxic response at given time points.
Assessments of exposures required to achieve systemic concentrations
similar to those eliciting bioactivities used a reverse dosimetry approach
along with crop pesticide residue data to estimate ToxCast chemical
exposure and juice volume yield per quantity juiced to estimate fruit/
vegetable exposure. Comparison of these external dose equivalents
showed that an average person would need to consume significantly
more produce to achieve these internal bioactive concentrations for
pyraclostrobin than they would of spinach or broccoli. Overall, these
data provide 1) context into the importance of continuing to develop
accurate IVIVE methods, 2) how exposure-activity ratios are a necessary
consideration when prioritizing chemicals using HT screening methods
3) and the value of utilizing real-time continuous data to discern reversible from irreversible cytotoxic responses.

3157 Non-Invasive, Real Time Monitoring of Cellular

Function and Assessment of Chronic Toxicity in
4-Organ Microfluidic Platform

A. Lavado5, C. Oleaga5, S. Rothemund5, C. Carmona-Moran5, Y.
Cai5, C. Lorance2, L. R. Bridges5, M. T. Schnepper5, C. W. McAleer2,
C. J. Long2, J. Langer4, A. Riu3, R. Note3, S. Teissier3, J. Cotovio3 ,
L. Breton3, M. L. Shuler1, and J. J. Hickman5. 1Cornell University,
Ithaca, NY; 2Hesperos, Inc, Orlando, FL; 3L’Oréal Research and
Innovation Division, Aulnay-sous-Bois, France; 4L’Oréal Research
and Innovation Division, Clark, NJ; and 5University of Central
Florida, Orlando, FL.
Screening of systemic toxicity in the cosmetic industry faces major challenges due the ban on animal testing and the lack of sufficient in vitro
models. These issues have necessitated the development of alternative
in vitro systems to model the function of human tissue. ‘Body-on-a-chip’
systems utilize function based cell assays that accurately reflect the complexity of multiple organs with recirculating medium, scaled to physiologically relevant levels. These systems enable measurement and quantification of key cellular attributes that report the physiological status
of organ mimics when used to evaluate the potential toxicity of compounds. Our work demonstrates a functional human 4-organ system
under continuous flow conditions in a serum-free, defined medium
utilizing a pump-less platform for 28 days. Organ functions were interrogated upon drug treatment and evaluated by analyzing changes in
(i) electrophysiological and mechanical cardiac function, (ii) neuronal
activity, (iii) muscle contractility, (iv) hepatic CYP450 activities, albumin
and urea profiles, in combination with (v) a comprehensive metabolic
panel. This system, with extended functional viability, provides unique
monitoring of individual cellular function through these non-invasive
read-outs in real-time for not only acute but chronic measurements.
Viability of the system was demonstrated for 28 days as well as functional activity of cardiac, skeletal muscle, neuronal and liver modules in
response to changes from different drugs and compared to clinical data.
The presented phenotypic culture model exhibits function over 28 days,
representing the next generation of in vitro systems for repeatable dose
systemic toxicity screenings. Further steps involve the integration of a
skin module, mimicking a cosmetic application upon topical exposure.

Conditions for Cell Incubation and Handling
Attentuates the In Vitro Growth of Human
Mesenchymal Stem Cells through Effects on
Individual Cell Fate

A. D. Henn, G. A. Farrell, S. Darou, and R. Yerden. BioSpherix, Parish,
NY. Sponsor: T. Hartung.
In vitro assays hold the promise of reducing or replacing animals for
routine toxicological testing. Critical to in vitro reproducibility are
well-controlled conditions for cell incubation and handling. Previous
work by other groups has shown that several cell types including
Mesenchymal Stem/Stromal Cells (MSC) experience tremendous oxidative stress under traditional room air conditions which are hyperoxic
(~20% O2) compared to in vivo conditions. We previously published that
full-time unbroken incubation and handling conditions with full-time
physiologically-relevant oxygen levels (5% O2) can boost MSC growth
and keep cells growing longer than oxygen controlled conditions for
incubation only. Our hypothesis for this study is that traditional room air
cell culture incubation (20%O2/0.05% CO2), in addition to cell handling
in room air conditions would also affect MSC fate. Human MSC cultures
were split into different conditions; room air conditions (traditional CO2
incubation/HEPA filtered room air handling) or full-time physiologic O2
and CO2 for cell incubation and handling (the Xvivo System X3). The
CytoSMART live cell imaging system was used for time-lapse photography. All cell culture media were pre-equilibrated to the matching cell
handling conditions before use. Cell images were recorded every 15
minutes over 3-4 days of culture over early and late stage passages and
analyzed frame-by-frame. Individual cells were labeled and traced for
cell fate decisions. Exposure to room air conditions did not affect how
much time it took MSC to adhere after trypsinization or to start dividing,
but did affect how many cells were able to undergo cell division at all.
Statistically, more cells exited the cell cycle and ceased cell division
when cultured and handled in room air than under full-time physiologic
oxygen conditions. Cell viability for all cultures was greater than 90% at
all times. This resulted in an overall cytostatic effect, rather than a cytotoxic effect, that was not obvious unless direct comparisons were made.
We concluded that full-time protection of human MSC from room air,
during cell incubation as well as cell handling, helped keep individual
cells in the cell cycle to produce the observed population-wide effects.

3159 Development of a Curated Database of In Vivo
Developmental Toxicity Data

P. Ceger1, N. Choksi1, J. Hamm1, J. Truax1, A. Daniel1, D. Allen1, V.
Sutherland2, B. McIntyre2, P. Foster2, E. Maull2, and W. Casey2.
1ILS, Research Triangle Park, NC; and 2NIEHS, Research Triangle
Park, NC.
Results of tests to evaluate chemicals for potential adverse effects on
fetal development inform product development decisions, as well as
inform the public and other stakeholders. Regulatory agencies also use
results to support acceptance and product labeling. Currently accepted
in vivo testing protocols used to generate these data are time- and
resource-intensive and require the use of animals. Advances in science
and technology offer the promise of alternative approaches in in vitro
models that use human cells and tissues that may increase assessment throughput. As high-quality in vivo reference data are critical to
establishing the biological relevance, usefulness, and limitations of any
alternative approach, we have conducted a systematic search for highquality mammalian developmental toxicity studies. We focused on identifying agents that are associated with a range of developmental toxicity
effects, ranging from subtle effects on fetal weight, increased incidence
of variations, to terata and post-implantation loss. Agents were selected
based on the availability of “high quality” studies (i.e. appropriately
designed and powered with relevant endpoints, as well as covering
likely different modes of action). These studies underwent further evaluation and assessment to identify and extract data. The resulting dataset,
consisting mostly of data from National Toxicology Program prenatal
developmental toxicity studies, consisted of results from tests of over
70 agents. These data, which include detailed maternal (e.g., maternal
weight gain) and fetal outcomes, are currently being entered into a
searchable electronic database. This comprehensive database will be
made available to the public to serve as a resource for evaluating the
performance of alternative methods that measure key events in pathways associated with developmental toxicity. (This project was funded in
whole or in part with Federal funds from the NIEHS, NIH under Contract No.
HHSN273201500010C)

3160 Evaluating Defined Approaches to Testing and
Assessment of Skin Sensitization Potential

N. Kleinstreuer4, J. Strickland3, V. Zuang2, A. Lowit5, J. Matheson1,
D. Allen3, W. Casey4, and M. Whelan2. 1CPSC, Rockville, MD;
2European Commission, Ispra, Italy; 3ILS, Research Triangle Park,
NC; 4NIEHS, Research Triangle Park, NC; and 5US EPA, Washington,
DC.
Skin sensitization is a toxicity endpoint of widespread concern for
which the mechanistic understanding and concurrent necessity for
non-animal testing approaches have evolved to a critical juncture, with
many available options for predicting chemical sensitization potential
without using animals. The International Cooperation on Alternative
Test Methods (ICATM) held a workshop in October 2016 on acceptance
of non-animal test methods for assessing skin sensitization potential
which was attended by regulators from around the world. A product
of the ICATM workshop was the development of an assessment framework for integrated non-animal approaches that could serve as replacements for the current animal test, the local lymph node assay (LLNA). A
set of criteria were proposed by the workshop participants and further
developed by ICATM to facilitate the evaluation of a number of existing
alternative approaches, based on key elements such as biological plausibility, accessible data interpretation procedures, and performance
against reference chemicals. The thresholds for acceptable performance were derived from the LLNA assay, based on its reproducibility
and its accuracy against human data, where available. The cosmetics
sector was used as an example, given the broad coverage of chemical
ingredients with in vitro data in many assays, including the three test
methods adopted as Test Guidelines by the Organization for Economic
Cooperation and Development (OECD), and the existence of well-characterized in vivo data/classifications in both animals and humans. Multiple
‘defined approaches’ that were submitted as case studies to the OECD
for predicting both hazard and potency were assessed to demonstrate
how this framework and the associated performance standards can be
applied. Defined approaches examined include consensus methods,
artificial neural networks, support vector machine models, and decision trees. Multiple non-animal testing strategies incorporating in vitro,
in chemico, and in silico inputs demonstrated comparable or superior
performance to the LLNA, fulfilled the criteria in the ICATM assessment
framework, and should be considered as acceptable replacements for
regulatory purposes.
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3161 SEAZIT: The National Toxicology Program’s
Systematic Evaluation of the Application of
Zebrafish in Toxicology

J. Hamm2, P. Ceger2, E. Maull3, S. Padilla9, E. Perkins8, A.
Planchart4, D. Stedman6, T. Tal9, R. Tanguay5, D. Volz7, G. Baker1,
M. Stout3, and N. Walker3. 1Battelle, West Jefferson, OH; 2ILS,
Research Triangle Park, NC; 3NIEHS, Research Triangle Park, NC;
4North Carolina State University, Raleigh, NC; 5Oregon State
University, Corvallis, OR; 6Pfizer, Inc, Groton, CT; 7University of
California Riverside, Riverside, CA; 8US Army Engineer R&D Center,
Vicksburg, MS; and 9US EPA, Research Triangle Park, NC.
Zebrafish are being considered for use in hazard identification and
risk assessment in the Tox21 and ToxCast programs. A Collaborative
Workshop on Aquatic Models and 21st Century Toxicology identified
lack of standardized husbandry and testing protocols as a challenge to
broader use. Addressing this is the central focus of a National Toxicology
Program initiative, the Systematic Evaluation of the Application of
Zebrafish in Toxicology (SEAZIT). The initial phase of SEAZIT cataloged
common current practices in zebrafish assay protocols. Zebrafish
researchers in academic, federal, and industry labs were asked about
their practices and the literature was surveyed to incorporate recent
efforts to standardize zebrafish toxicity screening. Information was collected about protocol components including zebrafish strains, types of
feed, preparation of system water, disease surveillance practices, embryo
exposure conditions, and endpoints assessed. Interviews revealed a
high degree of variability across design parameters, data collected, and
analysis procedures. The presence of the chorion and whether or not
exposure media is renewed every 24 hours (static versus static-renewal)
were identified as key parameters that potentially influence study outcomes. Accordingly, an interlaboratory study was designed to determine the influence of the chorion and exposure media renewal on study
outcomes. Reference chemicals selected for the interlaboratory study
represent a range of physicochemical properties, potency, and modes
of action. Ultimately, this comprehensive effort will improve guidance
for the use of zebrafish in toxicity evaluation. This project was funded in
whole or in part with Federal funds from the intramural research program
of NIEHS/NIH and under Contract No. HHSN273201500010C. This abstract
may not necessarily reflect official US EPA Agency policy.
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3158 Oxygen Stress in Traditional Room Air

3162 EU-ToxRisk - An Integrated European Research
Program Driving Mechanism-Based Toxicity
Testing and Risk Assessment

R. Graepel4, H. Kamp1, P. Jennings5, S. Escher3, D. Kroese6, J.
Hengstler2, and B. van de Water4. 1BASF, Ludwigshafen, Germany;
2IFADO, Dortmund, Germany; 3ITEM, Hannover, Germany; 4Leiden
University, Leiden, Netherlands; 5Medical University Innsbruck,
Innsbruck, Austria; and 6TNO, Zeist, Netherlands.
EU-ToxRisk is a new, large multidisciplinary research project that has
received €30 million funding through the European Commission’s
Horizon 2020 scheme. The main aim of the project is to develop human
relevant toxicity testing strategies that can be applied in a regulatory or screening context using only new approach methods (NAMs).
These approaches will be based on mechanistic understanding guided
by adverse outcome pathways (AOPs) that will be developed in the
project. It will integrate advancements in cell biology, omics technologies, systems biology and computational modelling to define the
complex chains of events that link chemical exposure to toxic outcome.
The focus of this project is on two areas: repeated dose systemic toxicity, using the lung, kidney, liver and nervous system as examples of
potential target organs; and developmental and reproductive toxicity.
The project will directly address two complementary critical regulatory
needs: 1) Pragmatic, solid “read-across” procedures between chemicals
and 2) ab initio hazard and risk assessment strategies of chemicals with
little background information. The EU-ToxRisk work plan incorporates a
broad spectrum of case studies, with contributions from all the relevant
stake holders, i.e. (i) the cosmetic, (agro)-chemical, and pharma industries, (ii) regulators and (iii) academic specialists. Different, tiered test
systems are integrated to balance speed, cost and biological complexity.
In this communication we will describe the planned workflow of the
EU-ToxRisk project and present results of the progress so far, with particular emphasis on the mitochondrial toxicity, valproic acid and microvesicular steatosis case studies. The results of these case studies will drive
the informed definition of integrated testing strategies to support future
chemical safety testing.

3163 Identification of Environmental Chemicals

with Potential Roles in Obesity and Diabetes
Using Animal Studies from US EPA and NTP
Toxicological Databases
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Boyd2,

Pirone3,

Shaw1,

Kleinstreuer2,

W. A.
J. R.
M. P.
N. C.
M. T.
Martin4, A. Rashid1, J. M. Fostel2, and K. A. Thayer2. 1ASRC Federal
Vistronix, Morrisville, NC; 2NIEHS, Research Triangle Park, NC;
3Sciome LLC, Research Triangle Park, NC; and 4US EPA, Research
Triangle Park, NC.
An emerging issue in public health is understanding the role environmental chemicals may play in the development of prevalent chronic
diseases such as obesity and diabetes. Identification and prioritization
of chemicals for further testing poses a challenge when relying only on
published data. To address this challenge, searches were performed
for animal studies within the US EPA’s Toxicity Reference Database
(ToxRefDB) and the NTP’s Chemical Effects in Biological Systems (CEBS)
Database of chemicals leading to at least one of three outcomes that
may be indicative of obesity or diabetes: increased body weight (or
body weight gain), increased blood glucose, or pancreatic toxicity. The
robustness of study findings for each identified chemical was calculated
based on an algorithm that considered consistency of findings across
independent studies, species, and sexes as well as whether the effect
was observed at multiple dose levels or only at the highest dose level.
Results were compared to prediction models using high throughput
screening data to assess screening utility of ToxCast and Tox21 for metabolic effects. A total of 303 chemicals were found to cause at least one
statistically significant effect out of the three outcomes of interest. Many
chemicals led to effects on at least two outcomes (10 on increased body
weight and blood glucose, 29 on body weight and pancreas, and 10
on blood glucose and pancreas); these included environmental chemicals used in industrial settings, consumer products, or as pesticides,
which are relatively data poor, as well as pharmaceuticals (failed and
still in use) with more available toxicological data. Only one chemical,
the industrial intermediate isobutene, resulted in effects on all three
outcomes in rat inhalation studies conducted by the NTP. These findings
will help researchers develop novel hypotheses for studying environmental chemicals of potential interest in diabetes- or obesity-related
outcomes.

3164 How Important Is Expert Review When

Measuring EC3 Predictions in Derek Nexus? Alkyl
Halides: A Case Study

D. S. MacMillan2, L. A. Johnston2, M. L. Chilton2, and A. de Smedt1.
1Janssen Research and Development, Beerse, Belgium; and 2Lhasa
Limited, Leeds, United Kingdom. Sponsor: C. Barber.
There is a pressing need to assess new and existing chemicals for their
skin sensitising potential in order to mitigate exposure accordingly. To
this end, an in silico k-Nearest Neighbours model has been developed
which quantitatively predicts the potency (EC3 value) of a query chemical. The model was developed from over 1000 murine Local Lymph
Node Assay (LLNA) studies, corresponding to over 600 unique chemicals with good quality data. The predicted EC3 is calculated using the
weighted average of EC3 values of up to 10 most similar compounds
within the same mechanistic space e.g. chemicals activating the same
Derek skin sensitisation alert. The model has been validated using previously unseen data donated by seven Lhasa Limited members (n = 103)
and predicts the majority (64%) of chemicals in the correct GHS classification category. 25% were predicted as more potent (GHS 1A instead of
1B) and the final 11% were predicted as less potent than experimentally
observed (GHS 1B instead of 1A). The most commonly observed chemical class within this external data set was the alkyl halides, with nearly
20% of the previously unseen chemicals activating the related Derek skin
sensitisation alert (19/103 chemicals). Of these 19 alkyl halides, 14 were
correctly assigned by Derek Nexus to their experimentally derived GHS
classification. The remaining 5 chemicals, a subset of the data donated
from Janssen, were mispredicted as more potent (experimental EC3
range = 14.5%-48.3%, predicted EC3 range = 0.017%-0.063%). Expert
review of the alert space revealed that of the 36 chemicals activating the
same alert in the prediction model, 34 alkyl halides ranged in potency
from 0.20% to non-sensitisers, and two extremely potent alkyl halides
(EC3 = 0.005% and EC3 = 0.05%) were the source of this over-prediction.
The two outliers displayed high Tanimoto similarity to the query chemical(s), but upon review were not particularly chemically similar. Removal
of these outliers resulted in a significant improvement to the EC3 prediction - giving predictions that were much more in line with the experimentally derived EC3 values. This alkyl halide case study, where an EC3
prediction is improved with ‘fine-tuning’ of the alert space, emphasises
the importance of expert review for accurate quantitative predictions.

3165 Serious Eye Damage/Eye Irritation Assessment:
Reliable and Relevant Implementation of
Skinethic HCE-Reconstructed Human Corneal
Test Method in Asia Pacific Region

V. Leblanc1, M. Yokota2, M. H. Grandidier1, Y. Sato2, D. Yoshida2, D.
Kyoutani3, J. Cotovio1, and N. Alepee1. 1L’Oreal, Aulnay Sous Bois,
France; 2Nikkol Group Cosmos Technical Center, Tokyo, Japan; and
3Nikkol Group Nikoderm Research Inc., Osaka, Japan.
Assessment of ocular irritation risk is an international regulatory requirement in the safety evaluation of products. In response to this need,
L’Oréal developed the SkinEthic Human Corneal Epithelium (HCE) Eye
Irritation Test (EIT), a widely applicable, straightforward and economic
method that has been recently validated by the EURL ECVAM. The peer
review concluded that the SkinEthic HCE EIT is able to correctly and reliably identify chemicals not requiring classification (No Cat) versus labelling for eye irritation (Cat 2) or serious eye damage (Cat 1) according to
UN GHS. In an effort to promote global use of this test method for chemical categorization and safety assessment, the transferability and reproducibility of the method in Asia Pacific region was evaluated, following
an extended shipment. The current study present the validation study
conducted in Cosmos Technical Center (Tokyo, Japan) after extended
tissues transit in comparison to results obtained in L’Oréal (France). The
SkinEthic HCE was also evaluated for its performance after extended
storage of the tissues. Briefly, 40 blinded chemicals representing different functional chemical classes were tested. The chemicals provided
a balanced set consisting of 7 Cat 1 liquids, 7 Cat 1 solids, 6 Cat 2 liquids,
6 Cat 2 solids, 7 No Cat liquids and 7 No Cat solids. The intra-laboratory reproducibility based on three independent runs showed a concordance of predictions (Cat 1/Cat 2 versus Not Classified) of 100% for
Cosmos. Thirty nine out of 40 chemicals were consistently classified in
Cosmos and sponsor laboratory showing an inter-laboratory of 100%
for solids and 95% for liquids. Accuracy obtained by Cosmos’ partner
was 88.8% with a sensitivity of 100% and a specificity of 67.9% thereby
meeting all acceptance criteria for predictive capacity. It was also confirmed that the assay performs with similar level of relevance after 5 days
storage of the tissues. Thus, reliability and relevance of SkinEthic HCE EIT
test method after extended shipment as well as storage remain in agreement with regulatory validation criteria endorsing its integration as a
Validated Reference Method in the OECD Test Guideline 492 currently
under revision.

Computational Modeling to Predict Herbal
Constituent Interactions with CYP450 Enzymes

A. Arrendale, and A. L. Roe. The Procter & Gamble Company,
Cincinnati, OH.
Herbal product usage in the North American population continues to
increase across all age groups. This population has ready access to conventional medications, with significant polypharmacy observed in older
adults. Thus, the potential for dietary supplement - drug interactions
(HDI) exists. A framework is needed that describes an integrated and
sophisticated tiered approach for assessing HDI potential of dietary supplement ingredients and products. A need exists for an early screening
tier to predict potential herb - drug and herb - herb interactions (HHI)
and prioritize ingredients for second tier testing (e.g., in vitro studies).
We propose using molecular docking and computational modeling
as an initial screening tier. To do so, our pilot work estimated binding
modes and interaction potential of known herbal constituents from milk
thistle with human CYP3A4 and CYP2C9. The milk thistle constituents,
silybin A, silybin B, isosilybin A, isosilybin B, silychristin, and silibinin
were chosen since IC50 and/or Ki data exist for them. Furthermore, clinical data relative to the ability of milk thistle and constituents to cause
meaningful inhibition of drug clearance is also available. The milk thistle
constituents were examined using the Glide ligand-receptor docking
portion of the Schrodinger software package. Because the IC50 values
for the milk thistle constituents were highly similar for CYP3A4, their
glides scores fell within a tight range of -7.7 to -8.233, as expected. The
most potent constituent identified for CYP3A4 in vitro, isosilybin B (56
µM), resulted in the lowest g-score for this data set indicating the lowest
free binding energy. Isosilybin B is not a potent inhibitor of CYP2C9.
This was successfully demonstrated in silico as this compound failed to
dock in the binding site. This approach may provide a rapid and high
capacity screen to predict the effects of herbal constituents on CYP450mediated drug metabolism and transporter activity and potential drug
interactions.

3167 Molecular Modeling and Dynamic Simulations
of AhR Ligand Binding Domain Involved in
Interactions with Ligands Affecting T Cell
Responsiveness

K. N. Chitrala1, P. Nagarkatti1, and M. Nagarkatti1,2,. 1University of
South Carolina School of Medicine, Columbia, SC; and 2WJB Dorn
VA Medical Center, Columbia, SC.
Aryl hydrocarbon receptor (AhR) plays a predominant role in the
CD4+ helper T cell-mediated inflammation. AhR is known to be activated by ligands such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),
3,3’-diindolylmethane (DIM), indole-3-carbinol (I3C) and resveratrol
(RES), thereby promoting the differentiation of CD4+Foxp3+ regulatory T cells (Tregs) and inhibiting the T helper (Th)-17 cells. In contrast
6-Formylindolo[3,2-b]carbazole (FICZ) produces the opposite effect
by inducing Th17 cells and down regulating Foxp3+ Tregs. In order
to address these contrasting effects, we examined the nature of AhR
ligand:AhR interactions. To date, the three-dimensional structure of AhR
ligand binding domain (LBD) has not been elucidated, thereby limiting
the understanding of the exact mechanism underlying receptor conformational changes following the binding of these AhR ligands. To that
end, in the present study, we have generated the three-dimensional
structure of AhR ligand binding domain and analysed the mechanism
underlying receptor conformational changes following binding of
TCDD, FICZ, I3C, DIM and RES using molecular modeling and molecular
dynamic simulation (MDS) studies. Results from the molecular docking
studies showed that AhR LBD interacts with a binding energy of -7.17
kcal/mol for TCDD, -8.18 kcal/mol for FICZ, -5.48 kcal/mol for I3C, -7.18
kcal/mol for DIM and -7.84 kcal/mol for RES. Six independent MDS
revealed key interactions and major secondary structural changes in the
AhRLBD-ligand complexes, specifically at the residues in α-helices for
AhRLBD-TCDD complex, residues in the α-helices and turn for AhRLBDFICZ complex, residues in the α-helices and β-sheets for AhRLBD-I3C
complex, residues in the coils for AhRLBD-DIM complex and residues in
the α-helices and β-sheets for AhRLBD-RES complex. In conclusion, this
study defines the binding mode and relative affinity of TCDD, FICZ, I3C,
DIM and RES, and establishes the structural basis for the AhRLBD-ligand
interactions as well as reveals the conformational changes at the onset
of the ligand binding that may play a role in T cell immunomodulation.
(Supported by NIH grants P01AT003961, R01AT006888, R01ES019313,
R01MH094755 and P20GM103641)

3168 Dose-Response Modeling of Endotoxin in
Humans

J. C. Hutter2, and C. S. Kim1. 1US FDA, Laurel, MD; and 2US FDA,
Silver Spring, MD. Sponsor: P. Wiesenfeld.
Development of new quantitative microbial risk assessment methods is
needed for Gram-negative pathogens. A new approach has been presented for incorporating model uncertainties into microbial risk assessment using a specific biomarker that associates with Salmonella. We
have previously measured the distribution and pharmacokinetics of biosynthetically labeled endotoxin of Salmonella Typhimurium with 3H (fatty
acid residues) and 14C (glucosamine residues) in rats by administering
saline containing 14C, 3H-LPS (200 μg/kg) intraperitoneally (IP) ( Kim et
al., Toxicology and Industrial Health, 2014). We then developed a physiologically-based pharmacokinetic model (PBPK) using our measured distribution results in rats (Hutter and Kim, Toxicology and Industrial Health,
2014). To predict the dynamics of endotoxin exposure in human blood
and its relationship with the production of cytokine levels as critical biomarkers for infection, a human 2-compartment model was developed to
estimate levels of cytokine (TNF-alpha) in human blood during infection.
The model was calibrated with published data for E5564 (a lipid A antagonist) at a dose of 3500 µg in humans (Wong, et al. J Clin Pharmacol, 2003
43:735-742). The model was validated using published results for E5564
at lower doses. The model was also validated using published results for
ONO-4007, a lipid A synthetic agonist (deBono et al. Clin Cancer Res 2000
6:397-405). TNF-α was then fitted to the published results. This model
can be useful for the risk assessment of antibacterial or immunotoxic
effects of chemicals/pathogens in the human body during infection.

3169 A Dynamic Mass-Balance Model for Glutathione
Metabolism in the Organogenesis Stage Rat
Embryo

K. Veltman, Y. Ahmad, C. Harris, and O. Jolliet. University of
Michigan, Ann Arbor, MI. Sponsor: D. Dolinoy.
The glutathione:glutathione disulfide (GSH:GSSG) redox couple is of
major importance to embryonic development but a quantitative, systems-level understanding of conceptal redox dynamics, associated
networks, and environmental signals is currently lacking. We seek to
develop a dynamic mass-balance model for overall GSH metabolism in
the organogenesis stage (gestational day 9.5 to 11.0) rat conceptus that
accounts for the mass-fluxes of GSH precursor uptake, utilization, turnover, and enzyme kinetics. Two initial challenges were confronted: First,
rapidly growing embryos (EMB) can create a considerable ‘growth dilution’ if not accounted for, and second, GSH:GSSG dynamics are spatially-segregated where the visceral yolk sac (VYS) and EMB proper retain
their distinctly separate redox dynamics. To address these challenges,
we obtained consistent time-course data of relevant growth parameters
in rat whole embryo cultures for VYS surface area, size, volume, and the
concentrations of GSH, GSSG, cysteine (Cys), and cystine (CySS) in the
VYS, yolk sac fluid (YSF), amniotic fluid (AF), and in the EMB proper. These
data were supplemented with literature and previous laboratory data to
check for consistency and to extend model applicability. We observed
significant exponential growth for the VYS surface area (r2 =0.97), VYS
protein synthesis (r2 =0.82) and EMB protein synthesis (r2 =0.89). Our
results show that concentrations of GSH, GSSG, Cys and CySS (nmol/mg
protein) remain remarkably stable during the organogenesis period in
VYS and EMB. This indicates that GSH and Cys redox couples are each
maintained at non-equilibrium steady-state levels in both tissue compartments, albeit at different levels (VYS: GSH:GSSH = 9.14, Cys:CySS
=0.1; EMB: GSH:GSSG =13.3, Cys:CySS = 0.04). Based on these data, we
developed a mass-balance model consisting of 21 coupled differential
equations describing transport fluxes, enzyme kinetics, biosynthesis and
growth dilution of 8 metabolites (incl. GSH, GSSH, Cys, CySS) in 3 compartments (VYS, YSF+AF, EMB). The model is implemented in Matlab and
optimized using fmincon. Initial results show good overall agreement
between model predictions and measured data. The developed model
provides insights into the mass-fluxes necessary to maintain steadystate levels of GSH:GSSG and Cys:CySS in the VYS and EMB of the developing organogenesis stage rat embryo during normal development.
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3166 The Use of Molecular Docking and

3170 Computational Modeling of the Amphibian

Thyroid Axis Supported by Targeted In Vivo
Testing to Advance Quantitative Adverse
Outcome Pathway Development

J. T. Haselman, J. W. Nichols, M. W. Hornung, P. A. Kosian, J. H.
Olker, J. J. Korte, and S. J. Degitz. US EPA, Duluth, MN.
In vitro screening of chemicals for bioactivity together with computational modeling are beginning to replace animal toxicity testing in
support of chemical risk assessment. To facilitate this transition, an
amphibian thyroid axis model has been developed to describe thyroid
homeostasis during Xenopus laevis pro-metamorphosis. The model simulates the dynamic relationships of normal thyroid biology throughout
this critical period of amphibian development and includes molecular
initiating events (MIEs) for thyroid axis disruption to allow in silico simulations of hormone levels following chemical perturbations. One MIE
that has been formally described using the adverse outcome pathway
(AOP) framework is thyroperoxidase (TPO) inhibition. The goal of this
study was to refine the model parameters and validate model predictions by generating dose-response and time-course biochemical data
following exposure to three TPO inhibitors, methimazole, 6-propylthiouracil and 2-mercaptobenzothiazole. Key model variables including
gland and blood thyroid hormone (TH) levels were compared to empirical values measured in biological samples at 2, 4, 7 and 10 days following initiation of exposure at Nieuwkoop and Faber (NF) stage 54
(onset of pro-metamorphosis). The secondary objective of these studies
was to relate depleted blood TH levels to delayed metamorphosis, the
adverse apical outcome. Delayed metamorphosis was evaluated by continuing exposure with a subset of larvae until all of the controls reached
NF stage 62 (metamorphic climax). All three in vivo studies resulted in
dose-dependent reductions in glandular iodinated tyrosine and TH
with concomitant dose-dependent reductions in circulating TH levels.
Further, all three studies resulted in treatment concentrations exhibiting significantly delayed metamorphosis, providing a basis to predict
this adverse apical outcome from early circulating TH levels. This work
has advanced quantitative understanding of the amphibian TPO AOP
and demonstrated the predictive potential of an amphibian thyroid axis
model. This abstract does not necessarily reflect US EPA policy.
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Model for Thyroid Hormones in the Pregnant Rat
and Fetus

H. El-Masri, M. Jasper, and G. Mary. US EPA, Durham, NC.
Several toxicokinetic models for the distribution and metabolism of
thyroid hormones (THs), thyroxine (T4) and triiodothyronine (T3), exist in
literature. Although these models are based on mechanisms for the disruption hypothalamic-pituitary-thyroid (HPT) axis, they lack comprehensive descriptions of biological process related to tissue economy of THs,
particularly in pregnant and fetal rat tissues. The collective impact of
these developmental mechanisms is critical in quantitatively describing
TH-dependent neurodevelopmental adverse outcome pathways (AOPs)
in the developing fetus. During early gestation, the fetus relies solely on
the dam to supply THs. As such, the economy of maternal THs during
pregnancy is tightly regulated. Regulation of serum THs is dependent
on the function of the HPT axis, while THs tissue economy is modulated
by a complex system of THs distribution and transport into tissues and
the activity of iodothyronine and other metabolizing enzymes. Once
in tissue, TH action is primarily mediated by T3, largely produced by
the deiodination of T4. Three types of deiodinating enzymes are distinguished by their tissue distribution, physiological roles, affinity for
substrate, and TH metabolites they form. For these purposes, a developmental physiological-based-pharmacokinetic (PBPK) model was
constructed to include these complex mechanisms to quantitatively
describe the tissue economy of the thyroid hormones (THs). Specifically,
the PBPK model quantitatively incorporated the impact of physiological
processes of TH secretion and transport, tissue distribution, diffusion
into tissue, deiodinase activation/deactivation, and metabolic clearance to estimate THs levels in tissues in pregnant and fetal rat tissues
including the fetal brain. Results from the PBPK model simulations illustrate the individual and collective quantitative sensitivity and impact of
these biological process on fetal tissues THs levels when compared to
experimental and literature data. Implementation of this PBPK model
will enable a quantitative characterization of 1) the impact of chemical
exposure on serum TH concentration in the dam and fetus and 2) the
relationships between reductions in serum TH and TH-dependent neurodevelopmental impairment. Disclaimer: This abstract does not necessarily reflect US EPA policy.

3172 Dynamical Systems Modeling of the Human
Hypothalamic-Pituitary-Thyroid Axis:
Developing Quantitative Adverse Outcome
Pathways for Thyroid Endocrine Disruptors

P. O. Fueta, and Q. Zhang. Emory University, Atlanta, GA.
Thyroid disease is prevalent worldwide and in many cases a consequence of perturbations in the hypothalamic-pituitary-thyroid (HPT)
axis by environmental endocrine disrupting chemicals (EDCs). Despite
rigorous research, cost-effective quantitative tools predicting the health
risks of EDCs for human populations are still lacking. As chemical toxicity testing is moving away from animal-based studies to cell-based
approaches, how to evaluate and interpret the in vitro assay data in
an in vivo context to inform health risk within the adverse outcome
pathway (AOP) framework is a challenging task. This is particularly true
with EDCs, where systemic homeostatic regulations through neural and
endocrine means can often adequately compensate for perturbations
initiated locally in an endocrine organ or tissue. An effective approach
is to develop dynamical systems models of the human hypothalamic-pituitary-endocrine axes which can extrapolate in vitro effects into in
vivo health outcomes. Here we present our initial effort in developing
a computational model of the human HPT axis and its perturbation by
thyroid disruptors. The deterministic model comprises a set of ordinary
differential equations that capture the feedback regulation between key
hormonal species (TSH, T3 and T4) in the HPT axis, their degradation,
distribution, and plasma buffering by thyroxine-binding globulin. The
initial model is parameterized to represent an average euthyroid condition and can also be tweaked to simulate primary or secondary hyperor hypothyroid conditions induced by EDCs. By incorporating population data from the literature and public databases such as NHANES,
we subject the initial model through a Bayesian process to produce
posterior parameter distributions. This allows us to generate a diverse
virtual human population that captures the normal hormone ranges
and the inverse relationship between TSH and free T4. The model, as
being improved with new data, will provide a long-desired computational tool to translate in vitro endocrine testing assay results to organism-level responses that are otherwise unobtainable. Incorporating relevant biomonitoring and metabolomic data and in combination with
physiologically-based pharmacokinetic modeling, the quantitative AOP
model of HPT will provide the toxicodynamic piece needed to predict
thyroid health risk for humans exposed to environmental EDCs.

3173 Physiologically-Based Pharmacokinetic

Modeling of Human Exposure to
Perfluorooctanoic Acid Suggests Historical Non
Drinking Water Exposures are Important for
Predicting Current Serum Concentrations

R. R. Worley1, J. Fisher2, and X. Yang2. 1CDC/ATSDR, Atlanta, GA;
and 2US FDA/NCTR, Jefferson, AR.
Background Manufacturing of perfluorooctanoic acid (PFOA), a synthetic chemical with a long half-life in humans, peaked between 1970
and 2002, and has since diminished. In the United States, PFOA is
detected in the blood of >99% of people tested, but serum concentrations have decreased since 1999. Much is known about exposure to
PFOA in drinking water; however, the impact of historic exposures to
PFOA through non-drinking water pathways (including ingestion of contaminated food and incidental ingestion due to use of PFOA-containing
consumer products) on serum PFOA concentrations is not well characterized. Objectives The objective of this research was to determine if
variability in serum PFOA concentrations measured in two communities with well-characterized exposure to PFOA in drinking water can be
attributed to historic non-drinking water PFOA exposures. Methods A
physiologically based pharmacokinetic (PBPK) model for human exposure to PFOA via drinking water and non-drinking water pathways was
developed. In vitro to in vivo extrapolation was used to describe active
transport of PFOA in the kidney. Monte Carlo simulations were incorporated to evaluate sensitive model parameters including historic nondrinking water exposure, body weight, and drinking water intake rate
that may account for the large inter-individual variability of serum PFOA
concentrations measured in individuals from North Alabama in 2010
and 2016, and in the Mid-Ohio River Valley between 2005 and 2008.
Results Serum PFOA concentrations predicted by the deterministic PBPK
model were within two-fold of measured serum PFOA concentrations.
With incorporation of Monte Carlo simulations, the model successfully
tracked the large variability of serum PFOA concentrations measured in
populations from the Mid-Ohio River Valley. In a population of 45 adults
from North Alabama, the model successfully predicted 100% and 97%
of individual serum PFOA concentrations measured in 2010 and 2016,
respectively. Conclusion Historic non-drinking water PFOA exposures
are important determinants of current serum PFOA concentrations.
Therefore, characterization of drinking water exposure alone is not sufficient to accurately predict serum concentration.

3174 Evaluating the US Environmental Protection

Agency Reference Dose for Perfluorooctanoic
Acid (PFOA) Using Pharmacokinetic Modeling

K. K. Kieskamp, and M.-A. Verner. Universite de Montreal,
Montreal, QC, Canada.
The US EPA recently established a reference dose (RfD, 0.02 ug/kg/d)
for PFOA. This dose was calculated based on estimated average serum
PFOA concentration in mouse dams exposed to 1 mg/kg/d from gestational day 1 to 17, a dose that lead to reduced ossification and accelerated puberty in the offspring. We believe this approach overlooked two
important factors: 1) PFOA concentration in the pup/infant is likely to be
more toxicologically relevant than the concentration in the dam/mother
and 2) lactational exposure was not considered. We aimed to calculate
an RfD for PFOA based on pup/infant concentrations estimated using
physiologically based pharmacokinetic (PBPK) models. Using a PBPK
model of pregnant and lactating mice, we calculated the average serum
PFOA concentration during gestation and lactation in pups resulting
from a 1 mg/kg/d maternal dose to be approximately 3.5 mg/L. We then
used a PBPK model of pregnant and lactating humans to calculate a
maternal dose leading to an average infant serum concentration that
matches the 3.5 mg/L serum concentration in pups. This model estimated human maternal dose was 0.2 ug/kg/d. Dividing this dose by the
same uncertainty factors used by US EPA (300), we obtained an RfD of
0.0007 ug/kg/d, which is approximately 30 times lower than the US EPA
RfD. Our results suggest that the PFOA reference dose calculated by
the US EPA, may underestimate the risks for developmental toxicity in
breastfeeding infants.

tal-fetal compartments with sets of equations to test assumptions about
passive and active transport, conjugation and deconjugation. Here we
report our progress to date on the adult and pregnant sheep BPA PBPK
model. A PBPK model for adult sheep was first developed to understand
better the disposition of BPA and its conjugates in non-pregnant sheep.
Plasma concentration time courses and urinary excretion profiles for
BPA and its conjugates, BPAG and BPA sulfate (BPAS), were collected
after intravenous bolus and infusion administration of BPA. Hepatic
rates of BPA glucuronidation and sulfation formation were derived from
published in vitro metabolism studies with BPA and sheep hepatic subcellular fractions. Then using in vitro-in vivo extrapolation (IVIVE) the in
vivo rates for BPA conjugation were descrbed with Michaelis-Menten
equations. To account for the the slow systemic clearance of BPAG,
biliary excretion of BPAG and subsequent enterohepatic recirculation
of BPA was assumed to occur. The developed PBPK model successfully
tracked the kinetic behaviors of BPA and its phase II metabolites in
plasma and in urine after intravenous dosing of BPA in adult Lacaune
ewes. The current model suggested that biliary excretion of BPAG in the
sheep plays an important role in the disposion of BPAG, as was observed
in the rat (Inoue et al., 2005). With the integration of the physiology
of the placental-fetal compartments and other relevant reproductive
state specific information, the current sheep model will be extended to
describe the fetal exposure to unconjugated BPA by generating hypotheses about the mechanisms involved to predict the reported kinetic
data. This modelling effort in the pregnant sheep will help determine
the importance of BPA deconjugation in predicting the fetal exposure
to unconjugated BPA.

3177 Evaluating the Margin of Exposure from In Vitro
for Lactational Exposure Based on Half-Life,
Milk:Plasma Partition Coefficient, and Volume of
Distribution

M.-A. Verner1, L. Plouffe1, K. K. Kieskamp1, I. R. Leal1, and M. Satori2.
1Universite de Montreal, Montreal, QC, Canada; and 2US EPA,
Atlanta, GA.
Women are exposed to multiple environmental chemicals, many of
which are known to transfer to breast milk during lactation. However,
little is known about the influence of the different chemical-specific pharmacokinetic parameters on children’s lactational exposure.
Our objective was to develop a generic two-generation pharmacokinetic model and subsequently quantify the influence of three chemical-specific parameters (half-life, milk:plasma partition coefficient,
and volume of distribution) on lactational exposure to chemicals and
resulting plasma levels in children. A two-compartment pharmacokinetic model was developed to simulate lifetime maternal exposure,
placental transfer, and lactational exposure to the child. We performed
10,000 Monte Carlo simulations and calculated maximum child:mother
dose ratios and child:mother plasma level ratios throughout the breastfeeding period. Associations between the three chemical-specific pharmacokinetic parameters and child:mother dose and level ratios were
evaluated through linear regression and decision tree analysis. Results
revealed that half-life is the most influential parameter on children’s
lactational dose and plasma concentration, followed by milk:plasma
partition coefficient and volume of distribution. Half-life explained
72% of the variability in simulated child:mother dose ratios and 53%
of simulated child:mother level ratios. Decision trees aiming to identify chemicals with high potential for lactational exposure (dose or level
ratio > 1) had an accuracy of 89% for child:mother dose ratios and 85%
for child:mother level ratios. Our study demonstrates the relative importance of chemical-specific parameters on lactational exposure; equations and decision trees developed in this study should enable the rapid
identification of chemicals with a high potential for lactational exposure.

3176 Development of an Adult and Pregnant

Sheep PBPK Model for Bisphenol A (BPA)
and Metabolites to Interpret the Role of
Deconjugation of BPA Conjugates in the Fetus

J. Fisher, and X. Yang. US FDA/NCTR, Jefferson, AR.
Recent pharmacokinetic studies with Lacaune ewes (Gauderat et al.
2016) have indicated that maternal bisphenol A (BPA) exposure during
late pregnancy results in high fetal plasma BPA glucuronide (BPAG) concentrations, along with low but persistent fetal plasma uncongugated
BPA exposure. The aim of this PBPK modeling study is to quantitatively
evaluate the potential for deconjugation of BPAG to BPA to occur in the
fetus. This will be accomplished by characterizing the in vivo pharmacokinetic behavior of BPA and its metabolites in the maternal-placen-

and In Vivo Endpoints for tetrabromobisphenol
A (TBBPA)

A. Nong1, and M. Moreau1,2,. 1Health Canada, Ottawa, ON,
Canada; and 2Scitovation, Research Triangle Park, NC.
The past few years, advances in toxicity testing methods such as systems
biology and high-throughput screening have brought new ways to
assess the potential harm from chemicals. The leading issue with the
new toxicity methods is to bridge the data generated from them and
effectively screen biological activities into a common measure. The goal
of this work was to evaluate the use of a margin of exposure between
extrapolated in vitro/in vivo endpoints. The study consisted first of developing a pharmacokinetic model for tetrabromobisphenol A (TBBPA) to
estimate exposure from biomonitoring levels in the population. The
model suggests that TBBPA, despite the fact that it is highly lipophilic,
does not accumulate in the tissues since it is excreted rapidly into the
bile and feces. The rapid first-pass (phase II) metabolism explains the low
bioavailability of TBBPA in the body. By reverse dosimetry, the model
was then applied to estimate daily population intake of TBBPA based
on blood concentrations measured in a Swedish study. The toxicokinetic descriptions were also used to compare provisional Biomonitoring
Equivalents (BE) of in vivo toxicity endpoints and extrapolated human
equivalent dose metrics from in vitro endpoints from the ToxCast database. From the reverse dosimetry, daily estimated intakes corresponding
25th, 50th, 95th and 99th percentiles of blood concentrations were 13.8,
17.9, 23.2 and 28.8 ng/kg. These exposure values are far below the
human extrapolated equivalent daily intake calculated from in vivo BE
values and in vitro ToxCast assays measures which were between 0.02
and 38.8 mg/kg. The margin of exposure between the in vitro and in vivo
endpoints ranged between 684 and 8500 fold. Considering the first pass
metabolism, and despite the in vitro toxicity of TBBPA, current levels
measured in blood and kidney for this sample population are too low
to be harmful. The use of computational toxicology modeling was an
essential tool for the interpretation and integration of in vitro screening
data and biomonitoring results for TBBPA. The application of in silico
tools and in vitro/in vivo biological margin of exposure presented in
this work provided a scientific sound approach to measure the level of
concern for the chemical that is important for the risk assessment prioritization of chemicals.
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3175 Identifying Chemicals with a High Potential

3178 Case Study on the Application of the Reverse
Dosimetry Module in PLETHEM to Estimate
Exposure of Phthalates
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3180 Use of the Lifestage PBPK Model with In Vitro to

In Vivo Extrapolation to Support Evaluation of
the Potential for Early-Life Sensitivity to Carbaryl

M. Moreau4, S. N. Pendse4, M. Phillips4, M. Yoon4, J. Campbell3,
J. Leonard2, S. Smith1, C. Tan5, and H. Clewell4. 1North Carolina
State University, Raleigh, NC; 2Oak Ridge Institute for Science
and Education, Oak Ridge, TN; 3Ramboll ENVIRON, Durham, NC;
4Scitovation, Durham, NC; and 5US EPA, Durham, NC.

P. Mallick3, T. Pastoor2, J. Stevens1, K. Henry4, H. J. Clewell3, and
M. Yoon3. 1AKT Limited Research and Consulting, Jamestown,
NC; 2Pastoor Science Communications, LLC, Greensboro, NC;
3Scitovation, Durham, NC; and 4Tessenderlo Kerley, Inc, Phoenix,
AZ.

Our Population Life-course Exposure to Health Effects Modeling
(PLETHEM) platform provides a tool that links results from emerging
toxicity testing tools to exposure estimates for human as defined by
the USEPA. A case study was conducted using phthalates to demonstrate the utility of this platform in evaluating relationships between
human biomarker levels and exposures. Data on mono-2-ethylhexyl
phthalate (MEHP) and monobutyl phthalate (MBP) metabolites from
NHANES (2011-2012) was converted to intake estimates for di-2-ethylhexyl (DEHP) and dibutyl (DBP) phthalates, respectively, using a reverse
dosimetry approach. The previously developed physiologically based
pharmacokinetic (PBPK) models for DEHP and DBP, as well as their
metabolites, MEHP and MBP, were used for the current analysis. Daily
estimated intakes corresponding to the 50th, 95th and 99th percentiles
of mono-ester metabolites in urine from PBPK-reverse dosimetry were
0.73, 9.32 and 27.38 µg/kg-day and 0.089, 0.68 and 1.88 µg/kg-day for
DEHP and DBP, respectively. Our PBPK reverse dosimetry were compared to predictions from two high throughput (HT) exposure models,
SHEDS and ExpoCast. For DEHP, our median is higher than the ExpoCast
estimate (0.17 µg/kg-day), while the 95th percentile values are similar
(12 µg/kg-day from ExpoCast). For DBP, our estimated median value is
similar to that predicted by ExpoCast and SHEDS-HT (0.09 and 0.16 µg/
kg-day, respectively), but our predicted value at the 95th percentile was
lower than the predictions from ExpoCast and SHEDS-HT (6.13 and 13.7
µg/kg-day, respectively). Our predicted median intake for DEHP was also
comparable to several non-HT exposure estimates for US populations,
ranging from 0.78 to 1.1 µg/kg-day. These comparisons provide insights
into the accuracy of the different exposure prediction tools that can be
incorporated into PLETHEM. This case study highlights the utility of the
reverse dosimetry capability of PLETHEM as an adaptable and flexible
testing platform to evaluate linkages between exposure to environmental chemicals and human biomarkers. (Supported by ACC-LRI). This
abstract has been cleared by the US EPA but solely expresses the view of the
authors.

Life-stage PBPK modeling unified with age-appropriate and human-relevant in vitro metabolism data is a promising way to evaluate potential
differences in age-related exposure and potential sensitivity to chemicals. Carbaryl is a reversible cholinesterase (ChE) inhibitor widely used as
insecticide and apple thinning agent. The major detoxification pathway
for carbaryl is via metabolism in liver, therefore developmental changes
in physiology and ontogeny of xenobiotic metabolizing enzymes (XMEs)
can cause age-related differences in internal exposure to carbaryl in
brain and other tissues. We thus have extended our published adult
model to early ages in humans using age-appropriate in vitro metabolism data for in vitro to in vivo extrapolation (IVIVE), to simulate carbaryl
concentrations in brain and other tissues and to predict the associated
ChE depression levels in red blood cells (RBCs) under various, age-appropriate, exposure scenarios. We incorporated age-specific metabolism of carbaryl by CYP1A2 in the life stage model as it is one of the
main contributors to carbaryl clearance. Simulation of 1mg/kg/day
oral exposure for early ages (1-year old) and adults indicated that the
differences in both internal exposure at the target tissue or blood and
percent ChE inhibition in RBCs are less than 2-fold in early childhood
compared to adults. This model will be further refined by accounting
for metabolic enzymes that are expected to have less of an impact on
carbaryl clearance than CYP1A2. These include other CYP enzymes and
phase II enzymes such as CYP2C9 and UGT1A9. We are conducting IVIVE
for those enzymes and life stage PBPK modeling to accurately predict
age-dependent changes in internal exposure for carbaryl and its reversible inhibition of RBC ChEs. The model-predicted age-related differences
in ChE inhibition potential can be used to estimate a chemical specific
adjustment factor (CSAF) or data-derived extrapolation factor (DDEF)
to address life stage differences in exposure to carbaryl and resulting
effects.
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3179 Excretion of Di-2-Ethylhexyl Phthalate (DEHP)
Metabolites in Urine Is Related to Body Mass
Index Because of Reverse Causality

Campbell4,

Yoon5,

Fromme1,

Phillips5,

J. L.
M.
H.
M. B.
W.
Anderson2, W. Kessler3, H. J. Clewell5, M. P. Longnecker4, and M. P.
Longnecker4. 1Bavarian Health and Food Safety Authority, Munich,
Germany; 2Fera Science Ltd., York, United Kingdom; 3Helmholtz
Zentrum Munchen, Neuherberg, Germany; 4Ramboll Environ,
Research Triangle Park, NC; and 5ScitoVation, Research Triangle
Park, NC.
A higher body mass index (BMI) was positively associated with the rate
of excretion of di-2-ethylhexyl phthalate (DEHP) metabolites in urine in a
recent analysis of data from NHANES, the National Health and Nutrition
Examination Survey (Christensen et al. 2014). We hypothesized that the
association was due to higher body mass causing higher energy intake,
with higher energy intake being accompanied by a higher intake of
DEHP (reverse causality). To examine this hypothesis, we ran a Monte
Carlo simulation of a DEHP physiologically-based pharmacokinetic
(PBPK) model for adult humans. An existing PBPK for this compound
(Gentry et al. 2011) was modified to incorporate the four metabolites
of DEHP measured in NHANES and the model was visually optimized
to the published human oral kinetic time-course data (blood and urine,
Kessler et al. 2012). The relation of body weight to energy intake and
of energy intake to DEHP intake were realistically simulated based on
published data (Hall et al. 2011, Fromme et al. 2007), and a realistic exposure submodel, based on Christensen et al. was used. The PBPK model
output, when compared with data from controlled oral dosing studies
with labelled DEHP, supported good model validity. The model was run
150,000 times, with variation in parameters, to simulate a population,
with 1344 simulated hours/subject. The BMI of the simulated population
closely resembled the NHANES population. In the simulated population,
the ordinary least squares regression coefficient for lnBMI as a function
of lnDEHP metabolites nmol/min was 0.026 (SE 0.0008), as compared
with 0.019 (SE 0.005) reported by Christensen et al. In other words, given
our model structure, the relationship reported between BMI and excretion of DEHP metabolites appeared to be entirely due to reverse causality. The regression results based on the simulated population were
robust to changes in the key model parameters. (Supported by ACC-LRI)

3181 The Impact of Scaling Factor Variability on RiskRelevant Toxicokinetic Outcomes in Children:
A Case Study Using Bromodichloromethane
(BDCM)

E. M. Kenyon, J. C. Lipscomb, R. A. Pegram, and R. N. Hines. US
EPA, Durham, NC.
Biotransformation rates (Vmax) extrapolated from in vitro data are used
increasingly in human physiologically based pharmacokinetic (PBPK)
models. Extrapolation of Vmax from in vitro data requires use of scaling
factors, including mg of microsomal protein/g liver (MPPGL), nmol of
cytochrome P450 form/g liver (CYP) and liver mass (FVL). Because previous analyses indicate that variability in scaling factors can have a large
effect on measures of internal dose that are used in dose-response analysis in adult populations, this analysis was extended to children. Our
BDCM model was re-parameterized for a 10 kg child and Monte Carlo
analysis was used to assess the impact of variation in pediatric scaling
factors on model-derived estimates of internal dose, which was compared with findings from a similar analysis conducted using our adult
BDCM PBPK model. BDCM dose metrics, including venous blood concentration (CV), area under the curve (AUCv), and amount metabolized
in liver (AML) were estimated following a single 0.25 liter drink of water
or a 20 minute bath, under typical (5 ppb) and plausible higher level (20
ppb) BDCM water concentrations for each exposure scenario. MPPGL,
CYP and FVL values used in the pediatric analysis reflect the range of
values reported for pediatric populations (3 months to 18 years). The
impact of variability in scaling factors on variation in internal dose estimates was different for each exposure scenario (oral versus bathing), but
similar for each BDCM water concentration. When the bathing scenario
was modeled, scaling factor variability produced differences between
maximum and minimum values of all dose metrics of ~ 2-fold. For oral
exposure, differences were approximately 30-fold in AUCv and CV, but
only1.5-fold in AML. The small change in AML is attributable to metabolism not being saturated at these exposure levels. For a similar analysis
conducted using the adult PBPK model and adult scaling factor values,
variation in dose metrics was less than 10% for the bathing scenario
and for the oral scenario, ~15-fold for CV and AUCv, and less than 5%
for AML. These findings suggest the need to evaluate age-dependency
of variation in scaling factors used for in vitro to in vivo extrapolation of
biotransformation rates. This abstract does not reflect US EPA policy.

Hydrocarbon (PAH) across Dose and Species
Using Physiologically-Based Pharmacokinetic
Modeling

J. Smith4, S. Nag4, E. P. Madeen3, D. E. Williams3, S. Crowell1, T.
Ognibene2, K. Turteltaub2, and R. Corley4. 1Genentech, South
San Francisco, CA; 2Lawrence Livermore National Laboratory,
Livermore, CA; 3Oregon State University, Corvallis, OR; and 4PNNL,
Richland, WA.
Dibenzo[def,p]chrysene (DBC) is an environmental polycyclic aromatic
hydrocarbon (PAH) that causes tumors in mice and has been classified as a probable human carcinogen (2A) by the IARC. Animal toxicity
studies often utilize higher doses than are found in relevant human
exposures. Additionally, like many PAHs, DBC requires metabolic bioactivation to form the ultimate toxicant (e.g. diol-epoxide metabolite), and
species differences in DBC metabolism have been observed. In order
to understand the implications of dose and species differences on DBC
disposition, a physiologically based pharmacokinetic model (PBPK) originally developed for DBC in pregnant and naïve mice was extended to
humans. Partition coefficients were updated using standard algorithms.
Metabolism rates of DBC and metabolite dibenzo[def,p]chrysene-11,12
diol (DBC diol) were measured in mouse and human liver microsomes.
Mice demonstrated higher rates of DBC and DBC diol metabolism compared to humans after applying allometric scaling. After integrating
parameters, human simulations were evaluated against a recently published study where volunteers were orally microdosed with 29 ng of
[14C]-DBC, and DBC and metabolites were measured in plasma samples
using a novel “moving wire” interface between ultraperformance liquid
chromatography and accelerator mass spectrometry. DBC (Cmax: 18.5 fg/
mL), DBC diol (Cmax: 2.5 fg/mL), and other metabolites were identified at
very low levels. After adjusting the study-specific fraction of oral uptake,
the PBPK model was able to accurately simulate time course concentrations of DBC and DBC diol in human volunteer plasma. The resulting
PBPK model is a tool that can be applied to assess potential risks for
humans exposed to PAHs such as DBC. (Funded by NIEHS Grant No. P42
ES016465)

3183 Ethyl Tertiary Butyl Ether (ETBE) and Tertiary
Butyl Alcohol (TBA) Physiologically-Based
Pharmacokinetic (PBPK) Model in Rats:
Contribution of Binding to α2u-Globulin
and Non-Linear Kinetics to Kidney and Liver
Responses in Rats

S. J. Borghoff4, C. Ring3, M. I. Banton1, and T. L. Leavens2.
1Lyondell Chemical Company, Houston, TX; 2PK Consultant, Cary,
NC; 3ToxStrategies, Inc, Austin, TX; and 4ToxStrategies, Inc, Cary,
NC.
Inhalation exposure to the fuel additive ETBE at 5000 ppm has been
reported to cause liver tumors in male rats; this response has not been
observed at lower inhalation exposures or in rats chronically exposed to
ETBE via drinking water. However, male rats developed kidney tumors in
chronic drinking-water studies with TBA, a metabolite of ETBE. A PBPK
model for ETBE and TBA was developed to provide insights into the role
that exposure- and gender-specific differences in the toxicokinetics of
ETBE and TBA may play in the different tumor responses. The model was
developed based on a previously published model for methyl tertiary
butyl ether, a structurally similar chemical to ETBE that also is metabolized to TBA, and included a description of ETBE and TBA binding to
the male rat-specific protein α2u-globulin, which may play a role in
the kidney toxicity (ETBE and TBA) and kidney tumors (TBA) observed
in male rats following exposure to ETBE or TBA. Metabolism of ETBE
and TBA in the liver was included via a single, saturable pathway for
each chemical, and the low-affinity pathway for TBA was assumed to
be inducible following repeated exposures. This ETBE/TBA model was
verified using data sets available in the literature and chemical study
reports. The model predicted similar kidney AUC0-∞ for TBA for various
exposure scenarios from ETBE and TBA cancer bioassays, supporting
a male-rat-specific mode of action for TBA-induced kidney tumors.
However, the blood AUC0-∞ for ETBE and TBA, under cancer bioassay
exposure scenarios, showed that ETBE and TBA kinetics shift from linear
to nonlinear at a concentration associated with liver tumors in rats, suggesting the possibility of a mode of action that occurs only at a high
exposure concentration that is not relevant for assessing human risk.

3184 PLETHEM: An Interactive Open-Source Platform

for Bridging the Source-to-Outcome Continuum

S. N. Pendse, A. Efremenko, P. D. McMullen, M. Yoon, and H. J.
Clewell. Scitovation LLC., Research Triangle Park, NC.
In their framework for computational toxicology (EPA ORD 2003), US
EPA stated the need to use computational methods to bridge the
source-to-outcome continuum. This goal can be achieved by merging
exposure estimation, PBPK modeling, in vitro ADME studies and systems
biology modeling into a standardized framework. PLETHEM (Population
Lifecourse Exposure To Health Effects Modeling) is a modular open
source modeling platform that will provide users the ability to create,
share, and audit PBPK models and connect to existing US EPA exposure
estimation tools likes SHEDS. The modular design philosophy is implemented using an interactive user interface. The platform also consists
of multiple databases that hold all the information needed to construct,
modify and validate a PBPK model. These include databases of physiological parameters, various physical-chemical properties of substances
to be studied, data from ADME studies and results from exposure estimation tools. The current version of PLETHEM is capable of simulating
PBPK models, performing reverse dosimetry calculations, running
Monte Carlo analysis for PBPK models, and calculating oral equivalent
doses for high-throughput assays using HT-IVIVE calculations. Future
work includes incorporating the ability to simulate individual life-course
PBPK models with MCMC analysis for dealing with population variability
and early life sensitivity. We also plan to extend the system further to
include systems biology modeling capabilities. (This research was funded
by the American Chemistry Council and is being conducted under a memorandum of Understanding with the US EPA).

3185 Open Source Workflows for In Vitro to In Vivo
Extrapolation

Chang2,

X.
S. Bell2, J. Pirone1, D. Allen2, W. Casey3, and N.
Kleinstreuer3. 1ARA, Raleigh, NC; 2ILS, Research Triangle Park, NC;
and 3NIEHS, Research Triangle Park, NC.
In vitro to in vivo extrapolation (IVIVE) facilitates comparison of effects
observed in in vitro assays to effects observed in in vivo animal tests.
An IVIVE analysis estimates the daily equivalent administered dose
(EAD) that produces the in vivo plasma or tissue concentration equivalent to an in vitro effective concentration. IVIVE analyses have been
conducted using both simple one-compartment pharmacokinetic (PK)
models and more complex physiologically based pharmacokinetic
(PBPK) models. However, many commonly used modeling tools are
proprietary software that lack the transparency needed to verify values
and share results. Here we present workflows for IVIVE analysis using
both simple PK and PBPK models, built with two open-source platforms.
The Konstanz Information Miner (KNIME) platform uses a modular data
pipeline concept with a graphical user interface for data analysis and
visualization. The Jupyter Notebook platform provides additional user
flexibility by providing both human-readable notebook documents and
executable documents viewable via a web browser and dashboard. To
predict an EAD using IVIVE workflows containing one-compartment
PK models, the only inputs required on either platform are the in vitro
assay active concentration (expressed, for example, as half-maximal
activity concentration or AC50), and three PK parameters: fraction of
chemical unbound to protein, intrinsic clearance, and renal clearance.
For users that do not have their own values for these PK parameters, our
workflow provides experimental values for 448 chemicals and values
predicted from structure-based models for more than 7600 chemicals.
IVIVE workflows using a generalized PBPK model require additional PK
parameters (e.g., tissue partition coefficients that can either be experimentally measured or predicted). Our presentation will include two
examples, one focusing on estrogenic activity and the other focusing
on developmental toxicity, to demonstrate how the workflows provide
a simple and fast approach to IVIVE analysis. (This project was funded in
whole or in part with Federal funds from the NIEHS, NIH under Contract
No.HHSN273201500010C)
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3182 Extrapolating Disposition of Polycyclic Aromatic

3186 Implications of Protein Binding for Predicting

Pesticide Salivary Transport Using a
Combination Experimental and Computational
Approach

C. Timchalk, Z. A. Carver, T. J. Weber, and J. Smith. PNNL,
Richland, WA.
Non-invasive biomonitoring with saliva has potential to significantly
advance quantitative dosimetry as an integral component of epidemiology. However, quantitative predictions of chemical transport
into saliva remain a challenge. In order to predict salivary clearance, a
Transwell cellular transport system and accompanying computational
model have been developed. By utilizing physiological protein levels
representative of plasma and saliva, cellular systems are able to closely
predict the in vivo saliva/blood concentration ratio (0.021 vs. 0.049) of
3,5,6-trichloro-2-pyridinol (TCPy), the major chemical-specific metabolite of chlorpyrifos. However, predicted cellular diffusion coefficients
were slower than those observed in vivo. Here, we hypothesize that
protein binding plays an important role in TCPy salivary transport. TCPy
protein binding in cell culture medium and plasma were measured
using ultracentrifugation and gas chromatography-mass spectrometry. Kinetic descriptions of protein binding were added to the cellular
computational model and parameterized with data of TCPy protein
binding in cell culture medium. Resulting model simulations predicted
cellular transport data reasonable well. A physiologically based pharmacokinetic model (PBPK) for chlorpyrifos and TCPy was modified for
congruent kinetic descriptions of protein binding and parameterized
using TCPy plasma protein binding experimental data. Resulting PBPK
model simulations accurately predicted in vivo concentrations of TCPy
in rat saliva, suggesting that diffusion coefficients of unbound TCPy
are consistent between cell culture systems and in vivo. Overall, these
experiments demonstrate the importance of protein binding for salivary clearance of TCPy. This combination experimental and computational approach could serve as a platform to predict salivary transport of
chemicals highly bound to proteins. (Supported by CDC/NIOSH grant R01
OH008173 and R01 OH011023)

3187 A Physiologically-Based Pharmacokinetic
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Modeling of 5 nm Cerium Oxide Nanoparticles in
Intravenous-Infused Rats
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A. A. Desalegn1, U. Carlander1, T. P. Moto3, R. Yokel2, and G.
Johanson1. 1Karolinska Institute, Stockholm, Sweden; 2University
of Kentucky, Lexington, KY; and 3University of Pretoria, Pretoria,
South Africa.
A clear understanding of cerium oxide nanoparticles (nanoceria) toxicokinetics is vital in determining the fate and target dose of nanoceria
in tissues. The National Toxicology Program has recommended characterization of nanoceria toxicity and toxicokinetic studies due to inadequate data. To support health risk assessment and medical applications,
Physiologically Based Pharmacokinetic (PBPK) models play important
role by predicting internal dose and extrapolations. Our objective is
therefore to develop a PBPK model for nanoceria administered intravenously into rats. The PBPK model structure and assumptions were based
on Carlander et al (International Journal of Nanomedicine 2016, 11, 62540). Berkeley Madonna and acslX-Libero were employed for parameter
optimization and model simulation. Visual inspection and linear regression compared the results from calibration and validation studies. The
PBPK model successfully describes and predicts the pharmacokinetics
of 5 nm citrate-coated nanoceria following intravenous infusion in rats.
Phagocytic capacity is found to be the most sensitive parameter.

at doses below this BMDAChE10. Thus, these measurable deficits could
potentially serve as a more sensitive endpoint for point-of-departure
studies compared to that based on AChE inhibition in the brain. To
explore this possibility, a physiologically-based pharmacokinetic model
and novel pharmacodynamic model were used to develop a point-of-departure BMD estimate to protect against cognitive deficits following
low-dose, chronic exposure to chlorpyrifos (CPF). Previous chronic exposure studies in rats provided a BMDAChE10 of 0.67 mg/kg/day of CPF. In
contrast, the methodology utilized in this study produced a BMD of 0.14
mg/kg/day for protecting against a 15% neurobehavioral deficit, specifically a decrease in spatial memory and learning. Furthermore, using
these models, a method was developed for identifying environmental
public health indicators to predict the level of cognitive deficit resulting
from a given CPF dosing scenario. In summary, the results from this
study not only demonstrate a potentially more protective point-of-departure BMD based on a deficit in cognition, but also illustrate a method
for continuous monitoring of health-based outcomes of CPF exposure
through quantitation of appropriate biomarkers.

3189 Developing a Pharmacokinetic-

Pharmacodynamic (PKPD) Model for On-Target
Electrophysiological R-Wave Amplitude
Reduction

R. D. McDougall, and F. D. Gibbons. AstraZeneca, Waltham, MA.
Target-related toxicity is often a concern with oncology agents that may
have effects on both healthy as well as tumor cells. Understanding the
exposure-response relationships for efficacy and toxicity can enable
us to identify dosing schedules that mitigate toxicity while still maintaining efficacy. Here, we applied pharmacokinetic-pharmacodynamic
(PKPD) modeling to identify optimal schedules for a small molecule
oncology therapeutic with cardiovascular toxicity. Preclinical telemetry
studies of a targeted oncology therapeutic revealed target-related electrophysiological changes in the form of dose-dependent reductions in
the amplitude of the R-wave portion of the EKG trace. This is a highly
unusual phenomenon, with little mention in the literature as to mechanism or mitigation, but one which was vital to understand in order to
help progress the project. The raw telemetry data showed a delayed
onset of the dynamic R-wave response to the systemic exposure (typically first observed ~0.5-1.0 hour after start of infusion) with a non-linear
relationship between dose and magnitude of the R-wave deflection,
making it difficult to determine if the toxicity was driven by maximal
concentration (Cmax) or area under the (concentration) curve (AUC). In
order to characterize this relationship quantitatively, we developed a
multi-compartment PKPD model for the R-wave deflection and recovery
to doses administered over varying infusion lengths. The model used
was an integrated PKPD model in which drug kinetics were described
with a two-compartment PK model, and pharmacodynamics by an
effect compartment coupled to an indirect-response EMax model. This
model enabled a quantitative description of the R-wave response to a
tenfold range of dose amounts administered over infusion lengths from
0.5 to 3.0 hours. Drug teams often describe effects as being driven by
Cmax or AUC; this model allowed us to show that the adverse cardiac
symptoms could be driven by both Cmax and AUC for a particular dose.
We performed integrated simulations of our PKPD model for toxicity
with a tumor-growth model for efficacy in order to create an integrated
view of therapeutic index model. We then explored how the therapeutic
index (extent of separation between safety and efficacy) changed as a
function of infusion duration. Optimization of the integrated TI model
showed a ‘sweet-spot’ for the infusion length - where longer infusions
could potentially mitigate R-wave changes yet remain efficacious.

3190 HIF-1α Pathway and Hypoxia: A Mathematical
3188 A Computational Approach for the Development
of a New Benchmark Dose and Environmental
Public Health Indicators for Chronic Exposure to
Chlorpyrifos

T. J. Zurlinden, and B. Reisfeld. Colorado State University, Fort
Collins, CO.
Organophosphorus (OP) compounds are the most widely used group of
synthetic chemicals for the control of agricultural and domestic insect
pests. Risk assessments for these chemicals have focused primarily
on point-of-departure studies to determine benchmark doses (BMD)
resulting in a given benchmark response. Based on their acute mode
of action, the US EPA has established 10% acetylcholinesterase (AChE)
inhibition in the brain as being the benchmark response that is “health
protective in that no functional or behavioral effects have been noted
below this level in adult of juvenile animals.” However, many studies
suggest a link between cognitive deficits and long-term OP exposure
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Episodes of hypoxia were suspected in F-22 Air Force (AF) pilots after
training missions in which questions about pilot performance and
mission accomplishment were raised. These episodes identified data
gaps in the understanding of how hypoxia relates to potential alterations in brain function of pilots in high performance aircraft. Responses
to hypoxia take place at multiple levels. The initial response is through
carotid body altering physiology (breathing, blood flow). Tissue level
responses involve regulating demand for oxygen through altered function. Key to understanding these responses both at the physiological
and tissue (brain) level are oxygen sensing pathways, particularly those
involving HIF1α. These linked pathways need to be understood mechanistically and quantitatively. In vitro studies include HIF1α activation

3191 In Vitro Systems Toxicology Assessment of a
Carbon-Heated Tobacco Product in Normal
Human Bronchial Epithelial Cells

I. Gonzalez Suarez, F. Martin, D. Marescotti, D. Goedertier, E. Guedj,
S. Acali, C. Pak, R. Dulize, K. Baumer, D. Peric, N. V. Ivanov, C. Mathis,
M. C. Peitsch, and J. Hoeng. Philip Morris International, Neuchatel,
Switzerland.
Cigarette smoke increases the risk for respiratory and other diseases.
Cessation is the most effective approach to minimize the risk for smoking-related diseases. However, for those unwilling to quit smoking,
reduced risk products (RRPs) may be useful to lower disease burden.
Carbon-Heated Tobacco Product (CHTP) 1.2 is a novel patented heated-tobacco product that uses a carbon source to heat a tobacco plug
in a specially-designed stick to produce an aerosol containing nicotine
and tobacco flavor. CHTP design allows careful control of the heat supplied to the tobacco plug during use. Tobacco operating temperature
(maximum measured was 250C) is below the temperature necessary
for combustion (>400C). Primary human bronchial epithelial cells were
used to study the biological impact of CHTP1.2 compared to 3R4F reference cigarette. Multiple toxicity endpoints were measured via real-time
cellular analysis and high-content screening. Study was complemented
by gene expression analysis, followed by a computational approach to
quantify perturbed molecular pathways. Chemical characterization of
CHTP1.2 aerosol showed significant reduction in harmful/potentially
harmful smoke constituents compared to 3R4F smoke on an equal nicotine basis and under Health Canada Intense Regime. Cells were exposed
to 3 different smoke/aerosol fractions: an aqueous extract generated by
bubbling mainstream 3R4F smoke or CHTP1.2 aerosol through PBS, total
particulate matter (TPM) and gas-vapor phase (the substance passing
through the TPM collection filter). Exposure to 3R4F smoke caused a
dose-dependent response in most toxicity endpoints and significantly
perturbed many biological pathways, particularly those related to cellular and oxidative stress. By contrast, CHTP1.2 aerosol had an overall
lower biological impact. No cellular toxicity was observed at similar
doses and between 5 and 14-fold increase in CHTP1.2 concentration was
necessary to elicit a level of response similar to that of 3R4F. Moreover,
the level of biological network perturbation was significantly reduced
upon CHTP1.2 exposure, compared to 3R4F smoke. In summary, our
systems toxicology study demonstrated reduced effects on human
bronchial epithelial cells, of aerosol fractions from the potential RRP,
CHTP1.2, when compared with the reference cigarette 3R4F smoke.

3192 Systems Toxicology of Chemically-Induced Liver
and Kidney Injuries: Histopathology-Associated
Gene Co-Expression Modules

A. Wallqvist, J. Te, and M. AbdulHameed. US Army Medical
Research and Materiel Command, Fort Detrick, MD.
Organ injuries due to pharmaceutical drugs and chemical exposures
pose a serious health risk that may be difficult to assess due to a lack of
non-invasive diagnostic tests. Mapping chemical injuries to organ-specific damage and histopathology outcomes via biomarkers will provide
the foundation for highly specific and robust diagnostic tests. We identified co-expressed genes (modules) specific to injury endpoints using the
Toxicogenomics Project-Genomics Assisted Toxicity Evaluation System
(TG-GATEs)–a toxicogenomics database containing organ-specific gene

expression data matched to dose- and time-dependent chemical exposures and adverse histopathology assessments in Sprague Dawley rats.
We proposed a protocol for the selection of gene modules associated
with drug-induced injury, where our method was able to predict 11 liver
and 8 kidney histopathology endpoints based on dose-dependent activation of the identified modules. We showed that the activation of the
modules correlated with the presence and possible onset of the histopathology. Application of the generated modules included: 1) classifying
whether or not a chemical exposure condition (chemical-time-dose
combination) caused an injury based on the activation of the modules,
2) distinguishing the types of injury caused by chemical exposure, and
3) determining organ specificity of the chemical injury through select
module activation in the kidney and liver. These modules may lead to
the identification of candidate biomarkers. Disclaimer: The opinions and
assertions contained herein are the private views of the authors and are
not to be construed as official or as reflecting the views of the US Army or of
the US Department of Defense. This abstract has been approved for public
release with unlimited distribution.

3193 Reduced Impact of a Heat-Not-Burn Product

Aerosol in Comparison with Cigarette Smoke: A
Systems Toxicology Assessment on Organotypic
Buccal Epithelial Cultures

F. Zanetti, A. Sewer, P. Leroy, S. Majeed, E. Guedj, K. Trivedi, A.
Elamin, S. Frentzel, C. Mathis, N. V. Ivanov, M. C. Peitsch, and J.
Hoeng. Philip Morris International R&D, Neuchatel, Switzerland.
Modified Risk Tobacco Products (MRTPs) are defined by the US FDA as
“any tobacco product that is sold or distributed for use to reduce harm
or the risk of tobacco-related disease associated with commercially
marketed tobacco products”[1]. A candidate MRTP, the Carbon Heated
Tobacco Product (CHTP)1.2, is a novel patented tobacco product, which
uses a carbon heat source to heat a tobacco plug in a specially-designed
stick to produce an aerosol which contains nicotine and tobacco flavor.
In this study we assessed and compared the effects of the exposure to
the aerosol of CHTP1.2 with cigarette smoke (CS) generated from reference cigarettes (3R4F) on human buccal organotypic epithelial cultures.
EpiOral cultures were exposed for 28 minutes to two different concentrations of CHTP1.2 aerosol or CS, matching for the nicotine content,
and a higher concentration for CHTP1.2 only. We employed a systems
toxicology approach based on the measurement of cytotoxicity, histopathological modifications, proinflammatory mediator secretion and
the modelling of computational network biology to investigate the
buccal epithelial transcriptome. We observed reduced levels of cytotoxicity, alteration of secreted proinflammatory mediators and histopathological modifications in buccal cultures exposed to CHTP1.2 aerosol in
comparison with CS-exposed counterparts. The response of important
biological networks activated by CS was substantially reduced in
CHTP1.2-exposed cultures. Moreover, the analysis indicated a diminished impact on the stress responses during the post-exposure period
to CHTP1.2, indicating a faster recovery of the changes over time. This
study indicates that an acute exposure to the candidate MRTP CHTP1.2
aerosol elicits a significantly reduced impact and adaptive response
than exposure to CS in human organotypic buccal epithelial cultures. [1]
Family Smoking Prevention and Tobacco Control Act (2009). Public Law No.
111-131 (June 22, 2009).

3194 Lipid Composition of the Auditory Pathway for

Ototoxicity Studies Involving Jet Fuel Exposure

Grobe1,

N.
L. Narayanan1,2,, D. N. Brown1, S. T. Law1,2,, I. Sibomana1,3,,
N. V. Reo3, T. R. Sterner1,2,, and D. R. Mattie1. 1Air Force Research
Laboratory, Wright-Patterson AFB, OH; 2Henry M. Jackson
Foundation for the Advancement of Military Medicine (HJF),
Wright-Patterson AFB, OH; and 3Wright State University, Dayton,
OH.
Environments combining JP-8 jet fuel exposure with heightened
ambient noise may accelerate or worsen hearing loss induced by noise.
As part of our program to understand this combined exposure, we
constructed a mathematical model to describe tissue JP-8 component
delivery and the combined effect of key JP-8 hydrocarbons constituents. Analytical procedures were developed to determine the differential lipid composition in tissues required for the model. Using tissue
from Fisher 344 rats, we developed a method for the separation of lipid
species in skull, cochlea, brainstem, frontal and temporal lobe. Lipids
were extracted from homogenized tissue according to Bligh & Dyer
(1959). A weak anion solid phase extraction (SPE) cartridge with 500 mg
sorbent mass was sufficient to separate neutral lipids, free fatty acids
(FFA), neutral phospholipids (PL) and acidic PL. Eluted PL classes were
subjected to 31P nuclear magnetic resonance analysis to confirm their
presence and determine their composition. This approach enabled us
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and localization studies with ELISA and immunohistochemical techniques, in which we have induced hypoxic conditions using CoCl2. We
have also induced hypoxia directly using a custom made glass chamber
for gas exposure to tissue culture models. These studies are being conducted to elucidate key elements of these processes, such as observed
increases in nuclear HIF1α levels resulting from hypoxia. These need to
be integrated and applied (extrapolated) to relevant human exposure
scenarios in order to assess the relevance of hypoxia to the abovementioned AF issues. A mathematical model was developed to integrate
these experimental measurements and provide a description of the
mechanisms of hypoxia and the body’s response. The initial iteration
of our model focuses on the brain. It includes delivery of oxygen to the
cell, and the response of the HIF1α signaling pathway in terms of alterations in gene expression. Hydroxylation by specific proline hydroxylases allows proteasomal degradation of HIF1α. Enzyme activities and Km
values for O2 of proline hydroxylases are available in the literature, (and
are typically around the concentration of dissolved O2 in air - about 200
uM) allowing initial parameterization of the model. End-points such as
HIF1α levels in the nucleus and the resulting transcription signal, under
different time-courses for oxygen blood concentrations, were simulated
by the model. The model can also take into account the impact of toxic
compounds such as CO and toluene on O2 delivery to tissues via their
impact on hemoglobin binding, for example.

to detect about 0.008 g or 0.014 g of total lipids/g of skull or cochlea
tissue, respectively. Brain regions displayed differences in total lipids.
Brainstem had the highest lipid content (0.133 g/g of tissue) when compared to frontal and temporal lobes (0.049 and 0.048 g/g, respectively).
Brain regions showed the highest amount for neutral PL as compared
to other lipid classes. Skull and cochlea had similar amounts of neutral
lipids and neutral PL while acidic PL were three times higher in cochlea.
The lipid composition is necessary to validate algorithms used in mathematical models to predict partitioning of chemicals of future interest
into these tissues. In addition, this approach will allow for observations of oxidative stress changes of lipids in future studies. Further, this
research will reduce or eliminate the use of animals to measure partition
coefficients for ototoxicity studies in the future.

3195 Use of Gene Expression Profiles and a

Connectivity Mapping Approach to Gain an
Insight on the Mode-of-Action of Multiple
Chemicals in Four Cell Types

J. M. Naciff, Y. K. Shan, X. Wang, R. M. Kainkaryam, X. Wei, L. A.
Reinsalu, R. C. Schinaman, N. K. De Abrew, and G. P. Daston. The
Procter and Gamble Company, Mason, OH.
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We have used the high-throughput gene-expression profiling assay
L1000 and a connectivity mapping (CMap) approach to define chemical modes of action (MOAs) in 4 cell lines (MCF7, HepG2, A549, and
iCell Cardiomyocytes) after 6h exposure to three concentrations of 108
chemicals. Sixty of these chemicals were selected from the ToxCast
Phase 2 list, and 48 from the Sigma LOPAC®1280 library, which cover
a wide range of MOAs. Our analysis indicates that 98 (92%) of the
108 chemicals evaluated are able to elicit significant gene expression
changes (FDR<0.1) in at least one of the four cell lines. Ten chemicals
did not elicit a significant transcriptional response. This could be due
to the limited number of concentrations covered, or a limitation in the
biological responsiveness of the four cell types evaluated. However,
well know biological active chemicals, such as phorbol 12-myristate
13-acetate (0.1 to 10 μM), elicit a robust transcriptional response in all
cell lines. When the transcriptional signature, incorporating the most
affected genes (up- or down-regulated), of the individual chemicals is
evaluated against the entire set of signatures, the highest connectivity
(highest score) is found to that particular chemical in the same and in
the other cell lines susceptible to this chemical. For example, the transcriptional signature of 4-Nonylphenol, branched, in MCF7 cells has
the highest similarity to the same signature in A549 and HepG2 cells,
and also to the signature elicited by 4-Octylphenol in MCF7 and A549.
CMap analysis revealed that transcriptional signatures obtained from
any of the responsive cell lines to individual chemicals were consistent
with known MOAs of chemicals in the publicly available CMap database
maintained by the Broad Institute. For example, cytarabine has strong
connectivity to chemicals with demonstrated antineoplastic and chemotherapeutic activity (i.e. methotrexate, trifluridine, and etoposide).
Our data supports the hypothesis that high-throughput transcriptional
profiling of chemical-treated cultured cells provides data to characterize
chemicals of interest based on their biological activity. This information
can lead to a better understanding of the underlying mechanisms of
potential toxicity.

respiratory nasal epithelia (RNE) were compared with corresponding
transcriptomics data. CS exposures resulted in several typical histopathological changes in the rat RNE, including squamous cell metaplasia
and basal cell hyperplasia. At matching nicotine concentrations, RNE of
rats exposed to CHTP 1.2 aerosol showed in general fewer histopathological changes. At twice the concentration (50 µg/L nicotine), CHTP
1.2 aerosol showed the same level of basal cell hyperplasia as found in
the CS exposed group (23 µg/L nicotine). Transcriptomics confirmed
and provided more molecular details on those observed effects: For
example, Sprr1a and Sprr3, biomarkers for squamous metaplasia, were
found increased in RNE of rats exposed to CS. Krt15, associated with
a hyper- and metaplastic respiratory epithelium, was clearly up-regulated in CS exposed RNE. At matching concentrations, CHTP 1.2 aerosols
induced these markers to lower degree, but significant effects at comparable level were observed for the highest CHTP 1.2 concentration. In
conclusion, this systems toxicology analysis supported classical product
risk assessment of CHTP1.2.

3197 A Systems Approach to Predict and Classify
Toxicity In Vitro

S. Ramm3,2,, P. Todorov3,1,, V. Chandrasekaran3, M. Pavkovic3,2,,
H. Shankaran1, J. Mettetal1, and V. S. Vaidya3,2,. 1AstraZeneca,
Waltham, MA; 2Brigham and Women’s Hospital, Boston, MA; and
3Harvard Medical School, Boston, MA.
The failure to predict human toxicity of chemicals and therapeutic candidates early remains a critical issue during compound development.
Currently, preclinical toxicity assessment is performed using animal
studies, which are expensive, low-throughput, and insensitive. Therefore,
in vitro assays to predict drug-induced organ injury are urgently needed.
Here, we used human kidney epithelial cells as our first organ model to
(i) identify biomarkers that predict nephrotoxic compounds and (ii) elucidate mechanisms of toxicity by collecting multidimensional datasets
from treatment with 47 known human kidney toxicants (environmental/
occupational chemicals and therapeutics) and non-toxic controls. The
datasets include high-content imaging derived phenotypes, transcriptomics, and proteomics that collectively resulted in 17.8 mio data points.
Random Forest analysis identified two nuclear texture-related imaging
features and two stress response genes (heme oxygenase-1 and sequestosome-1) as the most powerful predictors of nephrotoxicity with area
under the ROC curves of 0.973 and 0.842, respectively. To further classify
compounds by mechanism of toxicity, we conducted Topological Data
Analysis. A set of compounds with known mechanisms helped generate
a “background landscape” by embedding a k-nearest neighbors graph
of the imaging data. Compounds with unknown mechanisms of toxicity
were overlaid on this landscape and mechanistic information inferred.
After hierarchical clustering by purported mechanisms of toxicity, 50%
of compounds clustered by drug classes (e.g. antibiotics, analgesics, and
DNA-damagers). To validate the new gene and imaging biomarkers, we
used an external set of drug candidates that were identified to be toxic
only in late stage preclinical/clinical studies. Applying our in vitro assay
we correctly identified 4 of the 6 toxic compounds as nephrotoxins
(sens. 66.7%; spec. 100%). In summary, we have developed a systems
approach that combines multiplexed omics data with machine-learning
analyses, not only allowing prediction but also mechanistic classification
of toxic compounds. This serves as a valuable high-throughput tool for
early screening in preclinical studies and risk assessment.

3196 Systems Toxicological Assessment of Respiratory
Nasal Epithelia after In Vivo Exposure to a
Carbon Heated Tobacco Product Compared with
Cigarettes

U. Kogel1, Y. Xiang1, B. Titz1, B. Phillips2, H. Jenny2, F. Martin1, E.
Guedj1, N. Ivanov1, P. Vanscheeuwijck1, M. C. Peitsch1, and J.
Hoeng1. 1Philip Morris International, Neuchatel, Switzerland; and
2Philip Morris International, Singapore, Singapore.
Smoking causes serious diseases. Over the last years, tobacco harm
reduction has also emerged as a policy that can complement traditional tobacco control intervention such as prevention and cessation.
Modified risk tobacco products (MRTPs) are being developed with the
aim of reducing smoking-related health risks compared with continued
cigarette smoking. PMI’s CHTP (carbon heated tobacco product) 1.2 is
a candidate MRTP in which the tobacco plug is heated to in a specially
designed stick using a carbon heat source. This temperature is below
the temperature necessary for combustion of the tobacco (>400oC). A
90-day rat inhalation study was performed in accordance with OECD test
guideline 413 to characterize potential adverse effects caused by subchronic exposure of the CHTP 1.2 aerosol compared to cigarette smoke
(CS). Sprague-Dawley rats were exposed either to filtered air (sham),
CS of reference cigarette 3R4F at 23 µg/L nicotine, or aerosol of CHTP
1.2 at three target nicotine concentrations of 15, 23 and 50 µg/L). Here,
within our systems toxicology framework, histopathology results from

3198 Development of a Predictive Screening Test for
Drugs Liable To Be Cholestatic Using HepaRG
Hepatocytes

R. Li1, S. Khalil1, S. Routier2, K. Ple2, M. Gay2, R. Le Guevel3, C.
Chesne1, C. Guguen-Guillouzo4,1,, and D. Steen1. 1Biopredic
International, Saint Gregoire, France; 2ICOA-CNRS UMR 7311,
Orleans, France; 3ImPACcell, Biosit, Rennes, France; and 4Inserm
U991, Rennes, France.
Intrahepatic cholestasis is a chronic disease resulting from an impairment of the bile flow. This can lead to cirrhosis or severe hepatic insufficiency. Actually, a wide variety of commonly used drugs can induce
cholestatic liver injuries. Unfortunately, the prediction of drugs liable to
cholestatic is still poor. In this study, we develop a predictive screening
test for drugs liable to cholestatic with HepaRG model using 2 complementary parameters, morphological alteration of bile canaliculi and
impairment of bile flow. An assay to mimic cholestatic events was set
up by treatment of HepaRG hepatocytes with several molecules known
to be cholestatic including Chlorpromazine (CPZ), Fasudil (FSD) and
Bosentan (BSN) as reference. The bile canaliculi alterations and bile
acid flow rate were evaluated by using newly synthesized fluorescent
bile acid derivatives. Imaging quantification was performed with the
Cellomics ArrayScan. We first evidenced the bile canaliculi alterations

known to be strictly associated with cholestasis, either constriction
with CPZ or dilatation with FSD and BSN, and we evaluated the mean
area by ZO-1 localization at the canalicular membrane or by using
dextran-blue fluoroprobe; a factor 2 to 5 of variation was found compared to untreated cells. Then, new probes using first and secondary
bile acids were tested for their efficacy. The conjugated forms such as
urso-desoxycholate probe were the most specific and sensitive tool for
evaluating drug-induced bile flow failure and to detect possible contribution of BSEP transporter. Moreover, CDFDA trafficking was used
for evaluating MRP2 activity. The delayed trafficking in both CPZ-and
BSN-treated cells was associated with alteration of BSEP while the probe
was abnormally accumulated in bile canaliculi in FSD-treated cells. In
conclusion, the combination of HepaRG cell line with new predictive
biomarkers is powerful for screening drug-induced cholestasis. In addition, the novel fluoroprobes provide new insights to early discriminate
drugs acting by transporters alteration or canalicular junction disorders.
This new assay represents a promising large-scale screening test for prediction of drugs liable to cholestatic potential.

Although, these interactions have illustrated the necessity of expert
guidance in moving the science of AOPs and their applications forward,
there is also the recognition that a broader survey of the scientific community could be useful in guiding future initiatives in the AOP arena. To
that end, a Horizon Scanning exercise was conducted to solicit questions from the global scientific community concerning the challenges or
limitations that must be addressed in order to realize the full potential
of the AOP framework in research and regulatory decision making. Over
a 4 month question solicitation period, 334 questions were collected
from 158 global submissions to an online survey, with respondents
self-identifying as 35% academia, 35% government, 20% industry, and
5% non-government organizations. The questions were separated into
seven broad topic areas including, AOP networks, quantitative AOPs,
collaboration and communication on AOPs, AOP discovery and development, extrapolation, exposure/ADME considerations, and AOP application. A ranking exercise was then conducted to identify the top 10
questions for each category. It is anticipated that ranked questions will
be useful in directing future AOP research and regulatory initiatives. The
views expressed in this poster are those of the authors and may not reflect
US EPA policy.

3199 The Development of Multicolor hiPSC Reporters

B. ter Braak, M. Niemeijer, and B. van de Water. Leiden University,
Leiden, Netherlands.
DILI remains a major concern for drug development and in clinical practice. At the moment primary human hepatocytes (PHHs) are regarded
as the golden standard for DILI toxicity testing. However, problems with
the availability, inter-donor variability and stability (dedifferentiation of
hepatocytes and thus loss of CYP/drug metabolizing capacity) remain a
critical issue. We established Bacterial Artificial Chromosome (BAC)-GFP
reporter HepG2 based models. With High Content Imaging (HCI) we can
visualize the activation of different stress pathways upon compound
exposure on a single cell level. Although this model has been proven
to be sensitive and predict accurately toxic side effects there are some
limitations. Firstly, with the BAC reporter system we cannot measure
the activation of the endogenous stress gene, only activation of the
ectopically expressed gene is visualized. Secondly, the physiology of the
liver cancer HepG2 cell line is different from benign liver cells, besides
it is known that HepG2 has poor CYP enzyme production. To overcome
the above mentioned limitations we are currently developing a second
generation reporter model for DILI using multiple fluorescent tagged
human induced pluripotent stem cells (hiPSC) using the clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 system. With
this system we can tag multiple endogenous stress-related genes. So
far we developed CRISPR tools to tag TP53 (DNA-damage) and SRXN1
(Oxidative stress response). Once we have developed hiPSC-reporter
cells we can differentiate these cells towards hepatocyte-like cells and
use these for High Throughput drug Screens (HTS). To monitor the
quality of the hiPSC to hepatocyte differentiation process and sensitivity
of these cells towards hepatotoxicants we performed targeted next generation sequencing (NGS) on the different cell stages (hiPSC, definitive
endoderm, hepatoblast, immature hepatocytes and hepatocyte-like
cells) exposed to model compounds of the stress pathways. This transcriptomic analysis revealed that CYP enzyme levels are increased as
compared to HepG2 but are lower when compared to PHHs, furthermore a distinct activation of the different stress pathways was observed,
in which new stress related biomarker genes can be identified. We anticipate that our cellular stress response reporters in combination with HCI
may play a key role in future safety assessment of chemicals.

3200 Advancing the Adverse Outcome Pathway

Framework and Its Applications through a
Global Horizon Scanning Exercise

C. LaLone2, and M. Hecker1. 1University of Saskatchewan,
Saskatoon, SK, Canada; and 2US EPA, Duluth, MN. Sponsor: M.
Embry.
Regulatory agencies worldwide are confronted with the challenging
task of assessing the risks of thousands of chemicals to protect both
human health and the environment. Traditional toxicity testing largely
relies on apical endpoints from whole animal studies, which, in addition to ethical concerns, is costly and time prohibitive. As a result, the
utility of mechanism-based in silico, in vitro, and in vivo approaches to
support chemical safety evaluations have increasingly been explored.
An approach that has gained traction for capturing available knowledge describing the linkage between mechanistic data and apical
toxicity endpoints, required for regulatory assessments, is the adverse
outcome pathway (AOP) framework. A number of international workshops and expert meetings have been held over the past years focusing
on the AOP framework and its applications to chemical risk assessment.

3201 Evaluation of Non-Specific Binding to Different
Organic Polymeric Components in Flow-Based
Advanced Cell Culture Systems for Toxicity
Testing

J. R. Enders, P. Balbuena, D. Billings, L. Rao, E. Burgunder, M. B.
Phillips, and M. Yoon. ScitoVation, LLC, Research Triangle Park,
NC.
To meet the challenges of conducting safety assessment in vitro,
advanced cell culture systems are increasingly applied in toxicity
testing as they better mimic tissue microenvironment, and therefore
better predict compound effects in vivo. Three dimensional (3D) hepatocyte cultures in flow-based bioreactor systems have shown promise
for human metabolism studies and repeated dose toxicity testing.
However, concerns remain regarding secondary aspects of the system
that affect performance, such as non-specific binding of compounds
to system components (e.g., tubing). In the current study, we have
evaluated the degree of non-specific binding of chemicals to different
bioreactor components under various conditions in closed-circuit and
open-circuit systems, using 7-ethoxycoumarin (7EC) as a test compound. The goal was to develop an experimental workflow to determine the kinetics of non-specific binding while minimizing the number
of experiments, and to use the data to build an in vitro kinetic model
to assist in vitro to in vivo extrapolation of bioreactor findings–in our
case, chemical metabolism parameters. Single- and multiple-component systems were used to determine the time course of 7EC concentrations and kinetic parameters describing adsorption and desorption from
several materials were estimated. In single-component systems, Teflon
tubing showed the lowest non-specific binding, with increasing levels
of binding to PharMed® and Tygon®. In multiple-component systems
incorporating several polymers, Tygon® was found to be responsible
for the majority of the binding. Overall, while Teflon performed best
by minimizing non-specific binding to 7EC, the stiffness of this material
makes it difficult to use with peristaltic pump systems and also increases
the total length of tubing needed since it cannot be used for sharp
bends. PharMed® is more flexible and elastic and is compatible with peristaltic pumps. Our results suggest an optimal system using primarily
Teflon with short lengths of PharMed® tubing incorporated as necessary. In this case study, we have shown that our experimental workflow
in conjunction with a computational in vitro biokinetic model can help
with characterizing the kinetics in the system and setting up the system
to ensure biological relevance of the estimated metabolic parameters
from flow-based bioreactors. (Supported by ACC-LRI)

3201b Global RNA-Seq Assessment of Complex

Environmental PAH Mixtures Linked to Chemical
Profile and Phenotype in Zebrafish

D. A. Sampson2, A. L. Knecht2, B. C. Goodale1, K. A. Anderson2, K.
M. Waters3, R. L. Tanguay2, and S. C. Tilton2. 1Dartmouth College,
Hanover, NH; 2Oregon State University, Corvallis, OR; and 3Pacific
Northwest National Laboratory, Richland, WA.
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants that usually occur as mixtures. Our understanding
of PAH mixture toxicity is limited by the fact that most PAHs are primarily studied as individual chemicals. Therefore, we have evaluated
global transcriptional signatures and potential mechanisms associated
with exposure of zebrafish embryos to complex environmental PAHcontaining mixtures collected from the Portland Harbor Superfund site
by RNAseq analysis. Transcriptional profiles were compared to those
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for Mechanism-Based Assessment of DrugInduced Liver Injury (DILI)

generated after zebrafish exposure to individual parent PAHs and
oxygenated PAHs. Zebrafish embryos were exposed to mixtures, individual PAHs (benzo[a]anthracene, dibenzothiophene, benzo[a]pyrene,
dibenzo(a,l)pyrene, pyrene) or oxygenated PAHs (1,9-benz-10-anthrone,
9,10-phenanthrenequinone, benz[a]anthracene-7,12-dione) for 48
hours post fertilization (hpf) and RNA was isolated from whole embryos
for transcriptional analysis. Gene signatures were developed from differentially expressed transcripts (q<0.05) compared to DMSO vehicle
control. Transcriptional data were further analyzed within the context
of the developmental and morphological phenotypes measured in
zebrafish across multiple concentrations at 24 and 120 hpf. Overall,
we observed a strong similarity between the environmental mixtures
and the oxygenated PAHs, which was consistent at both the gene and
pathway levels. Some of the most significant pathways regulated in
common between mixture and oxyPAHs included neurophysiological
process, skeletal muscle development and complement system inflammation, indicating these mechanisms may be linked to common phenotypes across treatments. These studies show that exposure and toxicity
to PAHs in whole environmental mixtures can be addressed through
integrative analysis of high-throughput chemical screening and global
transcriptomics. (Supported by ES016465)

3201c Quantitative Proteomic Analysis of Human

Liver Cells Exposed to Cyproconazole Suggests
Complex Mechanisms Underlying the Observed
Lipid Accumulation
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hours) and at 4 dose levels (0, x1, x3, x10), in triplicate (48 per chemical).
Up to now our database contains more than 100 chemicals data. The
data consist of a set of 3D graphs (time x dose x copies per cell) corresponding to the probe sets of the Affymetrix MOE430 2.0 GeneChip. The
3D surface is used to check the data by eyes and to cluster the genes in
unsupervised ways. Now, the project includes repeated dosage, multiorgan linkage (liver, kidney, lung, heart, testis, and brain), inhalation
toxicogenomics at very low concentrations, i.e. so-called sick building
syndrome levels (lung and liver). A series of originally made software
can generate time-lapse gene lists of a chemical, common gene clusters
among chemicals and other analysis. Further development of functional
genomics and systems biology would ultimately complete the networks
and comprehensively describe the molecular mechanisms of a chemical.
Here we present new data on repeated dose effects including low concentration inhalation studies. In addition, we would like to introduce a
plan that all data along with a battery of original software that handle
3D surface data are to be publicized via Garuda Platform (http://www.
garuda-alliance.org/) in collaboration with Systems Biology Institute.
Through this activity, Percellome Project aim at facilitating mechanistic
toxicology to contribute 3Rs and the promotion and validation of in
silico toxicology. (Supported by the Health and Labour Sciences Research
Grant, MHLW, Japan)

3201e Evaluation of RNA-Seq-Based Toxicogenomic

Assessment As a Discovery Screening Approach
for Potential Hepatocarcinogens

SOT 2017 Annual Meeting

M. Stamou, K. Hauser, S. Diedrich, B. Wollscheid, and S. J. Sturla.
Swiss Federal Institute of Technology (ETH) Zurich, Zurich,
Switzerland.

R. R. Hao, K. P. Glover, S. M. Wezalis, A. L. Cogburn, D. L. Nabb,
and L. K. Markell. DuPont Haskell Global Centers for Health and
Environmental Sciences, Newark, DE.

Cyproconazole, an azole fungicide used to protect plants from fungal
disease, has been shown to cause hepatomegaly in rodent studies.
Cyproconazole-induced hepatocellular vacuolization is accompanied by
changes in the expression of genes involved in fatty acid and phospholipid metabolism, suggesting hepatic steatosis as an adverse outcome of
relevance to cyproconazole exposure. In order to investigate the molecular mechanisms involved in cyproconazole-induced steatosis, HepaRG
cells were exposed to low levels (25, 50, 100 and 200 μM) of cyproconazole for 24 hours and 72 hours. As a phenotypic readout, lipid accumulation was assessed using Oil Red O. No changes in lipid content were
observed following exposure of HepaRG cells to cyproconazole for 24
hours. In contrast, 72 hour exposure to 200μM cyproconazole resulted
in significant accumulation of lipids in these cells. We investigated the
proteotype of HepaRG cells in order to assess quantitative changes in
protein abundance upon dose- and time-dependent cyproconazole
perturbation. 3553 proteins were identified and quantified in HepaRG
cells by using a data-independent mass spectrometric data acquisition.
The data show widespread protein abundance changes across all cyproconazole exposure conditions, indicating pleiotropic activities of cyproconazole. Cyproconazole-perturbed hepatic pathways include specifically a set of enzymes (hydrolases, oxidoreductases and transferases)
and proteins involved in transcriptional regulation networks. Consistent
with observed lipid accumulation, exposure to 200 μM cyproconazole
resulted also in decreased levels of proteins involved in phospholipid
and fatty acid metabolism, such as tensin 1, apoliproprotein A-I, arylsulfase A and mitochondrial electron transfer flavoprotein. Together,
the data obtained on the phenotype and proteotype level provide preliminary evidence that cyproconazole might induce hepatic steatosis
by disrupting hepatocellular lipid metabolism. This work was supported
by the European Union Horizon 2020 Framework Program (Euromix, Grant
633172).

Identification of potential human-relevant carcinogens may have a significant impact on the viability of a new product, yet it may not occur
until late stages of product development. Mechanistic studies may be
designed to identify the human relevance of the potential carcinogens.
For example, constituitive androstane (CAR) and pregnane X (PXR)
receptors do not have relevance to humans, while the arylhydrocarbon
receptor (AhR) is assumed to be a relevant mode of action for human
hepatocarcinogenesis. In order to proactively assess the potential for
hepatocarcinogenesis and human relevance at an early stage, RNA-seqbased toxicogenomics was performed to identify chemicals that may
cause liver tumors by non-genotoxic mechanisms. Five compounds
were assessed at three dosing concentrations (100, 300, 600 mg/kg/
day) using female Sprague Dawley rats. Animals were dosed for 6 days
by gavage, and were sacrificed approximately 24-hours after the last
dose. Liver samples from the left lobe were fixed for histopathology
assessment and a 10 mg sample was flash frozen for RNA-seq-based toxicogenomics. Gene expression profiles were analyzed using Genedata,
followed by pathway analysis using Ingenuity pathway analysis (IPA).
Amongst the 5 compounds tested, varying degrees of hepatocellular
hypertrophy were identified, which correlated with induction of CYP2B1
(target of CAR) and CYP3A1 (target of PXR), indicating the CAR/PXR mediated effects. Furthermore, the assessment of additional CAR/PXR regulated genes verified this mechanism. Although CYP1A1 (AhR target) was
induced for all of the compounds at the high dose, alteration of the Ah
receptor signaling pathway was not identified for all of the compounds,
indicating the crosstalk of other receptor-mediated signaling pathways.
The results demonstrate that the RNA-seq-based toxicogenomics is a
useful tool for assessing receptor-mediated activation in vivo, providing
mechanistic insight into modes of action relevant to hepatocarcinogens
and aiding in product development decision-making.

3201d Percellome Toxicogenomics Project, Its Recent
Progress

J. Kanno1,2,, S. Kitajima2, K.-i. Aisaki2, and K. Taneumra3. 1Japan
Bioassay Research Center, Hadano, Kanagawa, Japan; 2National
Institute of Health Sciences, Tokyo, Japan; and 3Tohoku University,
Sendai, Japan.
Percellome project attempts to comprehensively identify the transcriptomic networks induced by xenobiotics. For this attempt, we adopted
phenotype-independent approach, simply because not all the changes
in mRNA expression can be anchored to the symptoms or overt phenotypes. Consequently, there emerged a need to pile up large amount
of transcriptomic data. For this need, a normalization method designated as “Percellome” was developed (BMC Genomics 7:64, 2006) for
microarrays and quantitative PCR to generate absolute copy numbers
of each mRNA per one cell (in average) by normalizing the data against
the cell number of the sample. We monitored the time- and dose-dependent alteration of gene expression induced by a single oral administration of a test chemical in mouse organs at 4 time points (2, 4, 8 and 24

3201f Excess Selenium Increases Risk for Metabolic

Diseases: An Insight into Selenium-Dependent
Transcriptome-Metabolome Wide Association
Study (TMWAS)

X. Hu, J. D. Chandler, J. Fernandes, M. L. Orr, H. Li, Y.-M. Go, and J.
P. Dean. Emory University, Atlanta, GA.
Background: Selenium (Se) as a vital nutrition is essential in synthesis
of 25 selenoproteins responsible for a wide range of physical functions,
ranging from antioxidant defense to thyroid hormone production.
However, Se is also a toxicant if taken in excess. Although additional Se
intake has shown to benefit people with low Se status, Se can increase
the risk of type II diabetes in those with adequate-to-high status. The
optimal Se intake level is not defined due to the lack of understanding
on the mechanistic effects of Se supplementation. Objectives: To understand Se-induced metabolic alterations at systems biology level analyzing mouse liver tissues by integrative high resolution metabolomics
(HRM) and transcriptomics. Results: Quantification of Se concentration and selenoprotein transcripts show that no significant difference
was observed in livers comparing between Se-treated male mice (4

3201g Genome-Wide CRISPR-Cas9 Screens Identify

Genes Involved in Toxic Responses to Arsenic
and Acetaldehyde

mice, birds, and fish in response to nitrotoluenes. Effects were confirmed
in proteomics and lipidomics investigations where lipid metabolism
was impaired leading to fatty acid accumulation in the liver in conjunction with muscle wasting and overall weight loss. Additionally, omics
response to nitrotoluenes indicated enrichment of peroxisome proliferator-activated receptor (PPAR) signaling pathways where expression
was strongly inhibited. PPARs are key transcriptional regulators of systemic energy metabolism, where the PPARα isoform controls lipid transport and metabolism. We tested the effects of nitrotoluenes on PPARα
signaling in human in vitro nuclear receptor inhibition assays confirming
that nitrotoluenes caused significant signaling inhibition. Given our
observations, we developed a hypothetical AOP establishing PPARα
binding / inhibition as the molecular initiating event (MIE) for a series of
key events leading the adverse outcome (AO) of starvation-like weight
loss. The connection between impaired PPARα signaling and the AO
was validated in PPARα knockout (K/O) mice where the PPARα K/O eliminated the AO resulting from nitrotoluene exposures. Computational
docking assays support the putative MIE indicating probable binding
of nitrotoluenes to the PPARα active site, a hypothesis presently being
tested in PPARα competitive-binding assays. Overall, this work demonstrates the power of omics for leading systems-level development of
AOPs.

3202 Real-World Medication Usage and Exposure in

Patients Using Comprehensive Therapeutic Drug
Monitoring

A. Sobh1, A. Loguinov2, L. Zhang1, M. Smith1, and C. Vulpe2.
1University of California Berkeley, Berkeley, CA; and 2University of
Florida, Gainesville, FL.

J. S. Daniels, R. D. Morrison, J. J. Sutherland, S. B. Milne, and T.
P. Ryan. Sano Informed Prescribing, Franklin, TN. Sponsor: C.
Thomas.

Mechanisms of toxicity remain unclear for many well-studied chemicals
including arsenic and acetaldehyde. Acetaldehyde, the primary oxidative product of alcohol metabolism has been linked to multiple health
consequences. Acetaldehyde is suggested to underlie the hematologic
complications of alcohol use such as leukemia and bone marrow failure
but the mechanism(s) of acetaldehyde toxicity in hematopoiesis are
poorly understood. Arsenic trioxide (ATO) is an effective anti-leukemic
agent used in the treatment of acute promyelocytic leukemia (APL).
While some anti-leukemic effects of ATO in APL cells are characterized,
the cytotoxic mechanisms underlying ATO-induced growth inhibition
and apoptosis remain unclear. Comprehensive identification of cellular
pathways involved in chemical toxicity response has recently become
more feasible due to the emergence of the CRISPR (clustered regularly
interspaced short palindromic repeats)-Cas9 (CRISPR associated protein
9) genome-editing tools that enable genome-wide functional toxicogenomics approaches. We generated pooled genome-wide libraries of
mutant K562 human erythroleukemic cells by global gene disruption
using CRISPR-Cas9. The mutant cell libraries were screened to identify
genes whose loss-of-function alters sensitivity to acetaldehyde and
arsenic trioxide. Our primary screens identified multiple candidate
genes that are potentially involved in the mechanism(s) of toxicity of
each chemical. Consistent with the reported role of aldehydes in DNA
damage, we demonstrated that disruption of genes encoding DNA
repair enzymes increases the toxic effect of acetaldehyde. Our results
also suggest a role for mitochondrial fragmentation as one of the mechanisms underlying acetaldehyde toxicity. Our study on arsenic trioxide
suggested a predominant role of reactive oxygen species (ROS) in ATO
toxicity and revealed a novel link between arsenic toxicity and selenocysteine metabolism. Our work further demonstrates the strength
of high throughput screening using the CRISPR-Cas9 system in deciphering mechanisms of toxicity.

The improper use of medications cost US Healthcare over $200 Billion
annually, and is an important factor underlying drug interactions and
adverse events experienced by patients in response to drug therapy.
Non-adherence is the largest component of medication misuse,
however, non-adherence measures are constrained because this information is derived from claims and medical record information - not
directly from the patient. A superior approach would be to measure all
drugs in a patient, match the measured drugs with patient records, and
empirically address patient compliance and record accuracy. Further,
quantitative measurement in blood relative to therapeutic ranges would
produce individualized, real-world information on drug interactions and
other factors that cumulatively determine exposure. In this study, we
directly measured 302 drug analytes in the blood of 1530 human subjects using a single, multiplex LC/MS assay. On average, we detected
4.1 drugs per patient. Data were dependent upon patient cohort, with
an average number of 5.9 drugs/patient for specialty patients vs. 3.2
drugs/patient for patients representative of the adult US population. In
specialty patients, 28% of medicines detected were not in the medical
record (inaccuracy), and 36% of the medicines prescribed were not
detected in blood (non-adherence). This rate of medication non-adherence was twice that seen in prospectively enrolled clinical trial patients,
demonstrating inherent bias in enrollment and the value of real-world
measurement. Medication redundancy and proposed drug-drug interactions were more prevalent in medications not found in the patient’s
medical record, indicating that prescriptions written by secondary physicians are blind to the concomitant medications a patient is taking.
Each medication detected was quantified relative to its reported therapeutic range. We found that 48% of the medications detected were
not in range, with blood levels varying by as much as 100 fold across
patients administered the same dose. In sum, we demonstrated using
a comprehensive approach that behavioral, systematic, and biological
issues are frequent in current medication management practice. When
these data were compiled into a relational database, biological trends
and behavioral observations were uncovered that will lead to better
prescribing practices.

3201h From Zero to Validated Adverse Outcome
Pathway with Genomics Guiding the Way

K. A. Gust4, M. S. Wilbanks4, D. R. Johnson2, Y. Deng3, C. Y. Ang1, L.
D. Burgoon4, K. B. Donohue4, and E. J. Perkins4. 1BTS, San Antonio,
TX; 2GHD, Dallas, TX; 3Rush University Medical Center, Chicago,
IL; and 4US Army, Engineer Research & Development Center,
Vicksburg, MS.
Genomics investigations sparked the discovery of a critical adverse
outcome pathway (AOP) relevant to both ecological and human health.
This work represents a series of studies that established the molecular,
mechanistic and systems-level impacts of the most abundantly distributed class of munitions contaminants, the nitrotoluenes. Historical investigations of nitrotoluenes identified lethargy, weight loss and muscle
wasting as general adverse outcomes (AOs) of exposure. To identify the
source(s) of these AOs, transcriptomics investigations in nitrotouene
exposures were conducted to identify the genes and pathways affected.
A recurring theme of inhibited expression for transcripts involved in
lipid and systemic energy metabolism pathways were observed in rats,

3203 Evaluation of Circulating MicroRNAs from

Dried Matrix Spots for Biomarker Analysis of
Hepatocellular Necrosis in Rats

L. M. Patrone, J. Calvano, R. S. Mangipudy, and M. Tirmenstein.
Bristol-Myers Squibb, New Brunswick, NJ.
MicroRNAs (miRs) are small (~21-25 nucleotides), non-coding single-stranded RNAs that regulate gene expression and are currently
being assessed as biomarkers of target organ toxicity. MiRs are stable
in biological fluids and are highly conserved across many species. In
addition, many miRs are expressed in a tissue/organ-specific manner.
MiR-122 is specifically expressed in the liver, may be more stable for
detecting liver changes than alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activity levels, and circulating miR-122
levels are now being used pre-clinically and clinically as biomarkers of

519
SOT 2017 Annual Meeting

mg Na2SeO4/L in drinking water for 16 weeks, n=8) and control group
(water, n=8). However, mice treated with Se gained more weight (2-fold
higher increase in Se vs control). The results of HRM show that 3453 (out
of 12461) metabolic features in the liver metabolome were significantly
associated with body weight gain (p < 0.05). These significantly changed
features represented enrichment of metabolic pathways in fatty acid
metabolism and bile acid synthesis. Similar pathway enrichment was
found in transcriptome shown by Gene Set Enrichment Analysis (FDR
< 0.05). Transcriptome-metabolome-wide association study (TMWAS)
showed several network substructures where triglycerides (TG) and
phosphatidylglycerol lipids highly correlated with hubs of genes
responsible for mitochondrial fatty acid oxidation and cholesterol biosynthesis. In particular, expression of genes for steroid biosynthesis and
fatty acid metabolism was upregulated by Se. This change was accompanied by lowered levels of bile acids and accumulation of acyl-carnitines. This indicated that excessive biosynthesis of cholesterol and TG
was induced by excess Se, yet the catabolism of cholesterol and TG was
suppressed, leading to disorder of many other energy metabolism processes. Conclusion: Excess Se supplementation to Se-sufficient people
disrupts cholesterol and fatty acid homeostasis. These findings provide
mechanistic insight into adverse effects of nutrition in contributing to
metabolic diseases and toxicity.

liver injury. This study explores the advantages of using micro-volumes
of 3 types of dried matrix spots (DMS); dried whole blood spots (DBS),
dried plasma spots (DPS), or dried serum spots (DSS), over conventional
liquid serum and plasma miRNA assays. Each DMS platform significantly
decreases the blood volume required and simplifies the sample storage
methods, while preserving high quality RNA. We compared the use of
the 3 different forms of DMS with liquid plasma and serum analyses to
evaluate whether circulating miR-122 could be accurately detected from
control rats and rats treated with a known liver toxicant, acetaminophen (APAP). MiR-122 values were increased (>100× controls) in liquid
plasma and serum after 24 h in APAP-treated rats. These increases in
miR-122 levels correlated with ALT and AST changes and histopathologic evidence of centrilobular hepatocellular necrosis in APAP-treated
rats. MiR-122 levels in DPS and DSS samples were within 3% of the
results obtained from the respective liquid plasma and serum miR-122
data. MiR-122 increases were also detected in whole blood samples
from APAP-treated rats. Our results indicate that miR-122 is very stable
in DMS samples when stored at room temperature for extended time
periods (up to 28 days), and that analyzing miR-122 levels with DMS
sampling techniques provide a viable alternative to more conventional
methods (ALT, AST) for measuring liver injury.

3204 Scope and Limitations of Current 3D Spheroid
Culture Screening Systems

Plummer2,

S.
D. Pamies1, J. Wright2, G. Ball2, and T. Hartung1.
1Johns Hopkins, Baltimore, MD; and 2MicroMatrices, Dundee,
United Kingdom.
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We compared outputs for immunofluorescence (IF) staining, imaging
and analysis of spheroids using SpheroMatrices spheroid tissue
microarray technology (TMA) with existing whole mount confocal
imaging technology (WMCIT). Brain microphysiological system (BMPS)
spheroids at 5 weeks (5w) and 8 weeks (8w) differentiation were IF
stained with the neuronal markers NeuN and TUJ1 in parallel using the
two different methods. For SpheroMatrices TMAs, sections of BMPS
arrays were stained using standard IF staining methodology, and for
WMCIT the BMPS were immunofluorescence stained in a whole mount
format. NeuN staining of SpheroMatrices TMA sections showed characteristic punctate nuclear staining of this RNA splicing protein whereas
nuclear staining in the whole mount prep was not observed. The
SpheroMatrices TMA, enabled imaging of the whole spheroid depth,
using a Zeiss 700 confocal microscope, contrary to the WMCIT system
where it was only possible to image the outer areas of the spheroid due
to light scattering/quenching. We performed automated quantitative
image analysis on the SpheroMatrices array image data and found that
with NeuN there was a significantly higher area and intensity of staining
in the 8w BMPS compared to the 5w (P<0.001), consistent with NeuN as
a marker of fully differentiated neurons. There was no difference in TUJ1
staining between 5w and 8w BMPS. Using SpheroMatrices, it was possible to quantify the extent of neuronal differentiation in the spheroids
using NeuN nuclear staining in multiple spheroids, a method suitable
for high throughput screening analysis. This approach is currently being
applied for testing drugs for efficacy against glioblastoma in a hybrid
BMPS glioblastoma model (gBMPS).

3205 Assessment of In Silico-Designed Probes for Rat
Whole Exome Sequencing

J. F. Foley2, R. R. Shah3, D. P. Phadke3, A. Cua1, S. Hardy1, V. Miller1,
G. G. Solomon2, A. R. Pandiri2, R. A. Herbert2, R. C. Sills2, and B. A.
Merrick2. 1Agilent Technologies, Santa Clara, CA; 2NIEHS, Research
Triangle Park, NC; and 3Sciome, LLC, Research Triangle Park, NC.
Whole exome sequencing (WES) is a powerful approach for detecting
gene variants in exons of the genome using Next Generation Sequencing
(NGS). A major use of WES would be identifying genomic variations
induced by toxicants. Compared to whole genome sequencing, WES
is cost efficient and can provide sequencing depth to identify less
common mutations within exons. Exome capture systems have been
developed for many species, but not rat, an important experimental
animal. Agilent and NIEHS collaborated to develop a 50 Mb Rat Exome
capture system based on 120mer probes. Informatics analysis of available gene annotation from RGSC6.0/rn6 RefSeq and Ensembl transcripts provided 223,636 unique exons representing a total of 26,365
unique genes and untranslated regions. Using this annotation and Rn6
reference genome, Agilent’s in silico probe design protocol generated
793,385 total probes of which 94.2% were uniquely aligned to the rat
genome without mismatches. Further informatics analysis revealed
25,249 genes (95.8%) were covered by at least one probe and 23,603
genes (93.5%) had every exon covered by one or more probes. The
newly designed probe set is being employed for the first time on DNA
isolated from fresh frozen and formalin fixed (24hr) rat liver along with

several different rat tumor cell lines to determine the ability to capture
known DNA mutations. Rat lines include the FAT7 nasal squamous cell
carcinoma induced by formaldehyde inhalation; the C6 glial tumor line
induced by N-nitrosomethylurea; the NBT-II Nara bladder tumor cell line
induced by N-butyl-N-(4-hydroxylbutyl) nitrosamine and DSL-6A/C1, a
pancreatic carcinoma line induced by azaserine. The testing phase is
being followed by exome-sequencing on DNA isolated from a larger rat
tumor sample set containing paired frozen and formalin fixed paraffin
embedded tissues. The rat is an important animal model used extensively in academia, industry and governmental agencies for toxicity and
carcinogenicity assessment of various drugs, chemicals and agents. This
newly developed rat exome enrichment system will fill an important
void in the NGS tools available for rat genomic research.

3206 Acrolein Degradation in Dulbecco Modified

Eagle Medium: An Investigation on TimeDependent Changes in Acrolein Concentration
within the In Vitro Setting

R. Rinaldi1, J. Coyle2, M. Bourgeois2, G. Johnson2, J. McCluskey2,
and R. Harbison2. 1University of South Florida, College of Arts and
Sciences, Tampa, FL; and 2University of South Florida, College of
Public Health, Tampa, FL.
Acrolein is a highly reactive α,β-unsaturated aldehyde, which can be
produced by the heating or cooking of oils and through production via
propylene, as well as endogenously through bioactivation of certain
chemotherapeutic agents, including cyclophosphamide and its analogues. Environmentally, acrolein is highly unstable and prone to volatilization, with a half-life estimated to be 23 hours in deep water, 1-3
days in shallow water pools, and 15-20 hours in open air. However, the
half-life in biological or in vitro systems, e.g., blood or culture media, has
not been well-characterized. Half-life determinations were conducted in
low-serum (1.0 % v/v) DMEM at room-temperature and 37°C at selected
time points using a fluorometric measurement of derivatized acrolein
with 3-aminophenol, catalyzed at 95 °C as described by Alarcon (1968)
with modifications by Chaudhary et al. (2009). In low-serum DMEM held
at room temperature, the percent remaining at 24 hours was 56.7 ±
6.5 % and 41.0 ± 9.5 %, respectively, of the corresponding time zero
measurement for 250 μM and 25 μM acrolein-containing media in
closed-vessel experiments; estimated half-lives in this system for the
two initial concentrations are >24 hours and 11.4 hours, respectively.
In low-serum DMEM equilibrated to 37 °C contained within open TCT
polystyrene culture dishes, acrolein measurements at 24 hours revealed
reductions of 90% or greater from the initial 250 μM, with a calculated
half-life between 15 and 30 minutes. Analogous measures in closedvessel experiments showed a reduction in acrolein loss at 24 hours to
approximately 60% initial concentrations, with a half-life longer than 24
hours, suggesting volatilization as the main contributor to the observed
concentration change in medium at 37 °C, rather than acrolein-DMEM
constituent adduction - though the latter could not be ruled out. These
results undermine the actual experimental exposure conditions stated
in in vitro experiments examining the role of subacute and subchronic
cell and tissue culture toxicity characterization of acrolein.

3207 Whole Transcriptome Profiling from Small
Amounts of Archived FFPE

M. Babic, J. Yeakley, and B. Seligmann. BioSpyder Technologies,
Inc., Carlsbad, CA. Sponsor: I. Rusyn.
Sensitive measurement of gene expression from FFPE is problematic
due to degradation and cross-linking. Often the lesion of interest is focal
within a section, or the tissue limiting, requiring a sensitive assay. In
addition, as whole transcriptome profiling of compound-treated cells
becomes more widely adopted as a method to characterize safety and
efficacy, it will be tremendously useful to profile FFPE from animals
dosed with the same agents to understand what gene signatures mean.
TempO-Seq is a commercially available targeted sequencing platform
capable of measuring the whole transcriptome to profile fresh, frozen or
fixed tissue sample lysates without use of extraction or reverse transcription of RNA, and has very high sensitivity (10 molecules, single cell) with
single base specificity. The TempO-Seq assay can be performed in any
standard thermocycler. A streamlined TempO-Seq software package
permits any scientist to QC the sequencing data, convert sequencing
counts to the specific abundance of each gene, normalize this data,
calculate average expression levels and CV’s, and identify differentially expressed genes themselves, all without assistance of a bioinformatics expert. In characterizing TempO-Seq we observed equivalent
performance whether RNA is degraded (RIN = 3) or intact (RIN = 9.1).
We proceeded to investigate performance profiling FFPE, finding that
TempO-Seq enables highly sensitive measurement from FFPE, as sensitive and in certain cases exceeding the sensitivity in matched frozen

3208 Evaluating Biological Activities by Transcription
Factor Profiling

S. S. Makarov1, A. Medvedev1, M. Moeser1, L. Medvedeva1, E.
Martsen1, S. Makarov1, and K. A. Houck2. 1Attagene, Research
Triangle Park, NC; and 2US EPA, Research Triangle Park, NC.
RATIONALE: Biological activity of a chemical is manifested by changes
induced in a living cell. Current approaches to assessment of bioactivities involve myriads of different ad hoc assays that evaluate various cellular functions and processes. The resulting ambiguity hampers mechanistic understanding and complicates comparisons of compounds. Here,
we describe a systems biology approach whereby multiple biological
activities of a compound are inferred using a single assay that evaluates
the pattern of perturbations of cellular signal transduction pathways
that regulate transcription. EXPERIMENTAL DESIGN: Using a multiplexed
reporter system1, the FACTORIAL TF, we describe cell response to a
compound by a multi-endpoint “TF signature”, representing the profile
of compound-induced changes of activities of multiple transcription
factors (TFs) within the cell. RESULTS: We show that different classes of
stimuli, including inhibitors of ubiquitin/proteasome pathway, histone
deacetylation inhibitors, microtubule polymerization disruptors, DNA
damaging agents, inhibitors of the mTOR and MAPK/ERK signaling cascades, and mitochondrial inhibitors, each exhibited their own characteristic TF signatures regardless broadly different structural and mechanistic properties. These common TF signatures were found in different
cell types. Furthermore, we show that the characteristic TF signatures
enabled accurate identification of novel compounds with a given bioactivity among thousands of uncharacterized compounds, and thus we
named those signatures as “archetypal TF signatures” of bioactivities.
CONCLUSIONS: The TF activity profiling may represent a unified general
approach to the evaluation and systematization of biological activities
of various classes of drugs and environmental toxicants. This abstract
does not reflect US EPA policy.

3209 Reconfigurable Multi-Organ Systems for

Evaluation of Anti-Cancer Therapeutics
Targeting Efficacy and Off-Target Toxicity Using
Functional Readouts

C. W. McAleer1, C. J. Long1, D. Elbrecht1, T. Sasserath1, L. R. Bridges1,
J. W. Rumsey1, and J. J. Hickman2. 1Hesperos, Inc, Orlando, FL; and
2University of Central Florida, Orlando, FL.
Here we describe a pumpless, reconfigurable, body-on-a-chip system
containing recirculating serum-free medium that facilitates multiplexed
analysis of drug compounds including on-target efficacy, direct metabolic effects, and functional measurements of off-target effects using
bioMEMs devices. Two cancer-based configurations are presented. In
the first configuration, primary human hepatocytes were culture with
two human bone marrow cancers embedded in hydrogel for anti-leukemia drug analysis. In this system, diclofiac and imatinib demonstrated
a cytostatic effect on bone marrow proliferation. Liver viability and CYP
enzyme activity were not affected by imatinib, however, systems treated
with diclofiac reduced liver viability by 30% and increased CYP3A4 and
2C9 activity. These data are in agreement with clinical trial data for both
compounds. The second configuration housed a multi-drug resistant
vulva cancer line, a non-multidrug resistant breast cancer line, primary
human hepatocytes, and human iPSC cardiomyocytes on bioMEMs
devices. In this system tamoxifen reduced viability of the non-multidrug
resistant breast cancer cells after liver metabolism, but did not affect
the multi-drug resistant vulva cancer cells except when co-administered
with verapamil. Both tamoxifen alone, and co-administration with verapamil produced off-target cardiac effects as indicated by a reduction
of the functional readouts for contractile force, beat frequency, and
conduction velocity. Overall, these results further validate the utility

of human-based, in vitro multi-organ systems for pre-clinical drug
screening, and demonstrate this system’s unique capacity for incorporating various tissues with bioMEMs devices for custom interrogation of
different organ systems, drug efficacy readouts and off-target interactions in the same recirculating serum-free system.

3210 Driving Primary Liver Cells into Proliferation
A. Noerenberg, N. Runge, and T. Johannssen. upcyte technologies
GmbH, Hamburg, Germany. Sponsor: P. Hewitt.
Isolated liver cells, such as hepatocytes, liver sinusoidal endothelial cells
(LSECs), Kupffer Cells and hepatic stellate cells, are frequently used to
study hepatic metabolism, toxicity and diseases. The current in vitro
culture models, however, have several disadvantages e.g. short culture
longevity and artificial culture conditions that focus mainly on a single
cell type in 2D culture. The use of primary cells in vitro is compromised
by the limited quantity of cells that can be isolated from one donor, a
lack of or very restricted proliferation capacity (hepatocytes and LSECs)
and/or the change from a quiescent to an activated state (hepatic stellate cells). Recently developed human upcyte hepatocytes and LSECs
offer the advantage of combining many features of primary cells with
the unlimited availability of hepatoma cells.Here we describe the latest
characterization data which was performed using upcyte hepatocytes
and LSECs. upcyte hepatocytes maintained important hepatic functions including ureogenesis, glycogen storage, lipid accumulation,
and albumin secretion. All donors were sensitive to prototypical CYP
inducers such as PB and RIF, similar to pHH. They exhibited measurable
activity of several phase I and phase II enzymes (e.g. CYP2B6, CYP2A6,
CYP3A4, UGT1A1). Importantly, upcyte hepatocytes predicted acute
and long-term hepatotoxicity, as determined by a multiparametric
HCS approach using established model compounds. upcyte® LSECs
retained important endothelial cell markers, such as CD31 and vWF,
and exhibited functional uptake of LDL, as well as the ability to form
tubes in Matrigel. LSEC-specific uptake of ligands or the expression of
the corresponding uptake receptors (MR, FcγR2BII and HA/S-R) could be
detected. Expression profiles of upcyte® and primary LSECs were generated using Illumina whole genome array. Preliminary analysis revealed
very few changes in the expression profile. Only 0.45% of a total of
48,107 genes analyzed were found to be up- or downregulated more
than 2-fold.These data support that upcyte LSECs are very uniquely and
applicable to cell based assays as co-culture (e.g. with hepatocytes) and
toxicity studies. In conclusion, combining the phenotype of primary cells
and the ease of handling of cell lines, such as HepG2, upcyte hepatocytes and LSECs offer suitable properties to be potentially used for toxicological and metabolic assessments during drug development.

3211 Activity-Based Probes Selectively Characterize

Glutathione-s-transferase Functional Activity in
Liver Lysates and Living Cell Lines

A. T. Wright, E. Stoddard, B. Killinger, R. Nair, N. Sadler, and R.
Corley. Pacific Northwest National Laboratory, Richland, WA.
Glutathione transferases (GSTs) comprise a highly diverse group of drug
metabolizing enzymes that catalyze the conjugation of glutathione
(GSH) to xenobiotic substrates. A deeper understanding of the role GSTs
play in xenobiotic metabolism could lead to advances in treatment and
drug design. We have synthesized two activity-based probes to investigate the response of the various classes of GST activity to xenobiotic
perturbations. One of these probes is a photoreactive derivative of glutathione (GSH-ABP), which binds specifically to GSTs in the S9 fraction
of mouse liver tissue lysate. Quantitative proteomic analysis of GSH-ABP
labeling of the S9 fraction revealed specific targeting of several classes
of GSTs, with the most active targets identified as GST classes A4, Mu2,
and Mu1. We have also developed an activity-based probe (GST-ABP)
derived from a known GST inhibitor that covalently binds to a cysteine
in the GST binding pocket. GST-ABP binds to GSTs and inhibits their
activity. Quantitative proteomics of liver S9 fraction labeling by GST-ABP
revealed primary enrichment of GST class theta 2. In addition to probe
labeling of tissue lysate, HepG2 cell lysate treated with 10mM acetylsalicylic acid resulted in increased GST labeling and activity. Live-cell
labeling of HepG2 cultures has also been shown using GST-ABP-1, highlighting the utility of this approach in the study of GST regulation and
GST-mediated drug resistance in cell lines. These studies demonstrate
the utility of our GST-specific activity-based probes to study changes in
GST activity. (Funded by NIEHS Grant No. P42 ES016465)
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tissues. Fixed tissue produces more consistent and reproducible data,
most likely due to opening of RNA secondary structures and release
from RNA-binding proteins during fixation. Reproducibility is excellent for fresh FFPE (R2=0.99) and for 30-year-old archival FFPE, R2>0.88.
Interestingly, for very old archival samples, the best results were
obtained from frozen samples which were fixed before assaying, with
reproducibility providing R2>0.96. We found that TempO-Seq can profile
H&E or antibody stained FFPE. Thus, we performed image-guided excision on FFPE sections and measured gene expression measured from
focal 1 mm2 areas of a 5 μm section, enabling us to obtain whole transcriptome profiles of normal prostate glands, high grade PIN, and prostate cancer from the same FFPE section and identify unique molecular
profiles characterizing the progression of disease. Thus, we demonstrate
that high quality whole transcriptome profiling of FFPE is now possible.

3212 Targeted Whole Transcriptome Gene Expression
Profiling for Mechanistic Toxicology

J. M. Yeakley, P. Shepard, and B. Seligmann. BioSpyder
Technologies, Inc., Carlsbad, CA. Sponsor: I. Rusyn.
Gene expression profiling offers a powerful and sensitive way to characterize biological responses to chemical or drug treatments, and could be
used for read-across compound evaluations. However, whole transcriptome profiling by traditional RNA-seq is cost and effort prohibitive for
large-scale, statistically powered studies. We have extended TempO-Seq,
a novel, simple, and cost effective targeted sequencing method to cover
the whole human transcriptome, targeting 18,886 genes at 20,629 loci.
Whole transcriptome TempO-Seq shows highly significant correlation
with RNA-seq for measuring differential expression when using reference RNAs (R2 = 0.89), and exhibits single base specificity and single
cell sensitivity. To assess its utility for detecting compound-induced
changes in expression, we treated MCF7 cells with a 5-log concentration
range of Trichostatin A (TSA), a broad spectrum HDAC inhibitor, and
cell lysates were assayed directly without RNA purification or reverse
transcription, resulting in an average of 3.1 million reads per sample. As
expected, changes in gene expression were not subtle, with 4,154 RNAs
measured in 1 uM TSA treated cells as significantly (padj<0.05) different
from DMSO vehicle controls. The 300 most significant up and down-regulated genes were used to query the CMAP database of genes differentially regulated by small molecule compounds. In addition to accurately identifying overlapping gene sets due to TSA treatment of MCF7
cells, other strongly overlapping gene sets were TSA treatment of PC3
and HL60 cells, suggesting that a consistent TSA signature was evident
despite the large differences in baseline gene expression characteristic
of these very different cell lines, and implying that TSA effects may be
more specific than previously reported. The sensitivity of TempO-Seq for
differential expression prompted the identification of additional genes
that did not appear in any of the 26 MCF7 TSA studies in the CMAP database despite their high levels of expression and strong fold differences.
Among the most significant overlaps of these genes with genes in GSEA
were profiles associated with UV irradiation, a previously unreported
effect of TSA alone. These results suggest that TempO-Seq can detect
changes in important mechanisms and pathways that other methods
fail to detect, even for compounds with significant biological effects,
and further support its use for monitoring gene expression responses
to test compounds.

3214 Development of an In Vitro Model of Mucociliary
Rat Airway Epithelium for Inhalation Toxicity
Testing

G. R. Jackson, A. Maione, M. Klausner, and P. J. Hayden. MatTek
Corporation, Ashland, MA.
Accurate assessment of inhalation toxicity and irritation potential is
important for developing new inhalable therapeutics, evaluating environmental air pollutants, and for establishing safe handling, labeling,
and emergency response procedures for chemicals. Traditionally,
animal models have been used for assessing respiratory toxicity.
However, there is growing awareness and concern that animal models
do not always accurately predict human outcomes. Therefore, development of in vitro organotypic airway tissue models constructed from
primary human cells has been a high priority in the scientific community. Yet, the validation of these systems for predicting in vivo human
response is problematic because the available in vivo toxicity data was
primarily produced from animal models. Thus, it is unclear if discrepancies between human in vitro data and animal in vivo data are due to
model differences or species differences. The missing link for validation
is a corresponding in vitro animal airway model. The goal of the current
project is to develop a scalable in vitro organotypic model of rat mucociliary airway epithelium. This will allow for the direct comparison with
human in vitro airway models and consequently close the loop in the
current validation process. Airway tissues were obtained from 8-week
old, male, CD rats (Charles River). Conducting airways were dissected
and epithelial cells were isolated following enzymatic digestion. Isolated
cells were seeded onto microporous membrane inserts and cultured
at the air-liquid interface for up to 27 days. H&E stained histological
evaluation demonstrated a high level of organotypic mucociliary differentiation including a pseudostratified epithelial structure with copious
development of functional cilia. Robust barrier function was demonstrated by development of transepithelial electrical resistance of up to
800 Ω x cm2. Ongoing works seeks to optimize the process for producing
large numbers of differentiated rat airway cultures for routine experimentation. These results suggest that in vitro rat airway models may be
a useful tool to allow rodent to human translation of in vitro inhalation
toxicology data, and ultimately a more complete transition to human
based in vitro models of inhalation toxicity.

3215 Construction of a Neurovascular System Using
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3213 qEEG as a Biomarker of Animal Welfare:

Assessing the Influence of Different Caging
Environments and Ventilation Protocols in
Cynomolgus Macaques (macaca Fascicularis)

S. Authier3,4,, M. V. Accardi3, M. Pouliot3, R. Forster2, and A. Aslam1.
1CiToxLAB, Evreux, France; 2CiToxLAB France, Evreux, France;
3CiToxLAB North America, Laval, QC, Canada; and 4Université de
Montréal, St-Hyacinthe, QC, Canada.
Introduction: Environment has an impact on animal welfare but limited
tools are available to quantify animal wellbeing. Monitoring of cardiovascular parameters could not identify beneficial effects of social housing in
cynomolgus macaque (Macaca fascicularis). This study evaluated the
effect of caging configuration and ventilation on biomarkers of anxiety
in cynomolgus macaques (n = 6). Stress levels were monitored by means
of electroencephalographic (EEG) parameters while each macaque was
either single- or pair-housed with a familiar or an unfamiliar cage-mate
in either an AAALAC-compliant (12 days) or ETS-123-compliant cage
(12 days). On occasion, extraneous stressors were introduced (e.g. an
unfamiliar staff) to determine the response to spontaneous stressors.
Ventilation in the room was adjusted from 6 to 12 air changes per hour
with continuous monitoring of air quality (ammonium, CO2 and total
particle) Results and Discussion: quantitative electroencephalography
(qEEG) suggested that single-housed animals displayed higher levels
of anxiety biomarkers throughout the experiment with progressive
adaptation to the isolated state. Pair-housed animals showed signs of
decreased stress/anxiety with the presence of a familiar cagemate. Signs
of separation anxiety were noted when animals were separated after a
social housing period of more than 2 months but no signs of separation
anxiety were noted when animals were socially housed for 4 days prior
to individual housing. An unfamiliar cagemate was associated with variable results as some animals showed an initial increase in biomarkers
of anxiety and stress while others presented reduced stress with an
unknown cagemate. Our results suggest that qEEG can be used to evaluate wellbeing in cynomolgus monkeys.

Induced Pluripotent Stem Cells and Screening
for Chemicals with Adverse Vascular Effects

E. H. Nguyen, W. T. Daly, A. Saghiri, D. L. Fisk, W. L. Murphy, C. M.
Sorenson, and N. Sheibani. University of Wisconsin-Madison,
Madison, WI.
We describe in-vitro neurovascular unit models developed for use in
high-throughput screening arrays for adverse responses to various
chemicals. These models recapitulate functionality and communication
between endothelial cells and supporting cell types. They are composed
of endothelial cells and astrocytes derived from induced pluripotent
stem cells (Cellular Dynamics International), and pericytes derived from
the brain (ScienCell Labs). The endothelial cells, astrocytes, and pericytes were seeded onto synthetic poly (ethylene glycol) (PEG) hydrogels
that were customized with appropriate stiffness and integrin-binding
peptide presentation to enable vascular network formation. Similarly,
endothelial cells, astrocytes, and pericytes were suspended and encapsulated in PEG hydrogels that were designed to mediate matrix metalloprotease mediated migration and support vascular network formation. On the surface of PEG hydrogels exposure to Sunitnib Malate, a
known inhibitor of VEGF signaling or high glucose levels representative
of diabetic hyperglycemia, led to reduction in total area of the vascular
networks, changes in network organization, and decreased association
of astrocytes and pericytes with endothelial cells of the neurovascular
network. Exposure of encapsulated networks to Sunitinib Malate and
high glucose impacted the integrity of the networks and association
between endothelial cells and supporting cell types. Both models displayed expected responses to vascular disrupting agents, and we aim
to utilize them, along with specific end point measurements, to explore
adverse responses to environmental chemicals via high throughput
experimentation. Identification of agents with adverse effects on the
neurovascular unit may have significant clinical importance for treatment of eye diseases with a neovascular component.

Nephrotoxicity

S. H. Garrett, S. Somji, A. Slusser-Nore, and D. A. Sens. University
of North Dakota, Grand Forks, ND.
The proximal tubules of the kidney are well known as a target site of
heavy metal-induced toxicity, and of the heavy metals, cadmium is
known to commonly accumulate in these cells, potentially leading to
cadmium-induced adverse renal effects. To decipher the mechanism
of cadmium-induced damage, it is necessary to establish good in vitro
model cell systems to enable the application of sophisticated molecular techniques. Mortal cultures of proximal tubule cells isolated from
human kidney have served as the gold standard for in vitro cell models,
but are complicated to acquire, do not lend themselves to stable transfection and are difficult to transform with carcinogens. These cells have
served as a useful model to explore cadmium-induced effects through
the assessment of the metallothionein genes and their respective
protein responses as well as the assessment global gene expression in
the presence of short- and long-term exposure to this metal. The HK-2
cell line, immortalized through the expression of the E6 and E7 papilloma virus, has served as a model of human renal proximal tubule cells
for many years but is compromised due to the inability to exhibit vectorial active transport and shows signs of lost epithelial character such
as the high expression of N-cadherin and a very low level of E-cadherin.
Recently a new cell line was established from the over-expression of
telomerase, RPTEC/TERT1, and is beginning to be utilized as a renal proximal tubule cell line. It does exhibit vectorial active transport, similar to
that observed in HPT cells. We have assessed the global gene expression
of this cell line in comparison to other renal epithelial cell preparations,
many being original isolates of renal epithelial cells, to establish this new
cell line as an acceptable model of renal proximal cells in culture. The
line RPTEC/TERT1 was by far the closest match in global gene expression
to cultures of human renal epithelial cells.

3217 Genetic Variability in a Frozen Batch of MCF-7
Cells Invisible in Routine Authentication
Affecting Cell Function

A. Kleensang4, M. M. Vantangoli2, S. Odwin-DaCosta4, M. E.
Andersen5, K. Boekelheide2, M. Bouhifd4, A. J. Fornace3, H.-H. Li3,
C. B. Livi1, S. Madnick2, A. Maertens4, M. Rosenberg1, J. D. Yager4, L.
Zhao4, and T. Hartung4,6,. 1Agilent Technologies, Inc., Santa Clara,
CA; 2Brown University, Providence, RI; 3Georgetown University,
Washington, DC; 4Johns Hopkins University, Baltimore, MD; 5The
Hamner Institutes for Health Sciences, Research Triangle Park, NC;
and 6University of Konstanz, Konstanz, Germany.
Common recommendations for cell line authentication, annotation
and quality control fall short addressing genetic heterogeneity. Within
the Human Toxome Project, we demonstrate that there can be marked
cellular and phenotypic heterogeneity in a single batch of the human
breast adenocarcinoma cell line MCF-7 obtained directly from a cell bank
that are invisible with the usual cell authentication by short tandem
repeat (STR) markers. STR profiling just fulfills the purpose of authentication testing, which is to detect significant cross-contamination and
cell line misidentification. Heterogeneity needs to be examined using
additional methods. This heterogeneity can have serious consequences
for reproducibility of experiments as shown by morphology, estrogenic
growth dose-response, whole genome gene expression and untargeted
mass-spectroscopy metabolomics for MCF-7 cells. Using Comparative
Genomic Hybridization (CGH), differences were traced back to genetic
heterogeneity already in the cells from the original frozen vials from the
same ATCC lot, however, STR markers did not differ from ATCC reference for any sample. These findings underscore the need for additional
quality assurance in Good Cell Culture Practice and cell characterization,
especially using other methods such as CGH to reveal possible genomic
heterogeneity and genetic drifts within cell lines.

3218 The Use of Synthetic Extracellular Matrix

Hydrogels for Developing 3D Human
Organotypic In Vitro Assays for Screening of
Environmental Toxins, Drug Discovery, and
Modelling Disease Progression

W. T. Daly, E. Nguyen, G. Kaushik, M. Livingston, J. Phillips, and W.
Murphy. University of Wisconsin - Madison, Madison, WI.
Screening of chemical compounds in drug discovery and toxin
screening are overly reliant on animal models and in vitro assays, consisting of animal derived cells and animal-derived components, which
regularly fail to predict the human biological response. In order to better
predict the pharmacological and toxicological response in humans
there is a need for development of improved organotypic models using
human cells (e.g. primary and stem cell derived) and xenofree components. Current organotypic models are heavily reliant on natural extracellular matrix (ECM) components that are derived from animal tissues,
which contain a number of potentially confounding factors and show
high variation from lot-to-lot and experiment-to-experiment making
them unattractive for high throughput screening efforts. Matrigel, for
example, shows an astounding variation in the number of proteins
presence within its matrix, but is used in all aspects of human primary
and induced pluripotent derived stem cell culture. Here we use synthetic ECM hydrogels to create well-defined, reproducible and individually tailored organotypic cell culture models for a broad number
of applications. These hydrogels allow defined control over adhesion
ligand presentation, matrix stiffness, degradability as well as the ability
to locally sequester growth factors within the hydrogel. Using automated liquid-handling methods and high content imaging analysis,
individual components of these hydrogels were systematically varied
in enhanced throughput arrays to tailor the hydrogel to the cell type
of interest. Hydrogels were tailored for a number of model systems
including a vascular network formation assay, and a neurovascular
unit, breast cancer mammary duct, a photoreceptor enrichment model.
Organotypic models generated in the synthetic ECMs demonstrated distinct advantages over their natural ECM counterparts. These included
an increased sensitivity and accuracy to environmental toxins (US EPA
Toxcast Library), enrichment of targeted cell populations (photoreceptor enrichment) and a reduction of variation within the organotypic
model systems.

3219 Microplate-Based 3D Culture System to Screen

for Gene: Environment Interactions That Cause
Orofacial Clefting

B. P. Johnson, R. Vitek, H. Chung, D. Fink, A. Xie, P. Geiger, W.
Murphy, D. J. Beebe, and R. Lipinski. University of Wisconsin Madison, Madison, WI.
Orofacial clefts (cleft lip/palate) are common birth defects. Blockage of
epithelial-mesenchymal Hedgehog (Hh) signaling during acute “critical
windows” in development results in reduced proliferation and tissue
deficiency leading to (OFCs). The Hh developmental adverse outcome
pathway is sensitive to both genetic polymorphisms and chemical modulation and is predicted to account for OFCs poorly defined etiology.
We hypothesize that a tractable screening-based approach will enable
the in vitro identification of Hh disrupting environmental chemicals,
particularly in the context of different genetic predispositions. To this
end, we created a microplate based 3D culture device which supports
an organotypic epithelial monolayer overlayed onto a 3D mesenchyme
and engineered for high content imaging. Microfluidic devices were cut
into commercial microtiter plates (48 and 96 well) a CNC mill. To engineer tissues, O9-1 neural crest mesenchymal cells were embedded in gel
ranging from 0.75 to 4.5% Collagen1. GMSM-K epithelial cells (Hh&GFP+
or RFP+) overlaid gels forming the ectoderm. Microtissue collapse, cell
volume, proliferation and cellular outgrowth were scored and qRT-PCR
was used to quantify gene expression. We found that increasing from
0.75 to 4.5% Collagen 1 prevented microtissue collapse (median survival
of 3 days for 0.75% Collagen 1 to 5 days with 2.25% to 4.5%), media flow
(5ul/hr) further prevented collapse past 7 days. Cultures are Hh inducible
and show over 90% viability, proliferation via Ki-67 staining and show
active tissue outgrowth. Our novel microphysiological culture model
therefore recapitulates the molecular, cellular and tissue level sequence
of normal lip/palate development. Future studies will test responsiveness of the model to genetic perturbation of known susceptibility genes
and xenobiotice antagonists. The ultimate goal is to develop preventative strategies through identification of at-risk patient populations
and culpable environmental agents bringing widespread translational
potential for improving human health.
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3216 In Vitro Models of Proximal Tubule Cadmium

3220 Kinetic Hepatotoxicity Testing Using iPSCDerived Hepatocytes HC2.0 Cells

C. Jin1, D. Santa Ana1, Y. Abassi1, D. Mann2, and A. Blake2.
1ACEA Biosciences, Inc, San Diego, CA; and 2Cellular Dynamics
International, Madison, WI.
In vitro hepatotoxicity testing is hindered by the lack of 1) in vitro model
systems with long lasting hepatocyte characteristics such as high metabolic activities and transporter activities; and 2) technologies to accommodate efficient use of such model systems for potency and mechanistic
study. We report a novel system for hepatotoxicity testing integrating
human iPSC derived hepatocyte HC2.0 with impedance based Real Time
Cell Analysis (RTCA) technology. HC2.0 cells were seeded in 96 well electronic microtiter plates and monitored on RTCA instrument once every
hour for 3 weeks, including 1 week for seeding and maturation, and 2
weeks for testing. Distinctive kinetic response profiles were observed
from hepatotoxic compounds such as amiodarone, chlorpromazine
and troglitazone, suggesting different toxicity pathways. P450 inhibitors such as ketoconazole and 1-aminobenzotriazole decreased toxicity
from bioactivated compounds such as aflatoxin b1 and cyclophosphamide. Cellular redox modulators DL-buthionine-(S,R)-sulfoximine and
N-acetylcysteine altered acetaminophen toxicity. These demonstrate
HC2.0 cells preserve the metabolic activity and regulation networks.
The collected media during the repeated dosing testing were used for
complement analysis including LDH release, albumin analysis and urea
analysis. As RTCA technology is label free and non-invasive, hepatocytes
can be further analyzed with other end point assays. In addition, reproducibility of the testing system proved acceptable based on comparable
IC50 values obtained from independent RTCA experiments repeated
near one year apart. These IC50 values are also in the same range as those
obtained using primary human hepatocytes and end point assays with
similar exposure time. Altogether, compared to other in vitro tests, this
novel system presents the following advantages: 1) unlimited and consistent supply of metabolically active hepatocytes with extended life
derived from human iPSC cells; 2) kinetic response profiles which help
to predict not only testing compounds potencies, but also potential signaling pathways; 3) label free and non-invasive RTCA detection makes
it possible to multiplex with other assays for more in depth mechanistic
study.
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Flow Cytometric Assay for the Assessment of
Cytotoxicity and Apoptosis

J. C. Bemis, D. Bernacki, S. Bryce, and S. Dertinger. Litron
Laboratories, Rochester, NY.
The use of a one step, add-and-read method that simultaneously lyses
cells and labels nuclei for flow cytometric analysis for determination of
genotoxic mode of action has been established in this laboratory. As
an extension of this methodology we explored the application of the
so-called MultiFlow method to other endpoints of toxicological interest
including cytotoxicity and apoptosis. To explore these processes we
treated human TK6 lymphoblastoid cells with various cytotoxic/genotoxic agents and monitored them for alterations in the apoptosis marker
Cleaved PARP and cell proliferation as indicated by an absolute bead
count. These MultiFlow-based endpoints were compared to other commercially-available methods utilizing Caspase-targeted techniques or an
ATP-based viability assay. TK6 cells treated with CCCP or thapsigargin
showed dose-dependent reductions in viability that were equivalent Pearson correlation coefficients ranged from 0.96-0.99 - across the beadbased MultiFlow approach when compared to a luminescent viability
assay. Similarly, profiles of induction of cleaved PARP paralleled those
obtained by both a luminescent Caspase3/7 assay (Pearson correlation
coefficients 0.96-0.98). Studies using CCCP- and camptothecin-treated
TK6 cells revealed excellent correlations (Pearson correlations coefficients 0.99) between Cleaved PARP and activated Caspase 3 when both
endpoints were examined using the MultiFlow approach. Finally kinetic
studies using the cytotoxic agent camptothecin showed both time and
dose-dependent alterations in apoptosis and cytotoxicity using the high
throughput/high content MultiFlow approach. These studies establish the proof-of-concept for an efficient, multiplexed methodology
to provide information on cell death and related processes. Follow-up
experiments will include the examination of additional cytotoxic agents
with various mechanisms of action to broaden the applicability of the
approach, as well as an examination of other cell lines and endpoints
related to toxicant-induced damage and cell death.

3222 Is There Hope to Correctly Classify Severe Ocular
Irritant Agrochemical Formulations Using In
Vitro Methods? A Proof of Concept Using the
Isolated Chicken Eye Test, Two Modified BCOP
Protocols, and an Epiocular ET50 Protocol

S. N. Kolle, B. van Ravenzwaay, and R. Landsiedel. BASF SE,
Ludwigshafen am Rhein, Germany.
While some in vitro methods addressing ocular irritancy have gained
regulatory acceptance, to date the Draize rabbit eye test (OECD TG 405)
is the only worldwide regulatory-accepted test for the determination
of the full range of eye irritation potential. Further although several
in vitro methods for the severe eye irritation have gained regulatory
acceptance, agrochemical formulations are nor explicitly included nor
excluded from the applicability domain to predict severe ocular irritant
formulations. Systematic analyses are only available for e.g. the hen’s
egg test- chorioallantoic membrane (HET-CAM), and bovine corneal
opacity and permeability (BCOP, OECD TG 437) assays both showing
that the used protocols do not provide sufficient sensitivity to reliably
predict severe ocular irritating formulations. The purpose of this study
was to evaluate whether the regulatory accepted isolated chicken eye
(ICE, OECD TG 438) test including corneal histopathology (as suggested
for evaluation of the depth of injury), as well two modified protocols of
the BCOP and/or an ET50 (exposure time reducing viability of treated
tissue to 50%) protocol using the reconstructed cornea model EpiOcular
are useful to predict severe ocular irritant agrochemical formulations. A
proof of concept comprising the testing of ten to twelve agrochemical
formulations with available in vivo data in each assay was conducted. In
summary, based on the ICE evaluation described in OECD TG 438, one of
the five severe ocular irritant formulations (UN GHS Cat 1) was predicted
correctly. Using both modified protocol versions of the BCOP the result
for one of the four tested UN GHS Cat 1 formulations was just above
the UN GHS Cat 1 classification border for using one of the modified
protocols. Lastly and most promising, the EpiOcular ET50 predicted four
of five tested UN GHS formulations correctly with the fifths being close
to the classification border. Additional agrochemical formulations will
be tested to further evaluated the EpiOcular ET50 protocol to identify
severe ocular irritant agrochemical formulations.

3223 Diversity in a Dish: A Population-Based
Organotypic Human In Vitro Model for
Cardiotoxicity Testing

F. A. Grimm3, W. Chiu3, N. H. Hsieh3, C. Dalaijamts3, S. Burnett3, B.
Anson1, A. Wright3, F. Wright2, and I. Rusyn3. 1Cellular Dynamics
International, Madison, WI; 2North Carolina State University,
Raleigh, NC; and 3Texas A&M University, College Station, TX.
The implementation of organotypic culture models in human health
safety assessments is impeded by the lack of multidimensional highthroughput testing strategies that are amenable for (1) providing
chemical-specific uncertainty factors for estimation of inter-individual
susceptibilities to adverse chemical effects and (2) for extrapolation of
in vitro-derived dose-response relationships to physiologically-relevant
exposure levels. We previously demonstrated the feasibility of combinatorial in vitro/ in silico screening approaches for functional and mechanistic cardiotoxicity profiling in human induced pluripotent stem cell
(iPSC)-derived cardiomyocytes, thereby prompting the hypothesis that
a population-based in vitro cardiotoxicity model is a viable option for
translatable chemical hazard assessment that is amenable for data-integrative in vitro-to-human in vivo extrapolation. Thus, we exposed
cardiomyocytes derived from 30 “healthy” donors to more than 100
chemicals representing a broad range of toxicologically relevant compound classes, i.e. drugs and environmental chemicals, including pharmaceuticals with known human cardiophysiological dose-response
profiles, allowing direct extrapolation or model-derived prediction of
human cardiotoxic effects. Cells were exposed to test chemicals in concentration-response covering nanomolar and micromolar concentration ranges, selected to be representative of human Cmax range (where
available) for 90 min and 24 hrs. Kinetic Ca2+ flux measurements and
high-content live cell imaging revealed chemical class-specific effects
on cardiomyocyte contractility and cellular/ mitochondrial toxicity.
Variation in phenotypic responses to chemical treatments indicated
biologically-relevant, inter-individual variability to chemical exposure.
Likewise, untreated iPSC cardiomyocytes exhibited donor cell-specific
differences in cardiophysiologic performance. Altogether, this work is
pioneering the “diversity in a dish” concept through the use of organotypic cell culture models for human health safety assessments.

Major UDP-Glucuronosyltransferase (UGT)
Activities in Intact Cells: Application to Primary
Human Hepatocytes, Hepatocellular Cell Lines
HepG2, and HepaRG and Stem Cell (hiPS)Derived Hepatocytes

S. den Braver-Sewradj1, M. W. den Braver1, A. Baze2, J. N.
Commandeur1, N. P. Vermeulen1, L. Richert2,3,, and J. C.
Vos1. 1AIMMS-Division of Molecular Toxicology, VU University
Amsterdam, Netherlands; 2KaLy-Cell, Plobsheim, France; and
3Univ. Bourgogne Franche-Comté, PEPITE EA4267, Besançon,
France.
With the continues development of primary human hepatocyte (PHH)
cultures and the emergence of new cellular models, such as stem
cell-derived hepatocytes and 3D cultures, new information is obtained
on effects of drugs on hepatocellular function or liver toxicity at the
cellular level. We recently reported that culture conditions have a profound effect on expression and activity of metabolic enzymes in PHHs
(den Braver-Sewradj et al., TIV 33:71-79, 2016). Additional variation is
due to variability between donors (PHHs) or background of the cells
(cell lines and stem-cell derived hepatocytes). As drug metabolism can
significantly alter the outcome of an assay, e.g. toxicity or upregulation
of genes, it should be taken into account for interpretation of results.
UDP-glucuronosyltransferase (UGT) enzymes account for elimination of
40-75% of xenobiotics in the human body and the current work describes
the development of a sensitive assay to phenotype UGT activity of the
six major hepatic UGT isoforms: UGT1A1, UGT1A3, UGT1A4, UGT1A6,
UGT1A9 and UGT2B7. For five donors, the activity of these six major
isoforms of UGT enzymes along with six major cytochrome P450s (P450)
isoforms routinely used for P450 phenotyping in PHHs cultures and
suspensions are compared with human liver microsomes (HLM) from
the same donor. A high correlation in donor variation is found between
cells and HLM, indicating that phenotyping studies using intact cells
accurately reflect UGT and P450 activity. Next, the assay was used to
characterize UGT and P450 activity in hepatocellular cell lines HepG2
and HepaRG, in stem cell (hiPs)-derived hepatocytes and in PHH in 3D
culture. The combination of both P450 and UGT activity assays will cover
metabolism of over 90% of marketed drugs. With the assay developed,
UGT activity in a small number of intact cells can be characterized routinely, similar to P450 activity, which facilitates interpretation of results
when comparing toxicity in various cellular systems.

3225 Linking Histopathological Observations with

Drug Metabolism and Distribution by MatrixAssisted Laser Desorption Ionization Mass
Spectrometry Imaging

S. Schadt1, A. Brink1, B. Steinhuber1, B. Lenz1, Bör. Jacobsen1, P.
Maliver1, T. Singer1, M. Albassam2, F. Schuler1, and C. Funk1. 1F.
Hoffmann-La Roche Ltd, Basel, Switzerland; and 2F. Hoffmann-La
Roche Ltd, New York, NJ.
Mass spectrometry imaging (MSI) is a powerful tool to investigate the
localization of molecules in biological tissues. Investigating the distribution of drugs and metabolites is important to mechanistically
understand toxicological effects and ADME-related questions. In particular for organs like the eye, MSI is superior to traditional methods
like tissue dissection and homogenization because of the difficulty
to accurately dissect eyes into distinct tissues. Here, we present case
studies where MALDI-Fourier transform ion cyclotron mass spectrometry (MALDI-FTICR MS) imaging was applied to support the interpretation and understanding of findings in toxicity studies. MALDI-FTICRMS
analysis was performed after application of α-cyano-4-hydroxycinnamic
acid (CHCA, 10mg/mL, ACN/H20/TFA, 50/50/0.1, v/v/v) to tissue slices
using an iMatrixSpray sprayer in 4 spraying cycles (5µL/cm2/cycle). The
tissue samples were analyzed on a 7 Tesla SolariX XR FTICRMS instrument equipped with a MALDI source (Bruker Bremen, Germany). Ions
were detected in positive ionization mode over a mass range of m/z
150-3000 with a lateral resolution of 50 μm. MS images were generated
and data was analyzed using flexImaging 4.0 software, Data Analysis
4.3 software and SCiLS lab software (Bruker Bremen, Germany). The
examples presented include the application of MALDI-FTICRMS imaging
to rat eyes to investigate the distribution of drug and metabolites in
spatial relationship to histopathology findings. Further, the investigations of 4 compounds showing drug-induced crystal nephropathy in rat
or monkey are presented, where MS imaging was used to elucidate the
molecular composition of the crystals and co-localization with either
the parent drug compound and/or metabolite(s). The data presented
illustrate that MALDI MS imaging is an efficient technique to connect
histopathological observations with molecular drug-related information
directly applied to tissue sections. This information could support risk
assessment, risk mitigation, and de-risking activities.

3226 Excitatory Pharmacology Induces Seizurogenic
Phenotypes in iPSC-Derived Neuronal Cultures
In Vitro

K. H. Kim, C. Carlson, T. Feaster, C. Kannemeier, B. Swanson,
B. Anson, and K. P. Mangan. Cellular Dynamics International,
Madison, WI. Sponsor: C. Strock.
65 million individuals suffer from epilepsy and one-third of these live
with uncontrollable seizures because no known effective treatments
are available. Epilepsy is a disturbance in the electrical activity of the
brain manifested via countless etiologies including genetic origins,
head trauma, stroke, metabolic disturbances, and in some cases, prescription medications. Some ‘regular’ prescription medications, which
treat blood pressure, bladder infections, pain, sleep, weight loss, as well
as medications for ADHD, psychiatric disorders, Parkinson’s Disease
and other dementias, are on occasion, known to display seizurogenic
potential. Furthermore, and unfortunately, the likelihood of being diagnosed with epilepsy after suffering just one ‘first time seizure’ is roughly
50%. It is crucial for prescription medications to first be screened for
any ‘seizurogenic potential’ before being openly offered to the general
public. Central to this vision is induced pluripotent stem cell (iPSC)
technology, which provides a human cell-based platform to expand
our understanding of how pharmacology affects the human condition.
We have produced human neuronal populations from iPSC that, when
combined with micro-electrode array (MEA) technology, advances and
provides unparalleled investigation into how pharmacology affects
human neuron-networked activity. Excitatory populations of iPSC-derived cortical neurons (e.g. iCell GlutaNeurons) develop and display
network-level coordinated neuronal activity in vitro, evident by synchronized bursts captured and measured via MEA. Assay optimization
dictates best practice timelines for ‘seizurogenic potential’ screening
occurs between DIV20-23, post-thaw. Excitatory pharmacology that displays dose-dependent seizurogenic-effects include picrotoxin [0.3-100
µM], GABAzine [1-100 µM], bicuculline [4-400 µM], pentylenetetrazol [7
µM-2 mM], 4-aminopyridine [1.6-50 µM], and kainic acid [0.4-300 µM].
Activity metrics displaying dose-dependent changes with pharmacology include: mean firing rate, ‘single-channel’ burst rate, intensity
and duration, ‘network-level’ burst rate, intensity and duration, and synchrony measures. The presented data illustrate and marry the “seizurein-a-dish” technology, previously limited to rodent-only investigation,
with human iPSC-technology to create an unprecedented investigatory
space for drug screening.
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Mercer, R R ���������������������� 2390, 2721, 2901
Merchant, M ������������������������������� 1114, 2992
Meredith, K ��������������������������������������������� 1937
Merg, C ����������������������������������������� 2772, 3147
Merilis, G ������������������������������������������������ 1907*
Merlot, C �������������������������������������������������� 2810
Merolla, L ����������������������������������������������� 1199*
Merrick, A ������������������������������������ 1590, 2228
Merrick, B A ������������������������������ 2503*, 3205
Merrifield, R C ���������������������������������������� 1539
Merrill, E A ����������������������������������������������� 3190
Merrill, S J ����������������������������������������������� 2902
Mesaros, C ���������������������������������� 1066, 2426
Mesas, A E ���������������������������������������������� 2093
Meschter, C �������������������������������������������� 2382
Mesev, E ��������������������������������������������������� 1744
Mesquita, B �������������������������������������������� 2888
Messner, S �������������������� 1253*, 1651, 2763*
Mestres-Villanueva, M A ����������������� 2875*
Mettetal, J ����������������������������������������������� 3197
Mettu, V S ����������������������������������������������� 2237
Metwali, A ����������������������������������������������� 2441
Metwali, N ��������������������������������������������� 2441*
Meyer, B ��������������������������������������������������� 1766
Meyer, D ������������������������������������������������� 2211*
Meyer, D N ��������������������������������������������� 2209
Meyer, J ��������������������������������������� 1640, 2227
Meyer, S A ����������������������������������������������� 2592
Meyers, J ������������������������������������������������ 1963*
Mezei, G ��������������������������������������������������� 1291
Mi, K ����������������������������������������������������������� 1366
Miao, W ���������������������������������������������������� 1996
Michael, A ����������������������������������������������� 2024
Michael, S F ��������������������������������������������� 1759
Michael, W G ������������������������������������������ 1318
Michalovicz, L T ���������� 1725, 1746, 2295*
Michelotti, G ������������������������������������������ 2537
Michna, L ������������������������������������������������ 2686

Mickelson, B ������������������������������������������� 1723
Middleton, F A ��������������������������� 1299, 2860
Mielke, H ������������������������������������������������ 1795*
Mi-Go, Y �������������������������������������������������� 2338
Mikamura, Y ������������������������������������������ 2685
Miklasevich, M �������������������������������������� 1857
Mikuska, P ����������������������������������������������� 1316
Milanez, S ���������������������������������������������� 1837*
Milano, J ������������������������������������������������ 2996*
Milasova, T ���������������������������������������������� 1526
Milchak, L ����������������������������������������������� 2947
Milchak, L M ������������������������������� 2736, 3152
Miller, C ���������������������������������������� 1994, 2136
Miller, C N ����������������������������������������������� 1064
Miller, D ���������������������������������������������������� 1065
Miller, D B ������������������������������������ 1725, 1746
Miller, D H ����������������������������������������������� 2828
Miller, E ��������������������������������������� 1886*, 2829
Miller, G W �������������������������������� 2065, 2629*
Miller, J V ������������ 1725, 1746*, 2076, 2995
Miller, L ����������������������������������������������������� 1233
Miller, M ������������������������������������������������� 1103*
Miller, M M ��������������������������������������������� 2788
Miller, P E ������������������������������������� 1455, 1661
Miller, T R ������������������������������������������������� 2859
Miller, V ���������������������������������������������������� 3205
Miller-Degraff, L ����������������������������������� 2713
Mills, K ����������������������������������������������������� 2549
Mills, L J �������������������������������������������������� 2861*
Milne, S B ������������������������������������������������� 3202
Mima, S ���������������������������������������������������� 2678
Minarchick, V C ����������������������������������� 1333*
Minchala, S G �������������������������������������� 2997*
Mine, T ����������������������������������������� 2682, 2685
Minet, E �������������������������������������������������� 1461*
Mingoia, R �������������������������������������������� 2238*
Minnery, J ������������������������������������������������ 2167
Miousse, I ������������������������������������������������ 2581
Miranda, K �������������������������������������������� 2993*
Miranda-Vizuete, A ����������������������������� 1132
Miron, Y ���������������������������������������������������� 1661
Mirowsky, J ������������������������������������������� 2439*
Mirsalis, J C ��������������������������������� 1676, 2008
Miruka, J �������������������������������������������������� 2859
Misek, I ����������������������������������������������������� 1316
Misenheimer, J �������������������������������������� 1796
Mishin, V ������������������������������������ 1484*, 2101
Mishra, A �������������������������������������� 2154, 2895
Mishra, P K ���������������������������������������������� 2750
Mishra, R ����������������������������������������������� 3032*
Misner, D ������������������������������������������������� 2763
Misovic, B ������������������������������������������������ 2261
Mistry, P ��������������������������������������������������� 1260
Mitchell, C ����������������������������������������������� 1531
Mitchell, C A ������������������������������������������ 2901
Mitchell, K A ����������������������������������������� 1173*
Mitchell, V K �������������������������������������������� 2454
Mitkus, R ������������������������������������������������� 2656
Mitra, S ����������������������������������������������������� 1978
Mitrut, P �������������������������������������������������� 2545
Mitrut, R �������������������������������������������������� 2545
Mittal, L ���������������������������������������������������� 1308
Mittelstadt, S ����������������������������������������� 1245
Mittelstaedt, R ��������������������������������������� 1528
Miura, N ������������������������������������������������� 1317*
Miyamoto, H ����������������������������������������� 2509
Miyamoto, K ������������������������������������������ 2086
Miyawaki, I ���������������������������������� 1770, 2964
Miyazawa, M ������������������������������ 2738, 2741
Mizumachi, H ����������������������������� 2738, 2741
Mizuta, Y �������������������������������������� 2249, 2250
Mo, Y �������������������������������������������������������� 2898
Moddrelle, D ����������������������������������������� 3052
Moerman, C �������������������������������������������� 2173
Moeser, M ���������������������������������������������� 3208
Moffett, M ����������������������������������������������� 1736
Moffit, J ������������������������������������������������� 1006*
Mogi, M ���������������������������������������������������� 2100
Mogyorosi, K ������������������������������������������ 1258
Mohammad Alizadeh, A ������������������� 2555
Mohammadi, M ������������������������������������ 1812
Mohammed, A K ��������������������� 2386*, 2403
Mohanan, S ����������������������������������������� 2299*
Mohankumar, K ������������������������������������ 1157
Molacci, L ������������������������������������������������ 2811
Moland, C ������������������������������������������������ 3041
Moland, C L ��������������������������������������������� 2016
Molignano, J ������������������������������������������ 3147

Möller, F J ������������������������������������������������ 1107
Moller, P ������������������������������������������������� 2365*
Mollerup, S ��������������������������������������������� 2458
Monks, T J ����������������������� 1160, 1934, 2544
Monnot, A ��������������������������������� 2142, 2950*
Monnot, A D ������������������������������������������� 2576
Monroy-Licht, A F ����������������������������� 2850*
Monsees, T K ������������������������������������������ 1182
Monteiro Abreu, C ������������������������������� 1760
Monteiro-Riviere, N A ������������ 1537, 2281
Montenegro, P �������������������������������������� 1420
Monticello, T ���������������������������� 1593, 2324*
Montoro Bustos, AR..............................1313
Moore, B �������������������������������������������������� 2593
Moore, E �������������������������������������������������� 2388
Moore, E L ����������������������������������������������� 2423
Moore, J ��������������������������������������������������� 1682
Moore, M ������������������������������������������������� 1527
Moore, M J ���������������������������������������������� 1414
Moore, M M ������������������������������������������� 2269
Moore, N H ���������������������������������� 1282, 1287
Moore, S A ������������������������������� 2388*, 2423*
Moores, S ����������������������������������������������� 1708*
Moorthy, B ��������������������������������� 1475, 1481,
1485, 1486*, 1946, 2240, 2392
Moos, R K ������������������������������������������������� 1077
Mora, F ����������������������������������������������������� 1483
Morales, J ��������������������������������������������� 2845*
Moran, D �������������������������������������������������� 1870
Mora Zamorano, F X ������������������������ 2884*
Moreau, M ���������������������������������� 3177, 3178*
Morefield, S �������������������������������������������� 2935
Morel, L M ���������������������������������������������� 1908
Moreno, S ����������������������������������������������� 2704
Morford, L L ������������������������������������������ 2356*
Morgan, D ����������������������������������������������� 2430
Morgan, D L ����������������������������� 2442b, 2399
Morgan, D S ������������������������������������������� 2407
Morgan, M �������������������������������� 1106, 2785*
Mori, C ��������������������������������������������������� 2230*
Mori, K ������������������������������������������������������ 1997
Mori, T ������������������������������������������������������� 2100
Moriguchi, H ������������������������������������������ 1653
Morikawa, T �������������������������������������������� 2249
Morikawa, Y �������������������������������� 2484, 2516
Morita, K �������������������������������������� 1754, 2903
Morlacci, L ����������������������������������������������� 2812
Morpugo, B �������������������������������������������� 1945
Morrens, B ����������������������������������������������� 1302
Morris, A ��������������������������������������� 1741, 2037
Morris, J ������������������������������������������������� 1110*
Morris, M ������������������������� 1725, 3054, 3055
Morris, N J ����������������������������������������������� 1631
Morrison, R D ����������������������������������������� 3202
Morris-Schaffer, K B ��������������������������� 2636*
Morse, M �������������������������������������������������� 1719
Mortensen, H ��������������������������� 1367*, 2897
Mortimer, R ��������������������������������������������� 1055
Morton, C A �������������������������������������������� 1631
Morton, X ����������������������������������������������� 3052
Mortuza, T ��������������������������������������������� 2665*
Mosedale, M ������������������ 1999, 2511, 2518*
Moser, V C ����������������������������������������������� 2879
Moses, M A ������������������������������������������� 1087*
Moskal, T J ���������������������������������������������� 2577
Mostafaei, F �������������������������������������������� 2132
Mostofa, A ��������������������������������������������� 2021*
Mostovenko, E ������������������������������������� 1911*
Mostrag, A �������������������������������� 1250, 1251*
Mote, R S ������������������������������������������������� 2580
Moto, T P ����������������������������������� 2280*, 3187
Motohashi, Y ���������������������������� 2682*, 2685
Motomura, E ������������������������������������������ 2100
Mouch, J A ���������������������������������� 2076, 2995
Moulton, M C ����������������������������������������� 1737
Moy, L Y ���������������������������������������������������� 2975
Moyano, P ��������������������������������� 1148, 2653*
Moyer, R A ���������������������������������������������� 2046
Muders, M H ������������������������������������������ 2599
Mueller, L ����������������������������������������������� 1768*
Muhumuza, L ����������������������������������������� 1708
Mukerji, P ��������������������������������������������� 2587*
Mukherjee, S K ������������������������������������ 1721*
Mukherjee, S P ����������������������������������� 2708*
Mukhi, S ������������������������������������������������� 1876*
Muldoon, P P ����������������������������� 1911, 1927,
1928*, 2725
Mulier, B ��������������������������������������������������� 1832
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Mauzy, C ������������������������������������������������� 2000
Mawn, M ������������������������������������������������� 2239
May, T �������������������������������������������������������� 2771
Mayer, A M ������������������������������ 1981*, 2974*
Mayer, G D ����������������������������������������������� 2128
Mayer, J ���������������������������������������������������� 2974
Mayes, R S ����������������������������������������������� 1901
Maynor, T ������������������������������������������������ 1830
Mayo, M �������������������������������������������������� 2828
McAleer, C W ������������������� 1726, 3157, 3209
McArthur, A G ����������������������������� 1212, 1214
McBride, C ���������������������������������� 2226, 3037
McBride, C R ������������������������������������������� 2332
McCabe, J ����������������������������������������������� 2045
McCain, W ����������������������������������������������� 2120
McCandlish, E ��������������������������������������� 3020
McCarren, H ������������������������������������������ 2045
McCartney, M ��������������������������������������� 1440
McCawley, M ������������������������������������������ 2420
McClain, C ���������������������������������������������� 2525
McClanahan, M ������������������������������������� 1837
McClelland, R ���������������������������������������� 1440
McClure, C ����������������������������������������������� 1531
McClure, P ���������������������������������� 1116, 1130*
McCluskey, J ������������������� 2080, 2416, 3206
McCullough, R L �������������������������������� 2528*
McCullough, S ��������������������������������������� 2430
McCullough, S D ��������� 1020*, 1060, 2407
McDaniel, K L ����������������������������������������� 2879
McDaniel, R �������������������������������������������� 1677
McDiarmid, M ��������������������������� 2119*, 2126
McDonald, J D ���������������� 1625, 2461, 2717
McDonough, J �������������������������������������� 2045
McDonough, P ������������������������ 1427, 1444*
McDonough, P M ��������������������������������� 1109
McDougall, R ���������������������������������������� 1684
McDougall, R D ����������������������������������� 3189*
McDuffie, E ������������������������������������������� 2313*
McDuffie, J ���������������������������������������������� 1733
McDyre, C ����������������������������������������������� 2083
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Proença, S ����������������������������������������������� 1392
Proskura, E ���������������������������������������������� 1626
Prost, J-F �������������������������������������������������� 1695
Prough, R ������������������������������������� 1114, 2525
Prough, R A ���������������������� 1118, 1371, 2523
Prozialeck, W ���������������������������������������� 2089
Prueitt, R �������������������������������������������������� 2837
Prueitt, R L �������������������������������������������� 2824*
Pruett, S B ��������������������������������������������� 3003*
Prusevich, P �������������������������������������������� 2027
Prussia, A J �������������������� 1836, 2920*, 2933
Przygoda, R T ����������������������������������������� 2145
Pu, Y ��������������������������������������������� 1186, 2225*
Pucetti, N ������������������������������������������������ 2566
Puddick, J ������������������������������������������������ 1889
Puginier, M ��������������������������������������������� 2743
Pugsley, M ���������������������������������� 3046, 3047
Pulczinski, J �������������������������������������������� 2452
Pulliam, C F ��������������������������������� 1050, 1937
Punganuru, S R ������������������������������������� 1067
Puschner, B �������������������������������������������� 1906
Putnam, E ���������������������������������������������� 2414*
Putt, D A �������������������������������������� 2601, 2853
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Qi, C ���������������������������������������������������������� 2390
Qi, W ���������������������������������� 2651, 2655, 2661
Qian, H ����������������������������������������������������� 2803
Qian, L ������������������������������������������������������ 1307
Qian, Y ������������������������������������������ 1812, 2390
Qiao, L ����������������������������� 1931, 2775, 3036*
Qiao, X ������������������������������������������������������ 1774
Qin, C ������������������������������������������������������ 1053*
Qin, H ������������������������������������������������������� 2466
Qin, Q �������������������������������������������������������� 1654
Qiu, Y ���������������������������������������������� 1111, 2081
Qu, W ����������������������������������������������������� 2236*
Qu, Y ���������������������������������������������� 2237, 2535
Quantin, P ����������������������������������������������� 2747
Quatrano, C �������������������������������������������� 2014
Que, L G ��������������������������������������������������� 2437
Que Hee, S ���������������������������������������������� 1191
Quevedo, C ������������������������������� 2792*, 2793
Quick, C ���������������������������������������������������� 2581
Quigley, L ������������������������������������������������ 1805
Quiles, J M ���������������������������������������������� 2565

R
Ra, J-S �������������������������������������������������������� 2175
Raabe, H ��������������������������������������� 2745, 3147
Racine, C R ���������������������������������������������� 1810
Racz, P I ���������������������������������������� 2261, 2272
Radi, Z ������������������������������������������������������ 2977
Radisic, M ���������������������������������������������� 3123*
Rae, J M ���������������������������������������������������� 1077
Rager, J ��������������������������� 1575*, 2820, 2838
Rager, J E �������������������������������������������������� 2111
Raghavendra, A ������������������������������������ 1333
Rahim, T ��������������������������������������� 2734, 2752
Rahimi, M ������������������������������������������������ 2555
Rahimi, R �������������������������������������������������� 2787
Rahman, I �������������������� 1553*, 3131*, 3135*
Rahman, M M ����������������������������� 1890, 2851
Rai, M �������������������������������������������������������� 1513
Raimundo, R ������������������������������������������ 2329
Rainteau, D ��������������������������������������������� 3011
Rais, R ������������������������������������������������������� 2045
Raitano, G ����������������������������������������������� 2943
Rajagopalan, S �������������������������������������� 2421
Rajoria, R ����������������������������������������������� 2987*
Raju, M ������������������������������������������������������ 2452
Ralph, D ������������������������������������������������� 1086*
Ralston, S ���������������������������������������������� 2323*
Ramachandran, A ����������������������������� 2497*,
2508, 2522

Ramaiahgari, S ������������������������������������� 1242,
1590, 2603, 3069
Ramaiahgari, S C �������������������������������� 1589*
Ramakers, G M ������������������������������������� 3092
Ramanarayanan, T ������������������������������� 2379
Ramesh, A ���������������������������������������������� 1090
Ramhøj, L ���������������������������������������������� 2618*
Ramirez, F E ������������������������������������������ 1747*
Ramirez, J ����������������������������������������������� 2906
Ramirez, T ����������������������������������� 2660, 2781
Ramm, S ������������������������������������������������� 3197*
Ramos, E �������������������������������������������������� 2557
Ramos, E M ��������������������������������������������� 1306
Ramos, J D ��������������������������������������������� 1637*
Ramsey, J ������������������������������������� 2041, 2061
Rancourt, R C ���������������������������������������� 2069
Rand, M D ���������������������������������� 2094, 2095,
2096*, 2097*, 2104
Randeep, R �������������������������������������������� 2220
Randell, S H �������������������������������������������� 2716
Rani, V ������������������������������������������������������� 1818
Ranjan, A ������������������������������������� 2041, 2061
Rankin, G O ������������������������������������������� 1810*
Rao, G ������������������������������������������������������ 3127*
Rao, L �������������������������������������������� 2242, 3201
Rao, M S ������������������������������������������������� 1245*
Raphenya, A ������������������������������������������� 1214
Rapti, M ���������������������������������������������������� 1938
Rashid, A ��������������������������� 1381, 2918, 3163
Rashid, H �������������������������������������������������� 2975
Rashid, M ������������������������������������������������� 3032
Rasoulpour, R ���������������������������������������� 2412
Rasoulpour, R J ������������������������������������� 1229,
1377, 1604*, 1853
Rassool, F V �������������������������������������������� 2252
Rat, P ��������������������������������������������������������� 3018
Ratanji, K D �������������������������������������������� 1984
Ratchada, P ��������������������������������������������� 1661
Rath, M ����������������������������������������������������� 1089
Rathman, J ��������� 1250, 1251, 1378, 2943*
Rattan, S ������������������������������������������������ 1204*
Rattel, B �������������������������������������������������� 1564*
Raulli, R ����������������������������������������������������� 1625
Rauniyar, A ���������������������������������������������� 1939
Ravel, G �������������������������������������������������� 1232*
Ravenscroft, S ���������������������������� 1802, 2767
Ravenzwaay, B v �������������������������������� 3086*
Ray, A S ����������������������������������������������������� 1708
Ray, J L ���������������������������������������� 2520, 2679*
Ray, S D ��������������������������������������������������� 2411*
Raymond, J ��������������������������������������������� 1092
Raza, H ���������������������������������������������������� 1953*
Razack, A ������������������������������������������������� 1858
Razunguzwa, T T ���������������������������������� 1631
Reagan, B ������������������������������������������������ 2024
Reagan, W J ������������������������������������������� 2008
Reamon-Buettner, S M ��������� 2711*, 2726
Rebuli, M E ��������������������� 1918*, 1920, 1933
Recio, L ����������������������������� 1344, 1830, 2267
Reddick Schaefer, H �������������������������� 2821*
Redfern, W S ������������������������������������������� 1722
Reece, S W ��������������������������������� 1059*, 1063
Reed, J ������������������������������������������������������ 1350
Reed, K L ������������������������������������������������� 2400
Reed, L ������������������������������������������������������ 2024
Reeve, I ���������������������������������������������������� 2664
Refsnes, M ������������������������������������ 1517, 2447
Refsnes, M A ����������������������������������������� 1520*
Rehder Silinski, M A ���������������������������� 2483
Rehman, H �������������������������������������������� 1974*
Rehnberg, M ����������������������������������������� 2680
Reichardt, I M ��������������������������������������� 1142*
Reid, B ������������������������������������������������������� 2177
Reif, D M ��������������������������������������� 1363, 2630
Reifschneider, O ���������������������������������� 2284
Reilly, C A ������������������������������������� 2451, 2454
Reilly, M D ����������������������������������������������� 2514
Reinen, J ������������������������������������������������ 1712*
Reinsalu, L A ������������������������������������������� 3195
Reipa, V......................................................1313
Reisfeld, B ��������������������������������� 1341, 3188*
Reisinger, K �������������������������������������������� 2262
Rejmankova, E ��������������������������������������� 2859
Rellick, S �������������������������������������������������� 2226
Remy, S ����������������������������������������� 1302, 2020
Ren, H ������������������������������������������������������� 3149
Ren, J ������������������������������������������� 1654, 2552*
Ren, L ��������������������� 1244, 1274, 1453, 2916

Ren, X ��������� 1078, 1354, 1806, 1931, 2477
Ren, Z ������� 1359, 1360, 1435*, 1487, 2079
Renfro, J ��������������������������������������������������� 1751
Renfro, J L ������������������������������������������������ 2526
Renusch, S ���������������������������������������������� 2330
Renzetti, S ����������������������������������������������� 2435
Reo, N V ���������������������������������������� 1738, 3194
Resendiz, M �������������������������������������������� 1110
Revert, C �������������������������������������������������� 1891
Reyes, L E ������������������������������������������������� 1133
Reyes Chavez, G L �������������������������������� 1595
Rey Moreno, M C ��������������������������������� 2385
Reynolds, K R ����������������������������������������� 2411
Reynolds, M ����������������������������������������� 2083*
Reynolds, M F ��������������������������������������� 3022
Reynolds, S ��������������������������������������������� 1531
Reynolds, S H ���������������������������������������� 1096
Rhoderick, F ������������������������������������������� 2414
Rhodes, T ������������������������������������������������� 1674
Rhomberg, L ������������������������������������������ 2434
Rhomberg, L R ��������������������������������������� 1303
Riaz Ahmed, K B ������������������������������������ 2156
Ricci, A L �������������������������������������������������� 2329
Rice, A ������������������������������������������������������� 2713
Rice, J �������������������������������� 1242, 1590, 1633
Rice, J R �������������������������������������������������� 2603*
Rice, M ������������������������������������������������������ 1725
Rice, M W ����������������������������������������������� 1736*
Rice, P A ��������������������������������������������������� 2481
Richard, A ������������������������������������ 1387, 3068
Richard, J ������������������������������������������������� 1366
Richards, A C ����������������������������������������� 2490
Richards, J E �������� 1064, 1065, 2427, 2448
Richardson, J ������������������������������ 1764, 2873
Richardson, J R ������������������������������������� 1433,
1741, 2874, 2876, 3140*
Richardson, V ��������������������������������������� 1951*
Richarz, A ������������������������������������������������ 1395
Richarz, A N ����������������������������������������� 1869*
Richert, L �������������������������������� 2541b, 3224*
Richey, J �������������������������������������������������� 2404
Ricke, W A ������������������������������������������������ 1501
Rickman, C A ������������������������������������������ 1355
Rider, C V ������������������������������������� 1080, 1971
Riedel, T P ������������������������������������������������ 1125
Rielland, A ����������������������������������� 1877, 1878
Rietjens, I ������������������������������������������������ 1809
Rietjens, I M �������������������������������������������� 1208
Riffon, R ��������������������������������������������������� 2019
Riggs, D ��������������������������������������� 1905, 3048
Rigo, F ������������������������������������������������������ 3006
Rigo, V H �������������������������������������������������� 2697
Riitano, A ������������������������������������������������� 1935
Rijk, J C ��������������������������������������� 2195*, 2737
Rijkers, D �������������������������������������������������� 2532
Rilett, A ���������������������������������������������������� 2853
Riley, L ������������������������������������������������������� 2027
Rinaldi, R ������������������������ 2080, 2416, 3206*
Rindy, A ��������������������������������������������������� 2063
Rindy, A C ����������������������������������������������� 2042
Rines, D R ������������������������������������������������� 1109
Ring, C ����������������������������������������� 2111*, 3183
Ring, C L ���������������������������������������������������� 1115
Ring, K ������������������������������������������������������ 1924
Rings, T ����������������������������������������������������� 1588
Rinkevich, J P ���������������������������������������� 2923
Rinkus, S ������������������������������������������������� 2664
Riordan, A ���������������������������������������������� 1886
Rioux, J S ������������������������������������������������� 2069
Ripp, S ������������������������������������������� 1673, 2474
Riss, T �������������������������������������������������������� 1437
Ritacco, G ��������������������������������������������� 2200*
Ritter, D ���������������������������������������������������� 2771
Rittinghausen, S ������������������������ 1321, 2711
Ritzenthaler, J D ������������������������������������ 1947
Riu, A ��������������������������������������������������������� 3157
Rivera, N ������������������������������������������������ 1140*
Rivera Caraballo, K A ��������������������������� 1141
Rivera-Marquez, G ������������������������������� 1087
Riviere, J E ����������������������������������� 1537, 2281
Rizzo, M D ��������������������������������� 1991, 1993*
Rizzolo, D ������������������������������������������������ 2495
R Khetani, S �������������������������������������������� 2768
Roach, K A ���������������������� 1318, 1330*, 1334
Roberts, G K �������������������������������������� 2442b*
Roberts, J R �������������������������������� 1318, 1330,
1334*, 2378, 2381, 2398
Roberts, R ������������������������������������������������ 1249

Roberts, S M ������������������������������� 1519, 1908
Robertson, D ������������������������������������������ 2514
Robertson, L W ������������������������������������� 2517
Robin, G ��������������������������������������������������� 1162
Robinson, A �������������������������������������������� 2135
Robinson, C N �������������������������������������� 1822*
Robinson, P ������������������������������������������ 3190*
Robinson, V G �������������������������� 1196*, 2658
Robles, R �������������������������������������������������� 2231
Roche, B M �������������������������������������������� 1705*
Rochet, J C ���������������������������������������������� 1423
Rochet, J-C ��������������������������������������������� 1420
Rockey, D C �������������������������������������������� 2540
Rockwell, C E ��������������������������������������� 1956*,
1957, 1958, 2088
Rodosthenous, R S ������������������������������ 2435
Rodriguez, A ����������������������������������������� 2384
Rodriguez, C ����������������������������� 2962, 2973
Rodríguez, J L ���������������������������������������� 2878
Rodriguez D, D �������������������������������������� 1814
Rodriguez Fernandez
de Henestrosa, A ���������������������������� 1691*
Rodríguez-Ibarra, C ��������������� 1325, 1329*
Rodriguez-Lopez, J L �������������������������� 1515
Roe, A L ���������������������������������������� 1262, 3166
Roede, J ������������������������� 1939, 1940*, 2938
Roede, J R ������������������������������������������������ 2337
Roegner, A F ���������������������������������������� 2859*
Roels, H A ���������������������������������������������� 1294*
Roethke, T J �������������������������������������������� 1627
Rogawski, M A �������������������������������������� 2062
Rogers, H B ��������������������������������������������� 1181
Rogers, K R ���������������������������������������������� 1536
Rogers, L K �������������������������������������������� 1599*
Rogers, S ������������������������������������������������ 2816*
Rogoveanu, O ��������������������������������������� 2545
Rogue, A �������������������������������������� 1164, 1232
Roh, H S ���������������������������������������������������� 1312
Roh, T ����������������������������������������������������� 1300*
Rohlman, D S ��������������������������� 1296, 2883*
Rojanasakul, Y �������������������������������������� 2895
Rokad, D ������������������������������������ 1432*, 2991
Rolle, d ����������������������������������������������������� 2132
Rollins, B ����������������������������������������������� 2153b
Rolls, B A ������������������������������������������������ 1926*
Roman, J �������������������������������������������������� 1947
Roman-Cruz, V �������������������������������������� 2452
Romero, A ����������������������������������������������� 2557
Romero, E G �������������������������������������������� 2454
Ronacher, C �������������������������������������������� 2015
Rondelli, C M ����������������������������������������� 3005
Rondón, A G ������������������������������������������� 1610
Ronis, M ����������������������������������� 1050*, 1937*
Rönkkö, T ������������������������������������������������� 1979
Rönkkö, T J ������������������������������������������� 2444*
Roomi, M W ����������������������������������������� 1089*
Rooney, A ���������������������������������������������� 1581*
Rooney, J ���������������������������������������������� 1500*
Rooney, J P ���������������������������������������������� 2762
Roper, C ������������������������������������������������� 2456*
Roper, C S �������������������������������� 2197*, 2737*
Roper, J ���������������������������������������� 2587, 3142
Roponen, M �������������������������������������������� 1979
Rorije, E ���������������������������������������������������� 3070
Roscigno, R ��������������������������������� 1681, 1683
Rosen, M �������������������������������������������������� 1234
Rosenbaum, E �������������������������������������� 2587
Rosenbaum, P F ������������������������������������ 1299
Rosenberg, M ���������������������������������������� 3217
Rosenblum, L ����������������������������������������� 1638
Rosengren, R J ��������������������������������������� 1071
Rosenmai, A K ������������������������� 2468*, 2858
Rosenzweig, B A ����������������������������������� 2013
Roshdy, S ������������������������������������������������ 2669
Ross, J ������������������������������� 1409, 1705, 2420
Ross, J A ��������������������������������������������������� 1530
Ross, J H ��������������������������������������������������� 1882
Ross, M ���������������������������������������������������� 2994
Ross, S ������������������������������������������������������� 1056
Ross, S M �������������������������������������������������� 2270
Rosseels, M-L ����������������������������������������� 1226
Rossetti, F ������������������������ 1736, 2047, 2054
Rössger, K ������������������������������������ 1253, 1651
Rossi, G ���������������������������������������������������� 2862
Rossman, J ���������������������������������������������� 2778
Rossner, P ����������������������������������� 1316*, 1472
Rossnerova, A �������������������������� 1316, 1472*
Roth, A ������������������������������������������������������ 1458

S
Saad, A ���������������������������������������������������� 2846
Saad, A S �������������������������������������������������� 2672
Saad, G ����������������������������������������������������� 1726
Saari, G ���������������������������������������������������� 2799
Saber, H �������������������������������������������������� 1566*
Saber, N ������������������������������������������������� 2846*
Sabo-Attwood, T ���������������������� 2704, 2724
Sacher, O ������������������������������������� 1251, 1395
Sachs, C �������������������������������������������������� 1565*
Sackinger, S �������������������������������������������� 2150
Sadamoto, K ����������������������������������������� 1773*
Saddler, T O ������������������������������������������ 2913*

Sadekar, N ��������������������������������������������� 2103*
Sadler, K C ����������������������������������������������� 2673
Sadler, N �������������������������������������������������� 3211
Sadowski, N �������������������������������� 2780, 3147
Sadowski, R N ���������������������������������������� 2631
Saenen, N D �������������������������������������������� 1294
Safe, S ��������� 1085, 1093, 1095, 1157, 1163
Safe, S H ��������������������������������������� 1054, 1154
Sagemark, J �������������������������������������������� 1658
Sager, T ���������������������������������������� 2398, 2901
Sager, T M ��������������������������������������������� 2394*
Saggu, S ������������������������������������������������ 2870*
Saghiri, A ������������������������������������������������� 3215
Sahab, Z J ���������������������������������������������� 1631*
Sahmel, J ������������������������������������������������� 1885
Saiakhov, R �������������������������������������������� 2809
Saini, Y ������������������������������������������������������ 1929
Saito, K ���������������������������������������� 2738*, 2741
Saito, W �������������������������������������������������� 1997*
Saito, Y ��������������������������������������������������� 2343*
Saitta, K S ����������������������������������������������� 1761*
Sajja, R ������������������������������������������������������ 1752
Sajja, R K ������������������������������������������������ 1462*
Sakaguchi, H ������������������ 2738, 2741, 2755
Sakai, M ���������������������������������������� 1754, 2903
Sakai, S ����������������������������������������������������� 2681
Sakaki, H �������������������������������������� 1769, 1773
Sakakibara, T ������������������������������������������ 2753
Sakakibara, Y ����������������������������������������� 2180
Sakamaki-Ching, S ������������������������������ 2135
Sakamuru, S �������������������������������� 1511, 1636
Sakhi, A K ������������������������������������������������� 2146
Sakkiah, S D ������������������������������������������ 1512*
Sakurai, K ������������������������������������������������ 2230
Sakurai, T �������������������������� 1113, 1754, 2903
Sala Benito, J ������������������������������������������ 1392
Saladino, F ��������������������������������������������� 2565
Salanga, M �������������������������������� 1159*, 1483
Salas, S ���������������������������������������������������� 1214*
Salas-Armentero, I ������������������������������� 1610
Saleem, N ������������������������������������������������ 1214
Salgueiro, L ��������������������������������������������� 3055
Salgueiro, L M ��������������������������������������� 3054
Salifoglou, A ������������������������������������������� 2620
Salmen, R ������������ 2009, 2125, 2391, 2721
Salminen, A ������������������������������������������� 2589
Salminen, A F ����������������������������������������� 1274
Salminen, A T ����������������������������������������� 1244
Salminen, W ���������������������������������������� 2589*
Salminen, W F ���������������������������������������� 1244
Salmon, A ����������������������������������������������� 2968
Salter, R ���������������������������������������������������� 1650
Salvadori, D M ��������������������������������������� 2214
Salvador-Silva, M �������������������������������� 3106*
Salvati, N �������������������������������������������������� 2853
Samadfam, R ���������������������������������������� 2975*
Samet, J ��������������������������������������������������� 2402
Samet, J M ���������������������������������������������� 2396
Sami, M ��������������������������������������������������� 2669
Saminathan, H ��������������������������������������� 1422
Sampson, D �������������������������������������������� 2773
Sampson, D A ������������������������� 2779, 3201b
Samra, N ������������������������������������������������� 2866
Samuelsen, J T ������������������������������������� 2147*
Sanchez, B ����������������������������������� 2333, 2720
Sanders, A ��������������������������������������������� 3024*
Sanders, A P ����������������������������������������� 2435*
Sanders, Z P ������������������������������������������� 2580
Sanderson, T ���������������������������� 1507*, 1635
Sandhu, R ���������������������������������������������� 1827*
Sang, N ����������������������������������������������������� 3035
Sangodele, J O ������������������������������������ 1182*
Sannoh, F ������������������������������������������������ 1735
Sanoh, S ��������������������������������������������������� 2615
Sant, K E ������������������������ 1215*, 1216, 3099*
Santa Ana, D ������������������������������������������ 3220
Santhanam, N ���������������������������������������� 1726
Santiago, N ��������������������������������������������� 1433
Santos, J M �������������������������������������������� 2601*
Sapiro, J M ��������������������������������������������� 1160*
Sarang, S �������������������������������������������������� 1092
Sargent, L ������������������������������������������������ 1531
Sargent, L M ����������������������������� 1096*, 2901
Sarigiannis, D ����������� 1902*, 2620*, 2706*
Sarkar, S �������������������������� 1422, 1743, 2991*
Sarnowski, M B �������������������������������������� 3027
Sarvazyan, N ����������������������������������������� 3057
Sasaki, H �������������������������������������������������� 1372

Sasaki, S �������������������������������������������������� 2086
Sasserath, T ������������������������������������������� 3209
Sato, G ���������������������������������������������������� 2180*
Sato, R ������������������������������������������������������ 2980
Sato, Y ������������������������������������������������������� 3165
Satoh, M �������������������������������������������������� 2087
Satori, M ��������������������������������������������������� 3175
Saunders, S A ��������������������������������������� 2725*
Savenka, A V ������������������������������������������� 2714
Savery, L C �������������������������������������������� 2902*
Sawalha, A F ����������������������������������������� 1279*
Sawant, S G ������������������������������������������� 2276*
Sawant, T ������������������������������������������������� 2198
Saylor, D ��������������������������������������� 2138, 2141
Saylor, D M ��������������������������������� 2137*, 2156
Scanlan, L D..............................................1313
Scardoni, G �������������������������������������������� 2995
Scase, K ���������������������������������������������������� 1712
Schadt, H ��������������������������������� 1497*, 2529*
Schadt, S ������������������������������������������������ 3225*
Schaefer, W ��������������������������������������������� 1438
Schafer, R ����������������������������������������������� 1174*
Schalkwijk, S ����������������������������������������� 2488
Schallmo, M ������������������������������������������� 2866
Schantz, S L �������������������������������������������� 2631
Schatz, T ������������������������� 2159, 2160, 2161*
Schaub, B ������������������������������������������������� 1979
Schaudien, D ����������������������������� 1321*, 1331
Schaupp, C M ��������������������������������������� 1943*
Schecter, A J ����������������������������������������� 1905*
Scheirer, J ������������������������������������������������ 2278
Schelegle, E ������������������������������������������� 2662
Schellenberger, M T �������������������������� 2188*
Schenck, K ����������������������������������������������� 1638
Schenk, L ����������������������������������� 2176, 2196*
Schepky, A ���������������������������������������������� 1588
Schicht, O ����������������������������������������������� 2259
Schick, S F ����������������������������������������������� 1449
Schiestl, R ����������������������������������������������� 2583
Schiestl, R H ����������������������������������������� 1608*
Schiffers, P M ���������������������������������������� 3030
Schinaman, R C ������������������������������������� 3195
Schkoda, S �������������������������������������������� 2674*
Schladweiler, M C ������������������������������� 1064,
2327, 2427, 2431
Schlenk, D �������������������������������������������� 2668*
Schlezinger, J ���������������������������� 1124, 2213*
Schlosser, C �������������������������������� 2182, 2879
Schlueter, C �������������������������������������������� 1930
Schmalbach, K ��������������������������������������� 1496
Schmeinck, S ����������������������������������������� 1865
Schmeink, S �������������������������������������������� 1415
Schmid, J ������������������������������������������������� 1745
Schmidt, F ����������������������������������������������� 1366
Schmidt, J ������������������������������������������������ 2795
Schmidt, R ��������������������������������� 3054*, 3055
Schmitt, T M ������������������������������������������� 1052
Schnackenberg, L �������������������������������� 1360
Schneider, J �������������������� 1351, 2223, 2621
Schneider, J S ����������������������������� 1397, 1434
Schneider, P A ��������������������������������������� 1958
Schneider, S ������������������������������ 1495*, 2656
Schnepper, M T ������������������������������������� 3157
Schoeny, R ������������������������������������������� 2320*
Schoeters, G ������������������������������������������ 1128,
1294, 1302, 2020*
Schofield, J ��������������������������������� 1766, 1767
Scholl, E ���������������������������������������������������� 1363
Schomaker, S ����������������������������������������� 1999
Schrenk, D ����������������������������������������������� 1478
Schroeder, J �������������������������������� 2168, 2696
Schubauer-Berigan, M K ������������������ 2901
Schuchardt, S ����������������������������� 1331, 2387
Schuld, J ��������������������������������������������������� 2624
Schuler, F ������������������������������������������������ 3225
Schuler, L ������������������������������������������������� 2785
Schulte, P A ��������������������������������������������� 2179
Schulte-Hubbert, R ��������������������������� 1478*
Schultz, C ������������������������ 1736, 2047, 2054
Schultz, N ������������������������������������������������ 2592
Schultze, A E ������������������������������������������ 1998
Schulz, K ������������������������������������������������� 2048
Schulz, L ��������������������������������������������������� 2771
Schulze, G ����������������������������������������������� 2931
Schumacher, J D ������������������� 2530*, 3015*
Schunck, W- H ��������������������������������������� 2472
Schupbach, C D ������������������������������������ 3051
Schuttelaar, M-L ����������������������������������� 2959

Schwab, C H ����������������������������������������� 1378*
Schwald, M ��������������������������������� 1497, 2529
Schwartz, C ��������������������������������������������� 1239
Schwartz, J ���������������������������������������������� 2435
Schwarz, K �������������������������������������������� 1880*
Schwarze, P E ����������������������������������������� 2447
Schwegler-Berry, D ���������������������������� 1318,
1330, 1334, 1518, 2378, 2395, 2901
Schwotzer, D ����������������������������� 1321, 1331*
Sciaky, D �������������������������������������������������� 1364
Scinicariello, F �������������� 1292, 1293, 1295*
Sciuscio, D ����������������������������������������������� 1859
Sciuto, A M ��������������������������������������������� 2384
Scott, C ����������������������������������������������������� 1851
Scott, C W ���������������������������������������������� 1658*
Scott, D ��������������������������������������������������� 2847
Scott, S ����������������������������������������� 1802, 2767
Scott, W C ���������������������������������������������� 1854*
Scoville, D K ������������������������������ 1943, 2887*
Seaman, J ����������������������������������������������� 2845
Searson, P ����������������������������������������������� 1760
Secker, P �������������������������������������������������� 1813
Secrest, J �������������������������������������������������� 2452
Sedic, M ������������������������������������������������ 1690*
Sedykh, A �������������������� 1829*, 2935, 2940*
Seeley, M ���������������������������������������������� 1848*
Seeram, N ������������������������������������ 2471, 2498
Sefton, E C ����������������������������������������������� 1181
Seidel, A ��������������������������������������������������� 2426
Seirup, M ���������������������������������������������� 2539*
Sekulovski, N ����������������������������������������� 1596
Seligmann, B ���������������������������� 3207*, 3212
Sella, O ����������������������������������������������������� 3018
Selmin, O I ���������������������������������������������� 3050
Semple, K ���������������������� 1693, 2550*, 2553
Sengupta, S ������������������������������ 1442*, 1463
SenGupta, S K ���������������������������������������� 1108
Sens, D A ������������������������������������������������� 1641,
1808, 1823, 2127, 3216
Senuma, M ��������������������������������������������� 2220
Seo, S �������������������������������������������������������� 1747
Seo, S J ����������������������������������������������������� 2954
Seok, J H �������������������������������������������������� 1312
Serchi, T ��������������������������������������� 1538, 2188
Serizawa, H �������������������������������������������� 1864
Serrano-Reyes, G ���������������������������������� 1942
Serve, K �������������������������������������������������� 3019*
Serve, K M ���������������������������������������������� 2968
Sery, O ������������������������������������������������������ 1316
Sesink, A �������������������������������������������������� 1697
Seth, R K ��������������������������������������������������� 2537
Sethi, P ����������������������������������������������������� 2491
Sethi, S ���������������������������������������� 2632, 2634*
Sethupathy, P ���������������������������������������� 1784
Seto, E ����������������������������������������������������� 1577*
Setser, J ���������������������������������������������������� 1987
Settivari, R S ������������������������������������������� 2760
Settle, S J ������������������������������������������������� 1191
Setzer, R W ����������������������������������� 1115, 1892
Setzer, W R ���������������������������������������������� 2926
Sevinsky, C J ������������������������������������������� 1631
Sewer, A ��������������������������������������������������� 3193
Shabb, J ���������������������������������������������������� 1823
Shaddock, J �������������������������������������������� 1525
Shafer, T ���������������������������� 1409, 1410, 1413
Shafer, T J ������������������������������������� 1411, 1412
Shaffer, C L ���������������������������������������������� 1670
Shaffer, J ������������������������������������������������� 2390
Shaffer, R M ������������������������������������������ 2786*
Shaffo, F ������������������������������������������������ 2662*
Shah, F ���������������������������������������������������� 1670*
Shah, I �������������������������������� 1387, 1412, 1621
Shah, J ������������������������������������������������������ 1824
Shah, K ������������������������������������������������������ 1730
Shah, R ���������������������������������������� 2228, 2818*
Shah, R R �������������������������� 2503, 2922, 3205
Shah, S ������������������������������������������������������ 1775
Shahane, S S ������������������������������������������� 2914
Shaikh, S R ����������������������������������������������� 1063
Shaikh, Z A ��������������������������������������������� 2084
Shakarjian, M P �������������������������������������� 1735
Shamilov, R ������������������������������������������ 2998*
Shamy, M Y ��������������������������������������������� 1151
Shan, Y ����������������������������������������������������� 2266
Shan, Y K �������������������������������������������������� 3195
Shang, J ���������������������������������������� 2144, 3042
Shang, P ��������������������������������������������������� 2775
Shankar, K ����������������������������������������������� 1050

543
SOT 2017 Annual Meeting

Roth, S ����������������������������������������������������� 2699
Rothe, M �������������������������������������������������� 2472
Rothemund, S ��������������������������������������� 3157
Rothen-Rutishauser, B ����������� 1516, 2001
Rotimi, O A �������������������������������� 1339*, 3029
Rotimi, S O ���������������������� 1339, 1863, 3029
Rottman, J ����������������������������������������������� 1689
Rougier, N ����������������������������������������������� 2026
Rouse, R ��������������������������������������������������� 2013
Routier, S ������������������������������������������������� 3198
Rovin, B ���������������������������������������������������� 1639
Rowland, A �������������������������������������������� 2587
Rowland, D J ������������������ 1624, 2055, 2062
Rowlands, J C ���������������������������������������� 2949
Rowley, S ������������������������������������������������� 2270
Rowley, S M ������������������������������������������� 2257
Roy, D ���������� 1106, 1112, 1416, 1637, 2845
Roy, M ������������������������������������������������������ 2546
Roy, S ��������������������������������������������� 1178, 2278
Roy, S R ����������������������������������������������������� 2337
Rubenstein, R ���������������������������������������� 2075
Rubin, A L ��������������������������������������������� 2664*
Rubin, R L ������������������������������������������������ 1994
Rubino, R E ���������������������������������������������� 1108
Rubio, L ���������������������������������������������������� 1712
Rubio-Andrade, M ������� 1785, 1786, 1787
Rubio-Armendariz, C ������������������������ 1891*
Ruddock, W ������������������������������������������� 2688
Rudel, R �������������������������������������� 1383*, 1892
Rudgers, G ��������������������������������������������� 2587
Rudraiah, S ��������������������������������������������� 2998
Ruegg, C �������������������������������������������������� 1685
Ruhter, M C �������������������������������������������� 2923
Ruiz, I ��������������������������������������������������������� 1428
Ruiz, M-J ���������������������������������� 2560*, 2565*
Ruiz, P ��������������������������������������� 2475*, 2934*
Rumbeiha, W ���������������������������������������� 2050
Rumbeiha, W K �������������������������� 2074, 3023
Rumsey, J W ������������������������������ 1726*, 3209
Rumyantseva, E ������������������������������������ 1366
Runge, F ��������������������������������������������������� 1710
Runge, N �������������������������� 1268, 1438, 3210
Runyan, R ����������������������������������������������� 3050
Russ, K A ������������������������������������������������ 2890*
Russ, K R A ���������������������������������������������� 2380
Russel, F G ����������������������������������� 2487, 2488
Russel, P J ������������������������������������������������ 1802
Russell, P ������������������������������������������������ 2767*
Russell, P J ����������������������������������������������� 2921
Russo, D P ��������������������������������������������� 2939*
Russo, M ��������������������������������������������������� 1518
Russo, T ������������������������������������������������� 2060*
Russo, T M ���������������������������������������������� 2064
Russotti, G ���������������������������������������������� 2589
Rusyn, I ������������������ 1457, 1476, 2512, 3223
Ruszkiewicz, J A ���������������������������������� 1132*
Rutledge, M S ���������������������������������������� 1474
Rütschlin, K ��������������������������������������������� 1731
Ryan, A ����������������������������������������������������� 2570
Ryan, C ��������������������������������������� 2958*, 2963
Ryan, C A ������������������������������������������������� 2961
Ryan, E ����������������������������������������������������� 1888
Ryan, E P ������������������������������������� 2566, 2602
Ryan, K ���������������������������������������� 1003*, 2792
Ryan, K R ����������������������������������������������� 2399*
Ryan, L K ������������������������������������������������ 1975*
Ryan, N ��������������������������������������� 1500, 1846*
Ryan, T P ������������������������������������������������ 3202*
Ryba, D ���������������������������������������������������� 2089
Rychlik, K ����������������������������������������������� 2452*
Ryder, S ���������������������������������������������������� 1254
Rynning, I ��������������������������������������������� 2458*
Ryu, C ������������������������������������������������������� 2786
Rzepecki, P W ���������������������������������������� 2028

AUTHOR INDEX

The numerals following the author names refer to the abstract numbers. The asterisk after the abstract number indicates the author is the presenter.

The numerals following the author names refer to the abstract numbers. The asterisk after the abstract number indicates the author is the presenter.

AUTHOR INDEX
544
SOT 2017 Annual Meeting

Shankaran, H ����������������������������� 1684, 3197
Shannahan, J �������������������������������������� 2894*
Shannon, B E ����������������������������������������� 1068
Shannon-Little, A L ����������������������������� 2169
Shao, K ���������������������������������������������������� 1828*
Shapiro, A ������������������������������������������������ 1828
Shapiro, D ����������������������������������������������� 2454
Sharanek, A ������������������������������� 1270, 3011*
Sharifi, M ����������������������������������������������� 2924*
Sharma, A ��������������������������������� 1708, 2344*
Sharma, A K �������������������������������������������� 1978
Sharma, B ������������������������������������������������ 1504
Sharma, M ��������������������������������� 1516*, 2826
Sharma, P ������������������������������������������������ 1260
Sharma, R ������������������������������������������������ 1929
Sharma, S ������������������������������������������������ 1818
Shavit, J ���������������������������������������������������� 1214
Shaw, M P ������������������������������������������������ 3163
Shayman, J A ������������������������������������������ 2028
Shea, D ����������������������������������������������������� 1121
Shea, K ������������������������������������������������������ 1693
Shea, K I ���������������������������������������������������� 2013
Sheabar, F Z �������������������������������������������� 3156
Shearer, J ���������������������������������������������� 1446*
Sheehan, D ������������������������������������������� 2745*
Sheehan, P ���������������������������������������������� 1881
Sheibani, N ��������������������� 1772, 3005, 3215
Shelton, S D �������������������������������������������� 1335
Shen, C-L ������������������������������������������������� 2569
Shen, J ������������������������������ 2495, 2530, 2533
Shen, L ���������������������������������������� 3010, 3012*
Shen, P ����������������������������������������� 2561, 2564
Shen, X ���������������������������������������������������� 1400
Sheng, N ����������������������������������������������� 2467*
Shepard, P ����������������������������������������������� 3212
Shepherd, D M �������������������������������������� 1968
Shepherd, K �������������������������������������������� 1430
Sheppard, A ����������������������������� 2734*, 2752
Sher, R ������������������������������������������������������� 1935
Sherf, B ������������������������������ 1241, 1272, 1276
Sherington, J ����������������������������������������� 2003
Sherman, M ������������������������������� 3056, 3057
Shershebnev, A ������������������������������������� 2216
Sheth, C M ����������������������������������������������� 1976
Shi, H ������������������ 1114, 1450*, 1660, 2523*
Shi, H X ����������������������������������������������������� 1503
Shi, J ���������������������������������������������� 1273, 1762
Shi, L ���������������������������������������������������������� 1089
Shi, M ������������������������������������������������������ 1596*
Shi, Q �������������������� 1244, 1274*, 1453, 2916
Shi, T ���������������������������������������������������������� 2018
Shi, W ����������������������������������������������������� 2689*
Shi, X ��������������������������������������������������������� 2108
Shi, Z ��������������������������������������������� 1319, 2462
Shibato, J ������������������������������������������������ 2220
Shide, E D ���������������������������������������������� 2130*
Shih, T-M �������������������������������������������������� 2053
Shih, T-M A ������������������������������������������� 2056*
Shim, J ���������������������������������������� 1935, 1983*
Shimelis, H ����������������������������������������������� 1111
Shinde, A ������������������������������������������������� 1323
Shing, J C ����������������������������������������������� 1867*
Shinoda, M ���������������������������������������������� 1456
Shinohara, N ������������������������������������������ 1534
Shipkova, P ��������������������������������������������� 2514
Shipkowski, K ����������������������������������������� 2712
Shipkowski, K A ����������������������������������� 1976*
Shirai, M ��������������������������������������������������� 1997
Shirai, Y ��������������������������������������������������� 2025
Shockley, K R ����������������������������������������� 1080
Shoeb, M ����������������������� 1318, 2009*, 2381
Sholts, S ������������������������������������������������� 1883*
Sho-Ola, E O ������������������������������������������� 1863
Shrestha, B ���������������������������������������������� 1631
Shrestha, S �������������������������������������������� 1641*
Shu, L �������������������������������������������������������� 1191
Shuey, C ��������������������������������������������������� 2136
Shuler, M L ���������������������������������������������� 3157
Shultz, J ���������������������������������������������������� 1437
Shurin, M R ���������������������������������������������� 2718
Shvedova, A A ������������������������������������ 1326*,
1518, 2708, 2718
Sibomana, I ��������������������������������������������� 3194
Siddens, L K �������������������������������� 2773, 2779
Siddiqui, A A ������������������������������������������ 3032
Sidhaye, V ������������������������������������������������ 2970
Siegrist, K ���������������������������������� 1096, 1531*
Siegrist, K J ��������������������������������������������� 2901

Sierra-Santoyo, A ������������������������������ 2232*
Sifat, A E ��������������������������������������������������� 1757
Sigman, M ���������������������������������������������� 2687
Sikorova, J ����������������������������������� 1472, 2904
Silbergeld, E K �������������������������������������� 2093
Siler, S Q ��������������������������������������������������� 1258
Sillé, F ������������������������������������������������������ 1017*
Sills, R C ���������������������������������������� 1080, 3205
Silo, S ��������������������������������������������������������� 1685
Silva, M ��������������������������������������� 1845*, 2667
Silverman, J L ���������������������������������������� 2062
Silvescu, C ����������������������������������������������� 1805
Simak, J ������������������������������������ 1535*, 2010*
Simic, D �������������������������������������� 1650, 3035*
Simmen, F A ������������������������������������������ 2640
Simmons, D L ����������������������������������������� 2478
Simmons, J E ����������������������������� 1002*, 1117
Simmons, S O ����������������������������������������� 3153
Simon, F ��������������������������������������������������� 1265
Simone, N ����������������������������������������������� 2650
Simonich, M T ��������������������������������������� 2630
Singer, M �������������������������������������������������� 1650
Singer, T �������������������������������������������������� 3225
Singh, B ���������������������������������������������������� 1650
Singh, D P ������������������������������������������������ 2978
Singh, K ���������������������������������������� 2078, 2189
Singh, K P ���������������������������������� 1340, 1447*
Singh, N ������������������������������������� 2192, 2573*
Singh, N P ��������������������������������������������� 1969*
Singh, P ��������������������������������������������������� 3039
Singh, R ���������������������������������������������������� 1407
Singh, R R ����������������������������������������������� 2980
Singh, U ��������������������������������������������������� 1969
Singh, V ���������������������������������������������������� 1978
Singha, S K ������������������������������������������� 2590*
Singhal, A ������������������������������������������������ 1881
Sinha, J ����������������������������������������������������� 2139
Sinha, N ��������������������������������������������������� 1344
Sinno, P ���������������������������������������������������� 1215
Sipes, N �������������������������������������� 1038*, 1234
Sipes, N S ����������������������������������������������� 1042*
Sippula, O ����������������������������������������������� 2444
Sireli, U T ������������������������������������������������� 1904
Sirtori, S ���������������������������������������������������� 2953
Sisler, J D ����������������������������������������������� 2390*
Sistare, F D ���������������������������������� 1053, 2686
Sitoki, L ����������������������������������������������������� 2859
Sivakumar, A ������������������������������������������ 1414
Sivakumar, K K ������������������������� 1198*, 1498
Sivan, S ����������������������������������������������������� 2138
Sivaram, G ����������������������������������������������� 2876
Siwakoti, R C ������������������������������������������� 2933
Skaggs, H ������������������������������������������������� 1650
Skaug, V ��������������������������������������������������� 1740
Skeens, J �������������������������������������������������� 1273
Skinner, C ������������������������������������������������ 2581
Skoog, S A ��������������������������������������������� 2155*
Skuland, T ������������������������ 1517, 1520, 2447
Skytte, C �������������������������������������������������� 1223
Slattery, M ���������������������������������� 1166*, 1168
Slavov, S ����������������������������������� 2914*, 2930*
Slavova, I ������������������������������������������������� 2930
Slikker, W ���������� 2644, 2645, 2646, 3082*
Slitt, A ������������������������������� 2471, 2498, 2534
Sloan, D ������������������������������������������������� 1440*
Sloan, R C ������������������������������������������������� 2331
Slotkin, J �������������������������������������������������� 2139
Slusher, B ������������������������������������������������ 2045
Slusser-Nore, A ������������� 1823*, 2127, 3216
Sly, J E ������������������������������������������������������� 3151
Smallwood, H S ������������������������������������� 1419
Smeester, L ���������� 1587, 1783, 1785, 1787
Smegal, D ����������������������������������������������� 2563
Smeltz, M G ������������������������������������������ 1227*
Smirnova, L ��������������������������������� 1748, 2643
Smit, E ������������������������������������������������������� 2173
Smith, A ��������������������������������������������������� 2276
Smith, A H ����������������������������������������������� 1017
Smith, A M �������������������������������������������� 2649*
Smith, B ���������������������������������������������������� 2765
Smith, C ��������������������������������������������������� 2987
Smith, D R ������������������������������������������������ 1401
Smith, G J ���������� 1062, 2513, 2526, 2541*
Smith, H J ��������������������������������������������� 1060*
Smith, J ����� 1387, 1702, 2018, 3182*, 3186
Smith, J D ���������������������������������������������� 2014*
Smith, J N ������������������������������������ 1123, 1899
Smith, K �������������������������������������� 1883, 2721*

Smith, L ���������������������������������������������������� 1805
Smith, L C ��������������������������������������������� 2704*
Smith, L L ����������������������������������������������� 1424*
Smith, M ������������������������ 1959, 2159, 3201g
Smith, M E ����������������������������������� 2160, 2161
Smith, M J ������������������������������������������������ 1976
Smith, M T ����������������������������������������������� 1017
Smith, N L ���������������������������������������������� 1073*
Smith, P ����������������������������������������� 1167, 1243
Smith, P B ����������������������������������������������� 2982
Smith, P N ������������������������������������������������ 2128
Smith, R ��������������������������������������������������� 2804
Smith, S �������������������������������������� 1428*, 3178
Smith, T R ���������������������������������� 1246, 1804*
Smith, W �������������������������������������������������� 2859
Smith-Roe, S ������������������������������������������ 1590
Snelling, S ����������������������������������������������� 1803
Snoeys, J �������������������������������������������������� 1650
Snow, S J ������������������������������������������������ 1064,
1065, 1745, 2327, 2335*, 2427*, 2429,
2431, 2448
Snyder, M P ��������������������������������������������� 1459
Snyder, N ������������������������������������������������ 1066
Snyder, R �������������������������������������������������� 2713
Snyder, R J ��������������������������������������������� 2716*
Snyder, S �������������������������������������������������� 1396
Sobel, E ��������������������������������������������������� 1908
Sobh, A ������������������������������������������������ 3201g*
Soboleva, T �������������������������������������������� 1664
Sobolewski, M ������������������������������������ 1351*,
2223, 2635, 2636, 2637
Sobry, C �������������������������������������������������� 3001*
Sobsey, M ����������������������������������������������� 1888
Sobus, J ���������������������������������������������������� 1575
Soden, J ��������������������������������������������������� 1689
Sodhi, G K ���������������������������������������������� 1504*
Sohn, S ����������������������������������������������������� 1312
Sohn, S J ��������������������������������������������������� 1765
Soki, H ������������������������������������������������������ 2509
Solano-Gonzales, M ���������������������������� 2435
Solomon, G G ���������������������������������������� 3205
Solomon, S ��������������������������������������������� 1759
Somji, S ��������������������������������������������������� 1641,
1808, 1823, 2127*, 3216
Sommerhage, F ������������������������������������ 1726
Sommers, C �������������������������������������������� 2570
Sone, M �������������������������������������� 2249*, 2250
Sonee, M �������������������������������������������������� 2313
Song, C-W ������������������������������������������������ 2639
Song, G ����������������������������������������������������� 2081
Song, J-Y �������������������������������������������������� 2766
Song, K ����������������������������������������������������� 2727
Song, L ����������������������������������������������������� 1812
Song, M �������������������������������������� 2523, 2525*
Song, W ��������������������������������������������������� 2442
Sonkar, R �������������������������������������������������� 1352
Sonnentag, P J ������������������������������������ 1455*
Sorden, S ������������������������������������������������� 1455
Sorenson, C M ��������������������������� 1772, 3215
Soria-Díaz, M E ������������������������������������� 2567
Soshilov, A ���������������������������������������������� 1154
Soto, N ����������������������������������������������������� 2907
Souguir, z ������������������������������������������������ 1266
Soukup, S T ��������������������������������������������� 1496
Souza, V C ����������������������������������������������� 2214
Spade, D J ���������������������������������������������� 1595*
Spanogle, T L ����������������������������������������� 2879
Speen, A M ��������������������� 1061*, 1933, 2436
Speer, R M ��������������������������������������������� 2112*
Speidel, J T �������������������������������������������� 1490*
Spenkelink, B ���������������������������������������� 1809
Sperber, S ����������������������������������� 2660, 2690
Sperling, M ��������������������������������� 1324, 2284
Spézia, F ��������������������������������������������������� 1185
Spielmann, B ������������������������������������������ 1496
Spiess, C ������������������������������������������������� 1563*
Spörndly-Nees, E ������������������������������� 1189*
Sprando, R L ������������������������������������������ 2208
Sprankle, C ���������������������������������������������� 2935
Spring, S �������������������������������������������������� 2619
Squibb, K �������������������������������������� 2119, 2126
Srinivas, P ���������������������������������������������� 1782*
Srinivasan, V ������������������������������������������� 3032
Srivastava, A ������������������������������������������� 1639
Srivastava, S ������������������������������ 1098, 3048
Srivenugopal, K ������������������������������������ 2021
Staal, Y C ���������������������������������� 1235*, 1868*
Stacpoole, P W �������������������������������������� 1227

Stafflinger, J E ���������������������������������������� 1928
Stamou, M ������������������������������������������� 3201c*
Stanko, J ������������������������������������������������� 1365*
Stankowski, L F ������������������������������������� 2269
Stanley, J A �������������������������������� 1198, 1498*
Stanton, B A �������������������������������������������� 1585
Stanton, R ������������������������������������������������ 1670
Stanulis, R ������������������������������������������������ 2518
Staples, C ������������������������������������������������ 2842
Stapleton, H M ����������������������� 2794, 3094*
Stapleton, N ������������������������������������������ 2388
Stapleton, P ����������������������������������������� 2226*
Stapleton, P A ���������������������������������������� 2332
Star, A �������������������������������������������� 1326, 1518
Starckx, S ������������������������������������������������� 1698
Staska, L �������������������������������������������������� 1096
States, J C ���������������������� 1788, 2133, 2729*
Stauber, J ������������������������� 1805, 2007, 2017
Stavreva, D A ������������������������������������������ 1511
St. Claire, R L ������������������������������������������� 1649
Stearns, T ������������������������������������������������ 2683
Stedman, D ���������������������������������� 1217, 3161
Steele, B �������������������������������������������������� 2799
Steele, C ��������������������������������������������������� 2570
Steele, H B ����������������������������������������������� 1530
Steemans, K V �������������������������������������� 1698*
Steen, D ��������������� 1480, 2026, 2202, 3198
Stefaniak, A �������������������������������������������� 3037
Stefaniak, A B ����������������� 1330, 1334, 2901
Stegeman, J �������������������������������� 1159, 2884
Stegeman, J J ��������������������������� 1213, 1483*
Steidl-Nichols, J ����������������������������������� 3044
Steinberg, P �������������������������������������������� 2501
Steinhuber, B ���������������������������������������� 3225
Steinmaus, C ����������������������������� 1015*, 1776
Steinmaus, C M ������������������������������������� 1017
Stelletta, C ���������������������������������������������� 1201
Stelljes, M ��������������������������������������������� 2256*
Stenslik, M ���������������������������������������������� 2048
Stenslik, M J �������������������������������������������� 1734
Stepan, A ������������������������������������������������� 1670
Stephan, C ���������������������������������������������� 2129
Stephens, M ������������������������������������������� 1209
Stephenson, O J ��������������������������������� 2868*
Stepp, M W ������������������������������������������ 1488*
Sterner, T R ���������������������������������� 1857, 3194
Stevenhagen, F ������������������������� 1703, 3045
Stevens, C ����������������������������������� 2932, 3068
Stevens, J ����������������������������������� 1545*, 3180
Stevens, J L ������������������������������������������� 3113*
Stevens, Z ������������������������������������ 3146, 3148
Steves, A N ���������������������������������������������� 1355
Stewart, S ������������������������������������������������ 2013
Sthijns, M M ����������������������������������������� 3030*
Stiehl, D ���������������������������������������������������� 1497
Stierum, R H �������������������������������������������� 1394
Stinchcombe, S ����������������������������������� 2656*
Stine, K E ����������������������������������������������� 2334*
St. John, N ���������������������������������������������� 2806
Stockbridge, N �������������������������������������� 1659
Stocke, C ������������������������������������������������ 1780*
Stoddard, E ��������������������������������������������� 3211
Stofan, M F �������������������������������������������� 2495*
Stoker, T E ������������������������������������ 1508, 1510
Stokes, A �������������������������������������������������� 1228
Stone, M �������������������������������������������������� 2047
Stone, M F ����������������������������������������������� 1736
Stone, S ���������������������������������������������������� 2391
Stone, V ���������������������������������������������������� 1516
Stonecipher, C A ���������������������������������� 2588
Stoopen, G ���������������������������������������������� 2532
Stopka, S A ���������������������������������������������� 1631
Stout, M ��������������������������������������������������� 3161
Stout, M D ���������������������������������� 2404, 2709
Strapacova, S ����������������������������������������� 1316
Strassle, B ������������������������������������������������ 2769
Stratford, K ������� 2425, 2438, 2439, 3043*
Strauch, P ����������������������������������������������� 2262
Strauss, V ������������������������ 1328, 1495, 1663,
2385*, 2656, 2690, 2910
Street, R �������������������������������������������������� 2122*
Streitz, F ������������������������������������������������� 3119*
Stricker-Krongrad, A ���������� 2699*, 2700*,
3058*
Strickland, J ������������������� 2182, 2915*, 3160
Strickland, J D ������������������������������������� 1409*
Strigun, A ����������������������������������������������� 2660
Strittmatter, R ���������������������������������������� 2014

Szilvassy, S J ������������������������������������������� 1443

T
Tabata, K �������������������������������������������������� 1653
Tachiki, H ������������������������������������������������ 2509
Tadagavadi, R ���������������������������������������� 1987
Tafazoli, S ����������������������������������������������� 2562
Taft, J D ����������������������������������������������������� 1174
Taguchi, K ���������������������������������������������� 2691*
Taiwo, A A ������������������������������������������������ 2109
Tajima, K �������������������������������������������������� 1456
Takada, S �������������������������������������������������� 1997
Takagi, C �������������������������������������������������� 1456
Takahashi, M ������������������������������ 1834, 2505
Takahashi, T ������������������������������������������� 2098
Takaku, M ������������������������������������������������ 2691
Takama, K ������������������������������������������������ 1072
Takanami, Y �������������������������������� 1913, 2770
Takasu, S ��������������������������������������������������� 1113
Takemoto, K ������������������������������������������ 2540
Taketa, Y �������������������������������������������������� 1771
Takeuchi, M ������������������������������������������� 2025
Takeya, M ������������������������������������������������� 2100
Takezawa, T �������������������������������������������� 1479
Tal, T ��������� 1220*, 1373, 2212, 2625, 3161
Talbot, P ����� 1281, 1449, 1874, 1916, 2135
Talcott, C L ���������������������������������������������� 1631
Talhout, R ����������������������������������������������� 1868
Talikka, M ����������������������������������������������� 2823
Tallon, M ������������������������������������������������� 1884
Tamamis, P ���������������������������������������������� 1154
Tamehiro, N ������������������������������������������ 2681*
Tamura, A ��������������������������������������������� 2964*
Tamura, E ������������������������������������������������� 1669
Tan, C ������������������������������� 1573*, 1579, 3178
Tan, C Y-M �������������������������������������������� 3068*
Tan, M ������������������������������������������������������� 2552
Tan, Y ��������������������������������������������� 1812, 3040
Tan, Y-M ��������������������������������������������������� 2932
Tanabe, S ����������������������������������������������� 1372*
Tandon, A ������������������������������������������������ 1506
Taneja, G ������������������������������������������������ 1485*
Taneumra, K ���������������������������������������� 3201d
Tang, L ������� 1310, 1897, 2569, 2572, 2803
Tang, X ����������������������������������������������������� 1806
Tanguay, R ����������������������������������� 2674, 3161
Tanguay, R L �������� 1171, 1211, 1363, 2456,
2630, 2800, 2801, 3201b
Tanir, J Y �������������������������������������������������� 2269
Tanis, K ����������������������������������������������������� 1053
Tanwar, V S ���������������������������������������������� 1357
Tao, G �������������������������������������������������������� 2434
Tapia, C M ��������������������������������������������� 2882*
Tapinos, N ����������������������������������������������� 2139
Tarandovskiy, I D ���������������������� 1535, 2010
Tarasova, D ������������������������������������������� 1277*
Tarazona, J �������������������������������������������� 1572*
Tarkhov, A ����������������������������������� 1251, 1378
Tascher, G ������������������������������������������������ 2026
Tate, M ���������������������������������������������������� 2243*
Tateno, C �������������������������������������������������� 1479
Tatsumi, K ������������������������������������������������ 1083
Taurin, S ��������������������������������������������������� 1071
Tavakoli, S ����������������������������������������������� 2168
Taylor, A ������������������������� 2712, 2713, 2723*
Taylor, A J ������������������������������������������������ 2709
Taylor, D L ���������������������������������������������� 3122*
Taylor, L ���������������������������������������������������� 2193
Taylor, M R ����������������������������������������������� 1210
Taylor, S ��������������������������� 2413*, 2415, 3013
Tchounwou, P ���������������������������������������� 1323
Te, J ������������������������������������������������������������ 3192
Tebbe, C C ���������������������������������������������� 2265
Teeguarden, J �������������������������� 1578*, 1579
Tegegn, T Z ��������������������������������������������� 1535
Teissier, S ������������������������������������������������� 3157
Teixeira, J �������������������������������� 1540*, 2888*
Teixeira de Macedo, G ������������������������ 1132
Tejeda-Benitez, L ������������������� 2036, 2671*
Tejeda-Benítez, L P ����������������� 2805, 2855
Tekin, K ����������������������������������������������������� 1201
Telesca, D ������������������������������������������������ 1191
Tellez-Rojo, M M ����������������������������������� 2435
Tempel, D ����������������������������������������������� 2007
TenBruggencate, A ������������������������������ 1682
Tencalla, F ����������������������������������������������� 1832
Tenezaca, L �������������������������������������������� 1648
Teng, S ������������������������������������������������������ 1931

Tennant, A ����������������������������������������������� 2212
Teo, S ������������������������������������������� 1205*, 1206
Terada, M ������������������������������������������������� 1072
Teraoka, H ����������������������������������������������� 1165
ter Braak, B �������������������������������������������� 3199*
Terc, J �������������������������������������������� 1443, 1665
Terrell, M L ���������������������������������������������� 1355
Terse, P ����������������������������������������� 1700, 1701
Teshima, R ����������������������������������������������� 2681
Testai, E �������������������������������������������������� 3071*
Tetsuka, K ������������������������������������������������ 1653
Tewari-Singh, N ���������������������������������� 1630*
Thacker, S E ������������������������������������������� 2511*
Thadani, J ����������������������������������������������� 2658
Thakkar, S ����������� 1247, 1249*, 1250, 1491
Thakkar, Y ����������������������������������������������� 2277
Tharwani, S ��������������������������������������������� 2628
Thayer, K �������������������������������������������������� 1581
Thayer, K A ����������� 1499, 1506, 1633, 3163
Thelu, A ���������������������������������������������������� 2747
Theriault, D ��������������������������������������������� 1212
Thibodeau, M ���������������������������������������� 1702
Thiermann, H ����������������������������������������� 1628
Thomas, D ���������������������������������������������� 2265
Thomas, D J ������������������������������������������ 1796*
Thomas, H C ������������������������������������������� 1036
Thomas, J ������������������������������������ 1062, 2412
Thomas, J J ��������������������������������������������� 1494
Thomas, R ����������������������������������������������� 2372
Thomas, R S ��������������������� 1374, 2922, 3153
Thomas, S ������������������������������������� 2617, 2619
Thomas, T ���������� 1443, 1665, 2376*, 2390
Thomas, T A �������������������������������������������� 2433
Thomas, T P ������������������������������������������ 2053*
Thompson, C ��������������� 1839, 2492, 2838*
Thompson, C K ������������������������������������ 2616*
Thompson, C M ������������������������������������ 2111
Thompson, J A ����������������������������������� 2380*
Thompson, K L �������������������������������������� 2013
Thompson, K M ����������������������������������� 1221*
Thompson, K N ����������������������������������� 2128*
Thompson, L ������������������������������ 2425, 2438
Thompson, L C ������������������������ 2327, 2463*
Thompson, M A ������������������������������������ 1926
Thompson, S K �������������������������������������� 1355
Thomson, J A ����������������������������������������� 1463
Thorne, D ������������������������������������������������ 1461
Thorne, P S ���������������������������������� 2441, 2473
Thornton, C �������������������������������������������� 2797
Thornton, L ������������������������������ 2282, 2897*
Thorpe, R ������������������������������������������������ 1984
Thran, B ���������������������������������������������������� 1278
Threadgill, D ������������������������������ 1966, 2512
Threadgill, D W ������������������������������������� 1194
Thuett, K A ���������������������������������������������� 1912
Thurman, J D ����������������������������������������� 2400
Thurston, G D ���������������������������������������� 2455
Tian, J �������������������������������������������������������� 1782
Tian, Y ������������������������������������������� 1169, 1945
Tiblier, A ��������������������������������������������������� 2795
Tidball, T �������������������������������������������������� 1857
Tien, E ������������������������������������������������������� 1656
Tighe, R M ����������������������������������� 1059, 2437
Tilley, S K ������������������������������������������������ 2215*
Tillmann, T ��������������������������������������������� 2387
Tilly, T ����������������������������������������������������� 2286*
Tilton, S C �������� 1171, 2773, 2779, 3201b*
Timchalk, C ������������������������������� 1899, 3186*
Timme-Laragy, A R ������������������� 1215, 1216
Timsit, Y ��������������������������������������������������� 1497
Tippin, T ��������������������������������������������������� 1687
Tirmenstein, M �������������������������������������� 3203
Tissari, J ��������������������������������������������������� 2443
Titma, T ������������������������������������������������� 1544*
Titz, B �������������������������������������������������������� 3196
Tobacyk, J ��������������������������������� 2542, 2581*
Toda, T ���������������������������������������������������� 1320*
Todaka, E ������������������������������������������������ 2230
Todd, G K ������������������������������������������������� 1162
Todoroki, M ������������������������������������������� 2220
Todorov, P ����������������������������������������������� 3197
Tohkin, M ������������������������������������������������ 3000
Tohyama, C ��������������������������������� 1815, 2633
Tokar, E ������������������������������������� 1007*, 2228*
Tokumoto, M ����������������������������������������� 2087
Tollerud, D J ������������������������������������������ 2898
Tolosa, J �������������������������������������������������� 2560
Toltin, A C ����������������������������������������������� 2877

Tomezyk, A ��������������������������������������������� 1805
Toner, F ����������������������������������������������������� 2197
Tong, H ���������������������������������������� 1745, 2431*
Tong, W ��������������������������������������������������� 1247,
1248, 1249, 1250, 1256, 1359, 1360,
1487, 1491, 1512, 1728, 2516, 3084*,
3087*
Topinka, J ������������������������ 1316, 1472, 2904
Tornero-Velez, R ������������������������ 1115, 2912
Tornesi, B ������������������������������������������������� 1217
Tornier, C ���������������������������������������������� 2153b
Toro-Salazar, O ������������������������������������� 2683
Torrejon, K Y ����������������������������������������� 3109*
Torres-González, E ������������������������������� 1947
Toscano-Mouthon, F L ��������������������� 2855*
Totan, F E ������������������������������������������������ 1904
Toth, E L �������������������������������������������������� 2485*
Toth, J ������������������������������������������������������� 2014
Tovar, A ���������������������������������������������������� 1062
Tovborg Jensen, J �������������������������������� 1223
Townsend, T A ������������������������������������� 1335*
Toy, H �������������������������������������������������������� 1231
Toyoda, T ���������������������������������� 2249, 2250*
Toyokawa, K ����������������������������������������� 1276*
Toyooka, S ���������������������������������������������� 2967
Trabosh, V A ������������������������������������������� 1586
Trautman, T D ���������������������������������������� 2559
Trepel, J ���������������������������������������������������� 1087
Tressler, J ������������������������������������������������ 2384
Triel, J V ���������������������������������������������������� 1876
Trindade, E ��������������������������������������������� 2862
Trinidad, J ������������������������������������������������ 1425
Trippier, P C �������������������������������������������� 1667
Tritto, E ����������������������������������������������������� 1497
Trivedi, K �������������������������������������� 2772, 3193
Trivedi, P ������������������������������������������������ 1825*
Troese, M ���������������������������������������������� 2957*
Troeung, M �������������������������������������������� 2864
Trombetta, L ������������������������������������������ 2103
Trombetta, L D ������������������������������������� 2868
Tron, A E �������������������������������������������������� 2252
Troncy, E �������������������������������������� 2547, 3047
Tropsha, A ����������������������������������������������� 1379
Truax, J ����������������������������������������������������� 3159
Truchon, G ��������������������������������� 1900, 2408
Truckers, L ����������������������������������������������� 1128
Truong, L ������������������������������������ 1338, 1363,
2630*, 2801, 2911
Truong, T ������������������������������������������������� 2756
Trush, M A ���������������������������������������������� 1088
Tryndyak, V ������������������� 1051, 1084, 1336*
Tryndyak, V P ���������������������������������������� 1860
Tsai, B ������������������������������������������������������� 2607
Tsai, H-T ��������������������������������������������������� 2328
Tsai, M-H ������������������������������������������������� 2328
Tsai, Y-H �������������������������������������������������� 2063
Tsaioun, K ���������������������������������������������� 1209*
Tsamouri, M M ������������������������������������� 1938*
Tsang, S Y ������������������������������������������������ 3013
Tsarouhas, K ������������������������������������������� 1938
Tsatsakis, A ��������������������������������� 1938, 2706
Tse, K ��������������������������������������������������������� 1443
Tseng, M �������������������������������������������������� 2763
Tshikalange, E T ������������������������������������ 1120
Tsitsimpikou, C �������������������������������������� 1938
Tsoli, C G �������������������������������������������������� 2757
Tsuboi, I ���������������������������������������������������� 1441
Tsuchiya, T ���������������������������������������������� 1909
Tsuchiyama, H ��������������������������������������� 1694
Tsuji, M �������������������������������������������������� 1909*
Tsuneyama, K ���������������������������������������� 2025
Tsunoda, M ���������������������������� 1994b, 2190*
Tsuruoka, S ������������������������������� 1096, 2705*
Tsusaki, H ������������������������������������������������� 3027
Tsutsumi, H ��������������������������������������������� 1669
Tsuyama, Y ���������������������������������������������� 2615
Tu, P ����������������������������������������������������������� 1789
Tuan, R S �������������������������������������������������� 3150
Tucker, C J ������������������������������������������������ 2716
Tucker, D K ������������������������������������������� 2489*
Tucker, K A ����������������������������������������������� 1282
Tunkel, J ���������������������������������������� 2811, 2812
Turley, A ������������������������ 2151*, 2152, 2153b
Turley, A E ���������� 1647*, 1956, 1958, 2088
Turner, S ��������������������������������������������������� 2120
Turner, Z B ���������������������������������������������� 2580
Turteltaub, K ������������������������������������������ 3182
Tvermoes, B E ���������������� 1833, 2142, 2576
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Strope, C ������������������������������������������������� 2945
Strupp, B J ����������������������������������������������� 1401
Strynar, M ������������������������������������������������ 1575
Stuchal, L D �������������������������������������������� 1908
Stueckle, T ����������������������������������������������� 1521
Stueckle, T A ����������������������������� 1315*, 2895
Stuhler, J �������������������������������������������������� 1682
Stults, W P ��������������������������������������������� 1309*
Stump, S �������������������������������������������������� 1073
Sturla, S J ���������������������������������� 1105*, 3201c
Stýblo, M ������������������������������������������������ 1778,
1781, 1784, 1785, 1786, 1787, 1791
Suarez, J ��������������������������������������������������� 1509
Suarez, S C �������������������������������������������� 2336*
Subileau, E-A ����������������������������������������� 2202
Subramaniam, V ����������������������������������� 1981
Subramanian, B ����������������������������������� 1948
Suchard, S ����������������������������������������������� 1692
Sudsakorn, S ������������������������������������������ 1805
Suemizu, H ������������������������������� 2684*, 2686
Suffield, S ������������������������������������������������ 2379
Sugara, C ������������������������������������������������� 2190
Sugaya, T ������������������������������������������������� 2033
Suggaravetsiri, P �������������������� 1893*, 2832
Sugimoto, C ������������������������������������������� 2881
Sugiura, Y ������������������������������������������������ 2190
Suh, M ������ 1308*, 1839, 2492, 2813, 2838
Sukhu, R �������������������������������������������������� 2382
Sulentic, C ����������������������������������������������� 1961
Sullivan, K ���������������������������������� 1013*, 2005
Sulsky, S ��������������������������������������������������� 2816
Sultan, M A ������������������������������� 1992*, 2403
Summers, S D ��������������������������������������� 2008
Sun, B ������������������������������������������������������� 2257
Sun, D ������������������������������������������������������� 1301
Sun, G ������������������������������������������������������� 1310
Sun, H �������������������������������� 1102, 1358, 1792
Sun, J �������������������������������������������� 1360, 1654,
1763, 2233*, 2552, 3033
Sun, L �������������������������������������������������������� 2421
Sun, P �������������������������������������������������������� 2014
Sun, Q ������������������������������ 2421, 2651*, 2661
Sun, X ������������������������������������������������������� 2803
Sun, Y �������������������������������������������������������� 1433
Sun, Z ������������������� 1319, 1332, 1597, 2462*
Sung, J ������������������������������������������������������ 2727
Sunil, V ��������������������������������������������������� 2067*
Supasai, S ���������������������������������������������� 2055*
Surapureddi, S ������������������������������������� 1080
Surfraz, B ���������������������������������������������� 2928*
Susiarjo, M �������������������������������� 1350*, 2341
Sussman, E ���������������������������������������������� 2137
Sussman, E M ��������������������������������������� 2138*
Sutherland, J J ��������������������������������������� 3202
Sutherland, V ���������������������������� 1188*, 3159
Suttles, N ������������������������������������������������� 1706
Suva, L J ��������������������������������������������������� 1937
Suvorov, A ������������������������������� 2216*, 2224*
Suwannasual, U ���������������������������������� 2461*
Suzuki, A �������������������������������������������������� 1454
Suzuki, H ����������������������������������� 2682, 2685*
Suzuki, T �������������������������������������������������� 2841
Suzuki, Y �������������������������������������� 2033, 2035
Svedberg, U �������������������������������������������� 2422
Svensson, K ��������������������������������������������� 2435
Svoboda, D ��������������������������������������������� 2919
Svoboda, D L ����������������������������������������� 2922
Svoboda, K R ������������������������������������������ 2624
Swaan, P �������������������������������������������������� 1158
Swank, A �������������������������������������������������� 3149
Swanson, B ��������������������������������� 1727, 3226
Swanson, K N ����������������������������������������� 2411
Swanson-Mungerson, M ������������������� 1981
Swaroop, A ������������������������������� 1679*, 1680
Swartz, C ����������������������������������������������� 2267*
Sweeney, E ���������������������������������������������� 1366
Sweeney, L M �������������������������������������� 2308*
Sweeney, M �������������������������������������������� 2570
Sweileh, W M ����������������������������������������� 1279
Swiercz, A ����������������������������������������������� 3056
Sydor, M ������������������������������������������������ 2889*
Sydor, M J ������������������������������������������������ 1530
Symington, S B ������������������������������������� 2877
Szafran, B ���������������������������������������������� 2994*
Szarfman, A �������������������������������������������� 1659
Szatkowski, D ���������������������������������������� 1985
Szilagyi, J ������������������������������������������������� 3015
Szilagyi, J T �������������������������������������������� 1237*
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Tyler, C ������������������������������������������ 2333, 2720
Tyree, C ���������������������������������������������������� 1810

U
Uber, R ������������������������������������������������������ 1491
Uchino, K ������������������������������������������������� 1534
Uchiyama, A ������������������������������� 1452, 1454
Udah, D C ��������������������������������������������� 2038*
Uehara, T ������������������������������������������������� 2516
Uematsu, Y ������������������������������������������� 2531*
Uenoyama, T ����������������������������������������� 2483
Uetrecht, J ��������� 1269, 2345*, 3002, 3004
Ugbaja, R N ��������������������������������������������� 1863
Ukairo, O �������������������������������������������������� 2768
Ulyanov, A ���������������������������������������������� 2543
Umbaugh, C ������������������������������������������ 1446
Umbright, C �������������������������������� 2381, 2398
Umbright, C M �������������������������������������� 2394
Ungell, A-L ���������������������������������������������� 2768
Unice, K ���������������������������������������� 1833, 1885
Unice, K M ����������������������������������� 2142, 2143
Uota, T ������������������������������������������������������ 2180
Upadhyay, S ����������������������������� 1949*, 2776
Uppal, K ������������������������������������ 1382*, 1403,
2091, 2938, 2985
Urban, A ������������������������������������������������� 1288*
Urbano, M R ������������������������������������������� 2093
Urbisch, D ����������������������������������������������� 2733
Uresti-Rivera, E E ���������������������������������� 1515
Ursu, O ����������������������������������������������������� 2942
Usese, A I ����������������������������������� 1890*, 2851
Uski, O ����������������������������������������������������� 2443
Ussery, E �������������������������������������������������� 2867
Ussery, E J ��������������������������������������������� 2865*
Usuki, F ���������������������������������������� 1134*, 1135
Utterbeck, K ������������������������������������������� 2601
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Vaara, M ��������������������������������������������������� 1820
Vaara, T ����������������������������������������������������� 1820
Vaidya, V ������������������������������������ 1825, 2311*
Vaidya, V S ������������ 1639, 1824, 1826, 3197
Vaillancourt, C ��������������������������������������� 1507
Valcke, M ����������������������������������������������� 2032*
Valdez, J M ���������������������������������������������� 1745
Valdiglesias, V ���������������������������������������� 1540
Vale, A ��������������������������������������� 1567*, 1568*
Valen, H ���������������������������������������������������� 2147
Valentin, J P ������������������������������������������ 1722*
Valentin, J-P ������������������� 1703, 2006, 2925
Valentovic, M ���������������������������� 1814, 1821*
Valentovic, M A ������������������������������������� 1810
Valera, I ���������������������������������������������������� 2980
Vallant, M K ��������������������������������������������� 2913
van Achterberg, T �������������������������������� 1697
van Acker, F ��������������������������������� 1514, 2417
van Asperen, J ��������������������������������������� 2692
Van Beneden, R J ���������������������������������� 2626
van Beuningen, R ��������������������� 1500, 1636
Van Bortle, K ������������������������������������������� 1459
van Breda, S �������������������������������������������� 1264
van Breeman, R ������������������������������������� 2075
van Breemen, R B �������������������������������� 2599
van de Brug, F J ������������������������������������� 1394
Van de Mieroop, E �������������������������������� 1302
van den Berg, M ������������������������������������ 1634
van den Brand, A ���������������������������������� 1634
van den Broek, P H ����������������������������� 2487
Van den Dobbelsteen, D ������������������� 1697
Vanden Heuvel, J P ������� 1241, 1272, 1276
van der Heijden, O W ������������������������ 2487
van der Horst, E ������������������������������������ 1987
van der Lugt, T ������������������������������������ 2571*
VanderMolen, K �������������������� 1262*, 3105*
van der Molen, R G ����������������������������� 2487
van der Toorn, M ���������������������������������� 1921
van der Water, B ���������������������������������� 1549*
Van der Woude, H ������������������������������ 1697*
van der Zande, M ������������������������������� 3145*
van de Waart, E J ���������������������������������� 2195
van de Water, B ������������� 1161, 1375, 2506,
2541b*, 3009, 3115*, 3162, 3199
Van de Water, J A ��������������������������������� 2990
van Dorsselaer, A ��������������������������������� 2026
van Drongelen, J ��������������������������������� 2487
van Duursen, M ���������������������������������� 1634*
VanDyke, M �������������������������������� 1283, 1284
van Gompel, P ��������������������������������������� 1538

van Gool, A J ����������������������������������������� 2007
Van Heerden, M ������������������������������������ 1698
van Helvoirt, A P ����������������������������������� 2195
van Huygevoort, T ������������������������������� 1712
van Keulen, D ��������������������������������������� 2007
van Kleef, G ��������������������������������������������� 1415
Van Landingham, C ����������������������������� 2166
Vanle, B ���������������������������������������������������� 1122
Van Ness, K ������������������������������������������� 1816*
Vannier, J-P ��������������������������������������������� 1266
VanNoy, B N �������������������������������������������� 1224
van Ravenzwaay, B ����������������������������� 1208,
1225*, 1328, 1495, 1663, 2385, 2656,
2660, 2690, 2733, 2781, 2910, 3222
Van Rompay, A R ��������������������� 1766*, 1767
van Sas, P ������������������������������������������������� 1712
Vanscheeuwijck, P ������������������� 1859, 3196
van Someren, E P ��������������������������������� 1394
Vantangoli, M M ����������������������������������� 3217
van Vlaardingen, P ������������������������������ 2173
Van vleet, T ��������������������������������������������� 1245
Van Vleet, T R ����������������������������������������� 2551
van Wijk, H �������������������������������������������� 2692*
van Wijngaarden, E ��������������������������� 2094,
2095, 2096, 2097
Van Winkle, L ����������������������������� 1477, 2397
Vardy, A ���������������������������������������������������� 1259
Varela, A �������������������������� 1001*, 1716, 1717
Varghese, A �������������������������������� 2815, 2817
Varghese, C ��������������������������������������������� 1761
Varma, G ������������������������������������ 1351, 2223*
Varner, K ������������������������������������������������� 1948
Varonka, M ���������������������������������������������� 2420
Varsho, B ������������� 1873*, 2748, 2761, 2957
Varticovski, L ������������������������������������������ 1511
Vashisht, A ���������������������������������������������� 1177
Vasquez, K M ����������������������������������������� 2258
Vaughan, R ��������������������������������������������� 2193
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1905, 1923, 1924, 1932, 1948, 2004,
2006, 2007, 2008, 2014, 2016, 2081,
2142, 2144, 2226, 2327, 2331, 2332,
2435, 2438, 2472, 2601, 2685, 2707,
2924, 3028, 3030, 3031, 3032, 3033,
3037, 3038, 3039, 3040, 3041, 3042,
3044, 3045, 3046, 3047, 3048, 3049,
3050, 3051, 3052, 3053, 3055, 3056,
3057, 3058, 3059, 3189, 3215, 3223
Cardiovascular Toxicology ���������������� 2329
Car Exhaust �������������������������������������������� 1294
Carfentanil ��������������������������������������������� 2384
Carfentrazone-Ethyl ��������������������������� 2907
CAR/PXR �������������������������������������������������� 1271
CAR T-Cell ����������������������������������������������� 1689
CAS 2564-83-2 �������������������������������������� 1955

CBD ����������������������������������������������������������� 2986
CCl4 ���������������������������������������������������������� 2528
CD163 ������������������������������������������������������ 1059
CD40L ������������������������������������������������������ 1692
C. elegans ������������������������� 1131, 1425, 2107
C. elegans, Bisphenol A,
Bisphenol S ����������������������������������������� 1191
Cell Communication ��������������� 1097, 1238,
1740, 2188, 2401, 3210
Cell Culture �������� 1133, 1187, 1192, 1239,
1265, 1268, 1269, 1335, 1336, 1414,
1420, 1449, 1453, 1463, 1472, 1479,
1502, 1505, 1506, 1509, 1523, 1538,
1638, 1655, 1659, 1673, 1675, 1676,
1762, 1772, 1814, 1822, 1923, 1926,
1935, 1953, 2092, 2094, 2104, 2127,
2129, 2193, 2199, 2416, 2557, 2571,
2661, 2726, 2782, 2787, 2789, 2844,
2855, 2990, 3142, 3143, 3144, 3145,
3149, 3156, 3204, 3206, 3216, 3217
Cell Cycle ������������������������������������������������ 2021
Cell Differentiation ������������������������������ 2716
Cell Lines, Transfected ����������� 1510, 1677,
1917, 2858, 3156
Cell Proliferation ���������� 1052, 1068, 1070,
1072, 1079, 1082, 1085, 1259, 1271,
1441, 1641, 1772, 1792, 1801, 1936,
2021, 2082, 2192, 2393, 2416, 2573,
2670, 2764, 2946, 2967, 3156
Cell Transformation Assay
Bhas-42 ������������������������������������������������ 3151
Cellular Resilience ������������������������������� 1748
Cellular Uptake; In Vitro Dosimetry;
Nanomaterials ����������������������������������� 2281
Cellulose Nanocrystals ���������������������� 1327
Ceramide ������������������������������������������������ 2982
Cerebrospinal Fluid,
Intrathecal ������������������������������������������� 1709
Cerium Oxide Nanoparticles ����������� 3187
CH12 ��������������������������������������������������������� 2552
Chaperones ������������������������������������������� 1087
Checkpoint Inhibitor �������������������������� 1693
Chelating Agent ����������������������������������� 1806
Chemical and Biological
Weapons ���������������������� 1624, 1625, 1628,
1630, 1631, 1648, 1735, 1775, 2039,
2040, 2041, 2042, 2044, 2045, 2046,
2047, 2049, 2050, 2051, 2052, 2053,
2054, 2055, 2056, 2057, 2058, 2059,
2060, 2061, 2062, 2063, 2064, 2065,
2066, 2067, 2068, 2070, 2071, 2072,
2073, 2074, 2075, 2677, 2884
Chemical Allergy ���������� 1873, 1973, 2188,
2733, 2748, 2749, 2750, 2814, 2915,
2953, 2955, 2956, 2957, 2959, 2964
Chemical Induced Long-Term
Potentiation ��������������������������������������� 1732
Chemical Warfare Agents ������ 2205, 2207
Chemokines ������������������� 1970, 2990, 2999
Chemokine, Signalling ����������� 1517, 1954
Chemoresistance ��������������������������������� 1340
Chemotherapy ������������������������������������� 2252
Chicken Egg Genotoxicity
Assay (CEGA) �������������������������������������� 2764
Children ��������������������������������������� 2476, 2566
Children’s Health ���������� 1128, 1287, 1294,
1353, 1795, 1879, 2229, 2230, 3219
Chimeric Mice with
HumanizedLiver ������������������������������������������������������� 2684
China EpiSkin ���������������������������������������� 2740
CHIR99021 ��������������������������������������������� 2766
Chlorambucil ���������������������������������������� 1629
Chlorine ��������������������������������������� 1627, 2825
Chloropyrifos &
Chloropyrifos-Oxon ������������������������� 2670
Chlorpyrifos ������� 1162, 1236, 1844, 1845,
2643, 2653, 2662, 2668, 2884
Cholera Toxin ���������������������������������������� 2607
Cholesterogenesis,
Phospholipidosis ������������������������������ 3029
Choroid Plexus ������������������������������������� 1751
CHPG �������������������������������������������������������� 1761
Chromate VI Compounds ����������������� 2115
Chromium ����������������������� 2108, 2113, 2838
Chromium (VI) ��������������������������� 2110, 2852
Cigarette Smoke ����������������������� 1918, 2970
Ciguatoxin ���������������������������������������������� 1731
Ci-huAEC Airway Epithelial Cells ���� 2771

Cinnamaldehyde ��������������������������������� 1915
Circadian Rhythm, DNA Damage
Responsive and Repair ������������������� 1091
Cisplatin �������������������������� 1804, 1821, 2129,
2129, 2542
Citrulline ������������������������������������������������� 1997
Clastogen ������������ 1531, 2246, 2248, 2263
Claudin Isoform Expression ������������� 2557
Claviceps ������������������������������������������������� 2574
Cleaning Products ������������������������������� 1854
Clinical Toxicology ������� 1230, 1867, 2544,
2545, 2581, 2597
Clofarabine �������������������������������������������� 1697
Clofibrate ������������������������������������������������ 2513
CMX001 ��������������������������������������������������� 1687
Cnestis Ferruginea ������������������������������ 1183
Coal Fly Ash �������������������������������� 2451, 2453
Cobalt ������������������������������������������� 2118, 2142
Cocaine ���������������������������� 1753, 1990, 2004
Cocaine; Hemodynamic and
Electrophysiological Effe ��������������� 2004
Coenzyme A ������������������������������������������ 1594
Co-Exposure, Irritant, Sensitizer, Risk
Assesment ������������������������������������������ 2956
Colitis ������������������������������������������������������� 2976
Collaborative Cross ����������������������������� 2683
Colloidal Silica, Fumed Silica,
Ceria and Alumina ��������������������������� 2864
Colon Epithelial Cells ������������������������� 1951
Comet Assay ������� 2253, 2254, 2255, 2259
Community �������������������������������������������� 1795
Compartment Model ������������������������� 1898
Complex Chemical Mixtures ����������� 2857
Complex Mixtures ������������������������������� 2844
Computational Toxicology �������������� 1058,
1117, 1124, 1178, 1225, 1235, 1245,
1247, 1249, 1251, 1255, 1256, 1257,
1258, 1309, 1370, 1379, 1380, 1381,
1382, 1384, 1385, 1386, 1387, 1388,
1389, 1390, 1391, 1392, 1393, 1394,
1395, 1412, 1500, 1827, 1901, 1902,
1950, 2244, 2281, 2435, 2475, 2772,
2779, 2791, 2796, 2810, 2907, 2908,
2909, 2911, 2913, 2914, 2918, 2919,
2921, 2922, 2923, 2925, 2926, 2927,
2929, 2930, 2931, 2932, 2933, 2934,
2935, 2937, 2939, 2941, 2942, 2943,
2944, 2945, 2947, 2948, 2949, 2963,
3160, 3163, 3168, 3170, 3177
CON4EI ���������������������������������������������������� 1766
Concentrated Ambient
Particulate Matter ���������������������������� 2460
Connectivity Mapping ����������������������� 3195
Consumer Products ��������������������������� 2162,
2163, 2164, 2165, 2822
Contact Allergy ������������������������������������ 2953
Contractility ������������������������������������������� 1660
Copper Oxide ���������������������������������������� 1514
Cosmetics ����������������������������������������������� 2278
Cosmetic Talc ���������������������������������������� 1290
Coumarin Chemotype ����������������������� 1768
Coumestrol �������������������������������������������� 2077
C-Reactive Protein, SPARCL,
Troponin I �������������������������������������������� 2019
CRISPR-Cas9 ���������������������������������������� 3201g
Cromolyn Sodium ������������������������������� 1801
Cross-Contaminants ��������������������������� 1832
Crotonaldehyde ����������������������������������� 2419
Crude Oil Vapor ������������������������������������ 2380
Crystalline Silica ����������������������������������� 1972
Cumulative Risk Assessment ����������� 2827
Curcumin Analogue ��������������������������� 1071
Cutaneous or Skin Toxicity ��� 1526, 1674,
1713, 1873, 2070, 2153b, 2191, 2193,
2197, 2200, 2201, 2203, 2205, 2207,
2208, 2677, 2733, 2736, 2737, 2738,
2748, 2892, 2952, 2957
CX1-7 ������������������������������������������������������� 1654
Cyanide Antidote ��������������������������������� 2052
Cyanobacterial Blooms ��������������������� 2859
Cyanobacterium ���������������������������������� 1981
Cyclopamine ����������������������������������������� 3219
Cyclophosphamide ����������������������������� 1056
Cyclosporine A ������������������������������������� 2975
Cyclosporine A;
Benzbromarone �������������������������������� 2693
Cyfluthrin (Insecticide
Pyrethroid) ������������������������������������������ 2878

Cylindrospermopsin ���������������� 2567, 2586
Cynomolgus Monkey ������������������������� 2696
CYP2E1, PPARalpha ����������������������������� 1476
Cyproconazole �������������������������������������� 2532
Cystine ����������������������������������������������������� 1947
Cytochrome P450 �������������������� 1066, 1092,
1123, 1155, 1242, 1359, 1456, 1473,
1474, 1475, 1476, 1477, 1478, 1479,
1480, 1481, 1482, 1483, 1484, 1485,
1486, 1751, 1772, 1946, 2235, 2236,
2239, 2240, 2392, 2537, 2579, 2747,
2884, 3005, 3147, 3166, 3210
Cytokine Release Syndrome ������������ 2553
Cytokines ������������ 1299, 1534, 1760, 1919,
1926, 1956, 1957, 1958, 1980, 1985,
2098, 2190, 2235, 2328, 2409, 2410,
2417, 2447, 2528, 2549, 2553, 2706,
2746, 2893, 2952, 2967, 2972, 2990
Cytokine Signaling,
Undergraduate ���������������������������������� 2568
Cytokine, Signalling ��������������������������� 1520,
1652, 1825, 1978, 2718, 3034
Cytotoxicity �������������������������������� 1104, 1120,
1138, 1140, 1147, 1201, 1241, 1270,
1274, 1435, 1436, 1437, 1438, 1440,
1453, 1457, 1519, 1522, 1534, 1542,
1652, 1665, 1666, 1667, 1673, 1751,
1871, 1933, 1951, 1954, 2076, 2077,
2078, 2081, 2083, 2112, 2140, 2148,
2155, 2234, 2285, 2443, 2467, 2557,
2568, 2603, 2726, 2755, 2769, 2936,
3155, 3221
Cytotoxicity, Cytokine ����������������������� 2558
DART �������������������������������������������������������� 1222
Darunavir ������������������������������������������������ 2488
Data Visualization �������������������������������� 1827
DDE ����������������������������������������������������������� 1908
DDTs ��������������������������������������������������������� 2672
DEHP �������������������������������������������������������� 3179
Deiodinase ��������������������������������������������� 1493
Delta9-Tetrahydrocannabinol
(THC) ����������������������������������������������������� 2386
Deltamethrin ����������������������������� 1974, 2659,
2876, 2881, 2882
Dendrimer, Glycolic Acid ������������������ 2208
Dendrobium Nobile Lindl
Alkaloid; Autophagy; Hippo ��������� 1762
Dengue Vaccine ����������������������������������� 1232
Deoxynivalenol ������������������������������������ 2803
Dermal Sensitization ��������������� 2931, 2957
Developmental ������������������������������������ 1928
Developmental/Teratology ������������ 1188,
1209, 1211, 1217, 1222, 1225, 1231,
1232, 1234, 1240, 1307, 1366, 1587,
1815, 2611, 2617, 2630, 2646, 2791,
2794, 2797, 3150, 3159, 3161, 3219
Developmental Toxicity;
Post-Natal ������������������������������������������� 1064,
1145, 1196, 1206, 1232, 1401, 1494,
1645, 1797, 2217, 2220, 2226, 2382,
2635, 2636, 3036, 3175
Developmental Toxicity;
Prenatal ����������������������������������������������� 1194,
1196, 1198, 1205, 1207, 1208, 1222,
1228, 1229, 1232, 1233, 1235, 1237,
1302, 1307, 1346, 1348, 1352, 1353,
1595, 1642, 1783, 1785, 1786, 1787,
1963, 2209, 2212, 2215, 2221, 2222,
2225, 2590, 2638, 3159
Dexrazoxane; Doxorubicin ��������������� 3041
DFP ������������������������������������������������ 2885, 2886
di-(2-ethylhexyl) phthalate �������������� 1204
Diabetes, Insulin ���������������������������������� 1503
Diacetly, Acetyl Propionyl,
Acetoin ������������������������������������������������� 1923
Diaphenylsulfone,
Sulfasalazine, Allopurinol �������������� 2964
Diazepam ����������������������������������������������� 3044
Diazinon �������������������������������������������������� 2649
Dicamba �������������������������������������������������� 2754
Dicarboximide �������������������������������������� 2232
Dichloromethane �������������������������������� 1083
Dichloropropane ��������������������������������� 1113
Diclofenac ���������������������������������������������� 2543
Dicyclanil ������������������������������������������������ 2253
Diesel ������������������������������������������������������� 2378
Diesel Exhaust Particles ��������������������� 2447
Dietary Methionine
Modulation ����������������������������������������� 2581

EGFR, Lung Cancer,
Drug Resistance �������������������������������� 1104
Eggs, GC-MS,
Organochlorine Pesticides ������������ 1904
Electroencephalogram,
Animal Welfare, Husbandry ���������� 3213
Electronic Cigarette Liquids ������������ 1933
Electronic Cigarettes ������������������������� 1281,
1874, 1919, 2135
Electronic Waste, Ototoxicity,
Ghana, Mixtures �������������������������������� 1286
Electron Microscopy ��������������������������� 1711
Elemental Mercury ������������������������������ 2850
E-liquid ���������������������������������������������������� 1862
Embryo ���������������������������������������� 1187, 1195,
1212, 1215, 1216, 1222, 1228, 2090,
2673, 2790, 2796, 2888, 3169
Embryonic Stem Cells ����������������������� 1207,
1236, 1344, 1355, 1442, 2261, 2639
Emissions ������������������������������������������������ 2433
Endocrine; Androgens ����������� 1066, 1182,
1295, 1495, 1509, 1512, 1592, 1636,
1659, 1667, 2124
Endocrine; Estrogens ������������������������ 1066,
1077, 1107, 1112, 1124, 1350, 1383,
1416, 1496, 1918, 2078, 2144, 2475,
2704, 2785, 2788, 2842, 3042
Endocrine; Other ��������������������������������� 1791
Endocrine; Receptor �������������������������� 1111,
1156, 1504, 1511
Endocrine; Thyroid ������ 1174, 1492, 1493,
1494, 1510, 1642, 1643, 2616, 2617,
2618, 2619, 3170, 3171, 3172
Endocrine Disruptors ������������������������ 1106,
1126, 1127, 1186, 1188, 1192, 1193,
1197, 1198, 1203, 1204, 1350, 1365,
1384, 1389, 1416, 1490, 1498, 1500,
1501, 1502, 1503, 1505, 1507, 1592,
1635, 1637, 1638, 1645, 1742, 1778,
1781, 1996, 2036, 2146, 2172, 2173,
2211, 2212, 2213, 2222, 2225, 2229,
2232, 2489, 2616, 2651, 2657, 2675,
2783, 2784, 2842, 2848, 2853, 2857,
2861, 2865, 2908, 2934, 2989, 3051,
3056, 3172, 3176, 3217
Endocrine Toxicology ������������������������ 1197,
1493, 1497, 1499, 1504, 1507, 1508,
1511, 1512, 1632, 1633, 1634, 1637,
1856, 2657, 2697, 2781, 2987, 2988,
3171
Endoplasmic Reticulum Stress;
MAPK Pathway; ��������������������������������� 1435
ENDS �������������������������������������������������������� 2245
ENU ����������������������������������������������������������� 2002
Environmental �������������������������������������� 1116
Environmental Metal Cadmium ����� 2091
Environmental Tobacco
Smoke ���������������������������������������� 1927, 1928
Environmental Toxicology ��������������� 1113,
1119, 1138, 1140, 1153, 1182, 1218,
1305, 1347, 1354, 1357, 1371, 1382,
1387, 1501, 1513, 1777, 1795, 1798,
1948, 1960, 1968, 1979, 1981, 2072,
2106, 2107, 2110, 2114, 2131, 2216,
2224, 2228, 2230, 2333, 2419, 2451,
2456, 2460, 2585, 2593, 2642, 2671,
2821, 2834, 2850, 2852, 2853, 2856,
2859, 2862, 2864, 2868, 2877, 2878,
2882, 2912, 2978, 3201h, 3223
Epidemiology ��������������������������� 1284, 1286,
1287, 1290, 1291, 1293, 1294, 1297,
1300, 1301, 1303, 1308, 1310, 1311,
1489, 1850, 1888, 1893, 1906, 1909,
2093, 2816, 2822, 3179
Epigallocatechin-3-Gallate ��������������� 2564
Epigenetics �������� 1078, 1102, 1172, 1335,
1336, 1337, 1338, 1339, 1340, 1342,
1343, 1344, 1345, 1346, 1347, 1348,
1349, 1351, 1352, 1353, 1354, 1355,
1356, 1357, 1358, 1360, 1405, 1462,
1464, 1741, 1771, 1780, 1788, 1807,
1910, 1992, 2000, 2009, 2029, 2113,
2216, 2218, 2223, 2227, 2386, 2435,
2452, 2623, 2794, 3033, 3035
EpiOcular EIT, ET-50 ���������������������������� 1767
EpiSkin Micronucleus Assay ������������ 2739
Epithelial-Mesenchymal
Transition �������������������������������������������� 2084
Ergot Alkaloids �������������������������� 2574, 2580
ERK ������������������������������������������������������������ 2655
ER Stress ��������������������������������������� 1161, 2876

Estrogen �������������������������������������������������� 1406
Estrogenic Endocrine
Disruptors ������������������������������������������� 1416
Ethanol ����������������� 1240, 1881, 2611, 3003
Ethylene Dichloride ���������������������������� 1835
Ethylene Glycol ������������������������������������� 2821
Ethylene Glycol Monopropyl
Ether ������������������������������������������������������ 1838
Ethyl Methanesulfonate (EMS) ������� 2255
Ethyl Nitrite �������������������������������������������� 2413
Ethyl Tertiary Butyl Ether ������������������ 3183
EU Standard Caging ��������������������������� 3027
Excipients ����������������������������������������������� 2814
Excitotoxicity ����������������������������� 1137, 1139,
1727, 1733
Exosomes ������������������������������������ 1432, 2511
Exposome ���������������������������������������������� 2009
Exposure Assessment ����������������������� 1115,
1141, 1280, 1281, 1309, 1310, 1381,
1449, 1747, 1776, 1877, 1878, 1879,
1880, 1881, 1883, 1884, 1885, 1886,
1888, 1890, 1891, 1892, 1893, 1894,
1897, 1900, 1901, 1907, 1909, 1916,
1925, 2022, 2038, 2123, 2135, 2136,
2137, 2138, 2145, 2156, 2164, 2165,
2187, 2231, 2271, 2282, 2378, 2408,
2443, 2449, 2455, 2487, 2489, 2567,
2575, 2681, 2741, 2770, 2808, 2823,
2829, 2832, 2833, 2841, 2851, 2860,
2918, 3175, 3178, 3179, 3184, 3186,
3196
Exposure, Environmental ���������������� 1059,
1063, 1077, 1102, 1114, 1121, 1128,
1196, 1242, 1279, 1285, 1292, 1293,
1295, 1304, 1307, 1350, 1354, 1365,
1397, 1398, 1427, 1434, 1446, 1498,
1632, 1646, 1731, 1747, 1763, 1779,
1789, 1796, 1866, 1887, 1892, 1899,
1907, 1908, 1910, 1921, 1927, 1928,
1977, 1980, 1994, 1995, 2091, 2093,
2113, 2114, 2115, 2132, 2162, 2167,
2229, 2434, 2437, 2438, 2445, 2446,
2449, 2452, 2453, 2454, 2458, 2460,
2461, 2462, 2463, 2478, 2524, 2570,
2658, 2679, 2808, 2823, 2831, 2852,
2856, 2886, 2908, 2909, 2938, 2968,
3037, 3173, 3194, 3196
Extractables and Leachables,
Medical Device ���������������������������������� 2145
Eye Irritation ������������������������������������������ 1766
Eye Irritation, Short Time
Exposure, STE ������������������������������������� 2755
Eye Irritation, SkinEthic HCE, Validation,
TG 492 �������������������������������������������������� 3165
Fadrozole ������������������������������������������������ 2828
Farm Dust, Particulate
Matter, Children �������������������������������� 1979
Farnesoid X Receptor �������������� 1764, 2983
Fatty Liver Disease;
Pnpla3; FGF21 ������������������������������������ 2523
Fc Receptor, Humanized Mice �������� 2550
FDA Drug Label ������������������������������������ 1491
Fenamiphos ������������������������������������������� 2663
Fenbutatin Oxide ��������������������������������� 2389
Fertility ���������������������������������������� 1183, 1193,
1596, 1646, 2036, 2124, 2671, 2687
FFPE ���������������������������������������������������������� 1369
FFPE Whole Transcriptome �������������� 3207
Fiber Toxicology ����������������������������������� 1291
Fibroblast Growth Factors ���������������� 2031
Fibrosis ����������������������������� 2415, 2540, 2712
Fibrosis, Inflammation ����������������������� 2713
FICZ ���������������������������������������������������������� 2965
Fine Particulate Matter ���������������������� 2442
Fish Early Life Stage ���������������������������� 2854
Fish Tissues �������������������������������������������� 1890
Fish, Tropical Ecosystems ������������������ 2857
Flame Retardants ���������� 1411, 2628, 2630
Flavin Monooxygenase ��������������������� 2037
Flavonoid ������������������������������������������������ 2800
Flow Cytometry ������������������������������������ 3221
Fluorescent Detection ����������������������� 2073
Fluoride ��������������������������������������������������� 2081
Fluorine ��������������������������������������������������� 1597
Food Additives ������������������������������������� 1329
Food Allergy ������������������� 1756, 2158, 2681
Food Impact ������������������������������������������ 2024

Food Safety/Nutrition ������������ 1055, 1169,
1175, 1647, 1680, 1718, 1833, 1850,
1870, 1994b, 2086, 2556, 2557, 2558,
2559, 2560, 2562, 2565, 2566, 2567,
2568, 2569, 2570, 2571, 2574, 2575,
2576, 2577, 2578, 2580, 2581, 2582,
2583, 2584, 2585, 2586, 2587, 2589,
2599, 2651, 2661, 2694, 2707, 2831,
2851, 2853, 2870, 3013, 3143
Forensic, Aerobic Microbes,
Carcass, Sus scr ���������������������������������� 1794
Formaldehyde �������������������������������������� 2166
Formaldehyde Donor ������������������������� 1884
Formulation ������������������������������������������� 2658
Formulations ����������������������������������������� 3222
Fracking Sand Dust ����������������������������� 1980
Fragrance ������������������������������������������������ 2765
Fragrance Materials ���������������������������� 2200
Fructooligosaccharide ����������������������� 2099
Fumarate ������������������������������������������������ 1177
Fungicide ������������������������������������������������ 1847
Furan �������������������������������������������������������� 2029
Gadolinium �������������������������������������������� 1230
Gamma-Ray ������������������������������������������� 1441
Gastrointestinal ����������������������������������� 1090,
1169, 1329, 1536, 1665, 1789, 1860,
1997, 2054, 2094, 2558, 2568, 2573,
2579, 2694, 2909, 2975, 2977, 3145,
3146, 3148
GC-MS ������������������������������������������������������ 1903
Gefitinib, Leptomycin B ��������������������� 1104
Gene Expression/Regulation ���������� 1091,
1108, 1134, 1148, 1154, 1160, 1164,
1168, 1171, 1172, 1174, 1185, 1242,
1245, 1264, 1272, 1331, 1336, 1339,
1360, 1372, 1416, 1442, 1447, 1459,
1461, 1485, 1662, 1668, 1702, 1760,
1784, 1876, 1968, 1969, 2121, 2235,
2264, 2398, 2407, 2462, 2503, 2533,
2546, 2564, 2653, 2676, 2711, 2764,
2802, 2922, 2969, 2998, 3029, 3036,
3041, 3050, 3192, 3201e, 3207, 3212
Gene Therapy; Fetal Restricted ������� 1185
Genetic Polymorphisms �������� 1060, 1168,
1488, 1490, 2683
Genetic Toxicology ����������������������������� 1055,
1091, 1314, 1335, 1368, 1527, 1528,
1587, 2002, 2247, 2247, 2253, 2254,
2257, 2260, 2263, 2265, 2266, 2267,
2269, 2271, 2273, 2277, 2838, 2943
Genistein ������������������������������������� 1193, 2988
Genomics ���������������������������������������������� 1069,
1166, 1306, 1342, 1369, 1829, 1830,
1950, 2128, 2170, 2215, 2462, 2503,
2758, 3201g, 3201h, 3205
Genotoxicity ����������������������������������������� 1055,
1056, 1285, 1314, 1329, 1472, 1531,
1532, 1540, 1790, 1910, 1954, 1955,
2020, 2083, 2112, 2169, 2243, 2244,
2245, 2246, 2248, 2249, 2250, 2255,
2259, 2261, 2262, 2263, 2268, 2270,
2271, 2272, 2274, 2275, 2276, 2278,
2279, 2583, 2739, 2765, 2844, 2900
Gentamicin �������������������������������������������� 2033
Germ Cell ������������������������������������������������ 1498
GGF2 �������������������������������������������������������� 2518
Ghrelin ����������������������������������������������������� 2687
Glia ����������������������������������������������������������� 1149,
1406, 1724, 1761, 2611, 2614, 2637
Gliflozins ������������������������������������������������� 1813
GLP ������������������������������������������������� 1311, 1720
GLP-1 �������������������������������������������������������� 1167
Glucosinolate ���������������������������������������� 2538
Glucuronidation ���������������������������������� 2237,
2529, 3185, 3224
Glutamate Transporters �������������������� 1406
Glutathione ������� 1227, 1323, 1672, 1742,
1818, 1942, 1943, 1947, 2133, 2147,
2402, 2640, 3169, 3211
Glutathione S-Transferase ���������������� 2097
Glutathione Transferase Zeta 1 ������� 1227
Glycotoxins �������������������������������������������� 2578
GOAT �������������������������������������������������������� 1685
Gold ���������������������������������������������������������� 1515
Goldenseal ��������������������������������������������� 2603
Gold Nanoparticles ����������������������������� 2281
Graphene ������������������������������������������������ 2727
Grewia Carpinifolia ����������������������������� 1152
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Dietary Supplements ������������������������� 2431
Diethylene Glycol �������������������������������� 1822
Diethylene Glycol
Dibenzoate ����������������������������������������� 1841
Diethylnitrosamine ������������������ 1050, 2263
Differential Display and
Signal Transduction ������������������������� 1100
Diffusion ������������������������������������������������� 2156
Diindolylmethane ������������������������������� 1095
Diisocyanates ���������������������������������������� 2193
Diisopropyl Fluorophosphate ��������� 2055
Diisopropylfluorophosphate ���������� 1624,
2042, 2063
DILI ������������������������������������������������������������ 2768
DILI, Liver ������������������������������������������������ 2507
Dimethadione �������������������������������������� 1231
Dimethylamine (DMA) ����������������������� 1837
Dimethylaminoethanol ��������������������� 1228
Dimethylnitrosamine ������������������������� 2411
Dimethyl Sulfide ���������������������������������� 1836
DINP ��������������������������������������������������������� 2833
Dioxin ������ 1173, 1179, 1194, 1195, 1210,
1277, 1298, 1299, 1439, 1448, 1634,
1815, 1962, 1964, 1968, 1969, 2211,
2211, 2472, 2474, 2496, 2527, 2633,
2835, 2866, 2949, 2965, 3008, 3147
Dioxins ������������������������������������������ 1297, 2037
Dioxin, Tretinoin ����������������������������������� 3149
Disinfection By-Products ������� 1807, 2036
Disposition ��������� 1127, 1226, 1721, 1903,
2194, 2283, 2480, 2485, 2490, 2659,
2891, 3035, 3225
Dithiocarbamate ����������������������� 2650, 2868
DNA Adducts ���������������������������� 1343, 1925,
2231, 2260
DNA Damage ����������������������������� 2020, 2478
DNA Damage; Caspase 2 ������������������ 2079
DNA Methylation ���������������������� 1910, 2229
DNA-PK Inhibitor ��������������������������������� 2260
DNA Repair �������������������������������� 1239, 1340,
2249, 2250, 2252, 2258, 2264, 2274
Docosahexaenoic Acid ���������������������� 2896
DOHaD ����������������������������� 2210, 2220, 2230
Dopamine ���������������������������������������������� 1397
Dopaminergic Toxicity ����������������������� 1420
Dopamine Toxicity ������������������������������ 1423
Dose-Response ����������������������������������� 1056,
1194, 1230, 1303, 1449, 1510, 1643,
1671, 1734, 1827, 1828, 1829, 1830,
1835, 1836, 1837, 1842, 1850, 1913,
1971, 2158, 2285, 2434, 2444, 2602,
2665, 2703, 2788, 2856, 2879, 2902,
2918, 2920, 2933, 2951
Dosimetry ����������� 2080, 2285, 2894, 2901,
3155, 3181, 3201
Doxorubicin �������� 1340, 2016, 2683, 2767
Doxorubicin
Cyclophosphamide ������������������������� 1750
DPRA. ADRA ������������������������������������������ 2750
Drinking Water �������������� 1841, 1855, 2187
Druds ������������������������������������������������������� 3209
Drug Allergy, Animal Model ������������ 2964
Drug Delivery ���������������������������������������� 1648
Drug Discovery ������������������������������������� 3208
Drug-Drug Interaction ����������������������� 1450
Drug Hepatotoxicity ��������������������������� 2500
Drug Induced Liver Injury, DILI ������ 1249,
1250, 1649, 2501
Drug Induced Liver Toxicity ������������� 2486
Drug Target �������������������������������������������� 1394
Dynamic Light Scattering,
Size Distribution ������������������������������� 2904
Echinacea ����������������������������������������������� 2592
E-Cigarette ��������������������������������� 1757, 1868,
1915, 1920, 1922
Ecotoxicology ����������������1367, 1384, 1782,
2114, 2128, 2184, 2251, 2783, 2805,
2828, 2845, 2846, 2847, 2850, 2854,
2855, 2859, 2864
Edku Lake, Sediment and
Toxicity Assessment ������������������������ 2672
Education Outreach ��������������� 1283, 1747,
1861, 2177, 3014, 3015, 3016, 3017,
3018, 3019, 3020, 3021, 3022, 3023,
3024, 3025, 3026, 3027
EEG ������������������������������������������������� 1625, 1707
Efferocytosis ������������������������������������������ 2535
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Growth Development;
Neurodevelopment ������������������������� 1996
GSTM1 ����������������������������������������������������� 1060
Gulf War Illness ������������������������������������� 1725
Gut Microbiome ������������������������ 1799, 2094
Gynecologic Cancers �������������������������� 1106
Hair Dyes ������������������������������������������������ 2959
Halogenated Hydrocarbon ������������� 1113,
1180, 1224, 1393, 2216, 2464, 3028
Hazardous Air Pollutants ������������������ 2826
h-CLAT ����������������������������������������������������� 2748
Heat Stress, Occupational
Health ��������������������������������������������������� 1900
Heat Stress, Ventilation ���������������������� 2408
Heavy Metal �������������������������������� 1149, 1974
Heavy Metals ������������������ 1890, 2585, 2851
Hebei Spirit Oil Spill ���������������������������� 1910
Hematopoietic ������������������������������������ 1170,
1179, 1443, 1447, 2551, 3035
Hematotoxicity ������������������������������������ 1319,
1441, 1443, 1535, 1700, 1701, 1779,
1790, 2161, 2592
Hemoglobinuria ���������������������������������� 1838
Hemorrhage ������������������������������������������ 2980
Hepatic ���������������������������������������� 1051, 1244,
1248, 1258, 1260, 1323, 1339, 1435,
1650, 1651, 1800, 1801, 1905, 2024,
2224, 2486, 2503, 2506, 2510, 2527,
2532, 2534, 2541, 2543, 2763, 2766
Hepatocytes ������ 1118, 1241, 1263, 1264,
1265, 1266, 1267, 1268, 1270, 1271,
1273, 1274, 1275, 1438, 1456, 1463,
1479, 1480, 1951, 2237, 2238, 2242,
2511, 2518, 2526, 2535, 2541b, 2603,
2660, 2684, 2762, 2766, 2769, 2843,
2949, 3198, 3201c, 3210, 3220, 3224
Hepatotoxicity ��������������������������� 1274, 2589
Hepatotoxicity; Hepatocarcinogenicity;
microRNAs ������������������������������������������ 2516
Hepatotoxicity; Reactive
Metabolites; GSH ������������������������������ 1275
hERG ��������������������������������������������������������� 2914
Hershberger In Vivo
Screening Assay �������������������������������� 1592
Heterocyclic Amines ���������������� 1105, 1420
Heterocyclic Aromatic Amines ������� 2806
Hexavalent Chromium ��������������������� 1308,
1498, 1840, 1942, 1976, 2111, 2112
HIF1, prok2 ��������������������������������������������� 1402
High-Throughput
Screening ��������������������������������� 1759, 2474
Histone Deacetylases ������������������������� 1405
Histone Methylation ��������������������������� 1347
Histone Modification, Nucleosome
Assembly, Aldehyde ������������������������ 1343
Histopathology ����������������������������������� 1189,
1229, 1277, 1434, 1711, 1734, 1860,
1995, 2048, 2071, 2103, 2249, 2385,
2504, 2556, 2678, 2753, 2964, 2996,
3028, 3225
Historical Control Comparison ������� 1719
HK-2 Cells; ROS ������������������������������������� 1473
HMGB1 ���������������������������������������������������� 2410
Homeostasis ������������������������������������������ 1404
Host Resistance ������������������������������������ 2430
House Dust Mite ���������������������������������� 2887
Human Androgen Receptor ������������ 2657
Human Arylamine
N-Acetyltransferase 1 ���������������������� 1488
Human B Cells ��������������������������������������� 1967
Human Breast Tissue �������������������������� 1496
Human Enterocytes,
Intestinal Drug Metabolism ���������� 2579
Humanised �������������������������������������������� 2946
Human on a Chip ���������������������� 3157, 3209
Human Pluripotent Stem Cells ������� 2766
Human Relevance ������������������������������� 2412
Humans ��������������������������������������������������� 1057
Human Tissue ��������������������������������������� 1662
Hyaluronic Acid ������������������������������������ 1266
Hydrogen Sulfide ��������������������� 2050, 2074
Hydronephrosis ����������������������������������� 1815
Hydroxylated PCBs ������������������������������ 2475
Hypertension ���������������������������������������� 1297
Hypertension-Related Diseases ����� 2601
Hypobaria, Hyperoxia ������������������������ 1737
Hypoxia ��������������������������������������������������� 3190

Hypoxia, Hepatoprotection ������������� 2519
IBD ������������������������������������������������������������ 2975
IL-18 ���������������������������������������������������������� 2746
Imidacloprid ������������������������������������������ 2651
Immunity ������������������������������������������������ 1975
Immunotoxicity ����������� 1179, 1318, 1320,
1525, 1692, 1694, 1908, 1918, 1956,
1957, 1958, 1959, 1960, 1968, 1971,
1976, 1977, 1981, 1986, 1987, 1989,
1990, 1991, 1992, 1994, 2010, 2088,
2217, 2386, 2393, 2403, 2409, 2430,
2553, 2578, 2708, 2735, 2744, 2899,
2951, 2963, 2966, 2967, 2980, 2984,
2991, 2999, 3000, 3001, 3004
Immunotoxicology ����������������� 1330, 1341,
1443, 1670, 1694, 1756, 1961, 1962,
1963, 1964, 1965, 1966, 1967, 1970,
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1680, 1731, 1762, 1821, 1831, 1860,
1889, 2115, 2141, 2537, 2555, 2565,
2569, 2570, 2579, 2582, 2588, 2590,
2591, 2592, 2593, 2594, 2595, 2597,
2598, 2600, 2601, 2603, 2604, 2605,
2606, 2607, 2608, 2609, 2610, 2701,
2741, 2800, 2929, 2988, 3143, 3154,
3166
Nefazodone ������������������������������������������� 1435
Nematode ���������������������������������������������� 2805
Neonicotinoids ������������������������������������� 1507
Nephrotoxicity ��������������������������� 1817, 1820
Nephrotoxicity, DNA Methylation,
Histones ����������������������������������������������� 1807
Nerve Agent ������������������������������������������ 2053
Nervous System ����������� 1149, 1151, 1156,
1351, 1397, 1413, 1414, 1428, 1707,
1724, 1730, 1743, 1755, 1762, 2635,
2725, 2789
N-Ethyl-N-Nitrosourea ����������������������� 2002
Network and Pathway Analysis ������ 2938
Neurocognitive ������������������������������������ 1282
Neurodegeneration ���������������������������� 1428
Neurodegenerative Disease ������������ 1416
Neurogenesis ���������������������������������������� 2048
Neuromuscular Junction ������������������ 2060
Neurotoxicity; Developmental ������ 1210,
1220, 1221, 1236, 1399, 1411, 1412,
1644, 1927, 2210, 2217, 2223, 2456,
2466, 2612, 2613, 2614, 2615, 2617,
2618, 2619, 2620, 2621, 2622, 2624,
2625, 2626, 2627, 2628, 2629, 2632,
2633, 2636, 2637, 2639, 2640, 2641,
2642, 2643, 2646, 2647, 2792, 2793,
2800, 2860, 2880, 2883
Neurotoxicity; Metals ������������� 1122, 1131,
1132, 1133, 1136, 1139, 1141, 1142,
1143, 1144, 1146, 1147, 1148, 1149,
1150, 1152, 1153, 1396, 1397, 1398,
1399, 1400, 1402, 1403, 1405, 1406,
1407, 1408, 1419, 1431, 1432, 1434,
1743, 1764b, 2095, 2096, 2097, 2209,
2223, 2621, 2622, 2623, 2626

Neurotoxicity; Pesticides ����������������� 1122,
1419, 1427, 1748, 2005, 2045, 2049,
2051, 2056, 2062, 2648, 2650, 2653,
2846, 2872, 2873, 2874, 2876, 2877,
2879, 2882, 2885, 2886
Neurotoxicology ���������� 1132, 1135, 1136,
1137, 1141, 1142, 1143, 1145, 1150,
1151, 1162, 1240, 1282, 1294, 1391,
1407, 1409, 1410, 1413, 1415, 1417,
1418, 1419, 1420, 1421, 1422, 1423,
1424, 1425, 1429, 1432, 1433, 1706,
1708, 1709, 1726, 1727, 1728, 1729,
1730, 1732, 1733, 1735, 1736, 1738,
1739, 1740, 1741, 1744, 1745, 1746,
1752, 1754, 1757, 1758, 1759, 1760,
1761, 1797, 1928, 2041, 2042, 2043,
2047, 2050, 2053, 2055, 2059, 2060,
2062, 2063, 2064, 2065, 2074, 2215,
2219, 2445, 2446, 2459, 2611, 2612,
2613, 2631, 2632, 2634, 2638, 2642,
2644, 2645, 2646, 2668, 2801, 2872,
2873, 2875, 2878, 2881, 2903, 2906,
2991, 3204, 3213, 3215, 3218, 3226
Neurotransmitter ��������� 1156, 1746, 1753,
1759, 2059
Neurovascular ��������������������������������������� 1210
Neutron Activation Analysis ������������ 2132
Neutrophil ���������������������������������������������� 2985
Nevirapine ���������������������������������������������� 2234
New Psychoactive
Substances (NPS) ������������������������������ 1415
Nfe2l1 ������������������������������������������������������ 1941
NFkappaB ����������������������������������������������� 1968
NF-kB; JNK ���������������������������������������������� 2506
NGS, Sequencing, Mouse ����������������� 1164
NHANES �������������������������������������������������� 1106
Nickel �������������������� 1357, 2120, 2138, 2898
Nickel Cobalt ����������������������������������������� 2813
Nickel, Nitinol ���������������������������������������� 2137
Nicotine ��������������������������� 1281, 1757, 2638
Nitinol ������������������������������������������������������ 2138
Nitroaromatics ������������������������������������ 3201h
Nitrogen Mustard ��������� 2068, 2189, 2677
Nitrosomethylurea,
Methylselenocysteine �������������������� 1091
NMJ Models ������������������������������������������� 1726
NMOC ������������������������������������������������������ 2836
NOAEL Development ������������������������� 1854
Non-Alcoholic Fatty Liver Disease � 2512
Non-Alcoholic Steatohepatatis ������ 2514
Non-B DNA �������������������������������������������� 2258
Non-Coding RNA ��������������������������������� 1070
Non-Genotoxic ������������������������������������ 1072,
1092, 1794, 1858, 2278, 2516, 2809,
2946, 3183
Non Human Primates ������������������������� 1715
Non-Mammalian Species ���������������� 1159,
1220, 1347, 1348, 2210, 2456, 2577,
2591, 2625, 2628, 2675, 2790, 2791,
2797, 2802, 2804, 2855, 2867
Nose ������������������� 2442b, 1918, 1920, 2428
Notch ������������������������������������������������������� 2069
NR4A1 ������������������������������������������������������ 1095
NR4A1/ TGFβ ����������������������������������������� 1054
Nrf2 ������������ 1462, 1939, 1956, 1957, 1958
NSAIDs ����������������������������������������������������� 2237
Ntcp ���������������������������������������������������������� 2499
Nuclear Hypertrophy ������������������������� 2677
Obesity ����� 1633, 2212, 2222, 2640, 2661
Obesogen ����������������������������������������������� 1506
Occupational Exposure ���������� 2177, 2286
Occupational Health ��������������� 2193, 2725
Occupational Toxicology ������������������ 2196
Octadiene ����������������������������������������������� 1056
Ocular Draize Test, SkinEthic
HCE, Eye Irritation ���������������������������� 2759
Ocular Toxicity �������������� 1153, 1630, 1662,
1765, 1766, 1767, 1768, 1770, 1771,
1773, 1774, 1775, 2751, 2753, 2756,
2757, 2759, 2760, 2761, 3165, 3222
Off-Target Toxicity ������������������������������� 2552
Oil �������������������������������������������������������������� 2380
Olaquindox �������������������������������������������� 1473
Oleic Acid ����������������������������������������������� 2429
Oligonucleotide,
Antisense, Monkey �������������������������� 3007
Oncogene ����������� 1054, 1101, 2264, 2669
o,p’-DDT �������������������������������������������������� 2666
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MeHg ������������������������������������������������������� 2104
MEHP ������������������������������������������������������� 2493
Membrane Biology ����������������������������� 2010
Membrane Transporter ��������������������� 1134
Men Infertility ��������������������������������������� 2124
Mercuric Sulfide ����������������������������������� 2102
Mercury ���������������� 1132, 1994, 2032, 2103
Mesenchymal Stem Cell ������������������� 1452,
1454, 3150
Mesothelioma ��������������������������������������� 1912
Metabolic Activation �������������� 1269, 1272,
1476, 1481, 1590, 1594, 2101, 2240,
2426, 2441, 2508, 2691, 2747, 2811
Metabolic Disease ������������������������������ 3201f
Metabolic Disruptor,
Endocrine Disruptor ������������������������ 2517
Metabolism �������� 1064, 1076, 1123, 1155,
1158, 1167, 1243, 1253, 1263, 1266,
1301, 1360, 1403, 1426, 1458, 1462,
1477, 1478, 1506, 1588, 1666, 1675,
1682, 1778, 1784, 1793, 1813, 1943,
1945, 2085, 2108, 2130, 2202, 2234,
2236, 2239, 2421, 2441, 2482, 2484,
2524, 2770, 2795, 2932, 2938, 2993,
3029, 3040, 3153, 3180, 3220
Metabolome ������������������� 1663, 1799, 2403
Metabolomics ��������������� 1058, 1197, 1236,
1426, 1630, 1663, 1728, 1738, 1799,
2017, 2129, 2233, 2514, 2566, 2660,
2690, 2869, 2985, 3201f
Metabonomics �������������� 1426, 2572, 3038
Metallomics ������������������������������������������� 2130
Metallothionein ����������������������������������� 2023
Metal Oxide
Nanoparticles ������������������������� 1330, 2864
Metals ������������������������������������������ 1084, 1100,
1102, 1121, 1130, 1132, 1135, 1143,
1145, 1148, 1151, 1198, 1286, 1293,
1301, 1302, 1304, 1308, 1317, 1334,
1356, 1357, 1358, 1398, 1401, 1402,
1404, 1405, 1406, 1408, 1431, 1432,
1433, 1446, 1536, 1585, 1586, 1587,
1640, 1641, 1728, 1776, 1777, 1778,
1779, 1780, 1781, 1782, 1783, 1784,
1785, 1786, 1787, 1788, 1791, 1792,
1793, 1794, 1795, 1796, 1797, 1798,
1799, 1800, 1823, 1840, 1848, 1890,
1891, 1942, 1973, 1975, 1994, 2032,
2082, 2083, 2084, 2086, 2087, 2089,
2090, 2091, 2092, 2093, 2094, 2095,
2096, 2097, 2098, 2099, 2100, 2101,
2102, 2103, 2104, 2105, 2106, 2107,
2108, 2109, 2110, 2111, 2113, 2117,
2118, 2119, 2120, 2121, 2122, 2123,
2125, 2126, 2127, 2128, 2129, 2130,
2131, 2132, 2133, 2134, 2135, 2136,
2137, 2138, 2143, 2167, 2191, 2201,
2227, 2228, 2332, 2333, 2395, 2478,
2492, 2576, 2585, 2620, 2626, 2786,
2813, 2831, 2835, 2847, 2899, 2991,
2992, 3020, 3024, 3216
Metals, Organics, Sensitizers ����������� 2951
Metalworking Fluid ������������������ 2206, 2399
Metformin ���������������������������������������������� 2865
Metformin Methylglyoxal ����������������� 2544
Methapyrilene �������������������������������������� 1336
Methionine ��������������������������������� 2038, 2581
Methods/Mechanism ������������� 1098, 1199,
1318, 1332, 1349, 1458, 1484, 1707,
1710, 1716, 1826, 1862, 1889, 1889,
1921, 2014, 2494, 2510, 2546, 2681,
2816, 2819, 3162, 3212
Methotrexate, Zinc ������������������������������ 1598
Methylglyoxal ��������������������������������������� 2561
Methylmercury ������������� 1131, 1133, 1134,
1135, 1141, 1142, 1144, 2094, 2095,
2096, 2097, 2098, 2099, 2100, 2101,
2623, 2624
MGMT ������������������������������������������������������ 1168
Mice ���������������������������������������������������������� 1717
Microarray ���������� 1084, 1586, 1689, 1803,
2025, 2120, 2220, 3003, 3041, 3195
Microbiome ������� 1169, 1220, 1243, 1663,
2054, 2569, 2625, 2910, 2982, 2993
Microbiome, LPS, Staphylococcal
Enterotoxin B, ������������������������������������ 2403
Microcirculation ������������������������ 2332, 3037
Microcystin �������� 1889, 1951, 2843, 2913,
3154
Microcystins ������������������������������� 2586, 2859
Microelectrode Array ������������������������� 1411
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Ophthalmology ������������������������������������ 1714
OPIDN ������������������������������������������������������ 2886
Opoid ������������������������������������������������������� 2384
Opportunistic Disease;
Immunosuppression ����������������������� 3001
Optineurin, Parkinson’s Disease ����� 1421
Optineurin, Parkinson’s Disease,
Rotenone ��������������������������������������������� 2875
Organochlorine Pesticides ��������������� 2669
Organ-on-Chip �������������������������� 1588, 3145
Organophosphate ������������������������������� 2628
Organophosphate Flame
Retardant �������������������������������������������� 2794
Organophosphates ����������������� 1411, 1624,
1625, 1626, 1628, 1725, 1844, 1845,
1903, 2005, 2039, 2039, 2040, 2041,
2043, 2044, 2045, 2046, 2047, 2048,
2049, 2051, 2053, 2055, 2056, 2057,
2058, 2061, 2063, 2072, 2213, 2641,
2662, 2663, 2668, 2670, 2883, 2884,
2885, 2886, 3054, 3055, 3188
Ortho-Phenylphenol �������������������������� 2206
Osteoclast ���������������������������������������������� 2117
Osteopontin ������������������������������������������ 2718
Otolith ����������������������������������������������������� 2090
Ototoxicity ��������������������������������������������� 3194
Ovarian Cancer ������������������������������������� 2678
Ovary �������� 1181, 1203, 1288, 1498, 1508
Ovulation ������������������������������������������������ 1508
Ox66 ��������������������������������������������������������� 2199
Oxidative damage;
Apoptosis; Fibrosis ��������������������������� 1319
Oxidative Injury ������������ 1076, 1088, 1147,
1212, 1214, 1285, 1418, 1439, 1475,
1525, 1543, 1629, 1664, 1737, 1739,
1745, 1757, 1818, 1913, 1936, 1937,
1938, 1939, 1945, 1980, 2147, 2392,
2396, 2402, 2409, 2410, 2442, 2450,
2497, 2510, 2522, 2540, 2543, 2717,
2722, 2756, 2799, 2825, 2971, 3048
Oxidative Stress ����������������������������������� 1067,
1916, 1949, 2109, 3009
Oxygen ����������������������������� 1486, 1946, 2382
Ozone ������ 1057, 1058, 1060, 1061, 1062,
1064, 1065, 2402, 2407, 2428, 2434,
2436, 2437, 2824, 2825, 2997
Ozone, Smog ����������������������������������������� 2430
p53 ������������� 1086, 1528, 2536, 2799, 3040
PAMAM Dendrimers ��������������������������� 1535
Panax Ginseng �������������������������������������� 2591
Pancreas �������������������������������������� 1216, 1503,
1781, 1945, 2013, 2469
Paraben ��������������������������������������������������� 1077
Paraoxonase ������������������������������������������ 1800
Paraquat ��������������������������������������� 1419, 2873
Parathion ������������������������������������������������ 2058
Parkinson’s Model ������������������������������� 1730
Parkinson’s Disease ���������������������������� 1426,
1427, 1434, 2872, 2874
Partial Body Irradiation ���������������������� 2031
Particle ����������������������������������������������������� 2387
Particulate Matter �������������������������������� 2456
Particulates �������������������� 1880, 1979, 2125,
2328, 2330, 2381, 2400, 2401, 2420,
2425, 2433, 2439, 2443, 2444, 2447,
2448, 2450, 2453, 2455, 2457, 2459,
2463, 2637, 2719, 2898, 3059
Patulin ������������������������������������������������������ 2573
Pb �������������������������������������������������������������� 1795
PBDE, PCBs, Pesticide, Metals ���������� 1905
PBDEs ������������������������������������������������������� 2229
PBPK ���������������������������������������������� 1843, 3176
PBPK Model ������������������������������������������� 1682
PBTK ��������������������������������������������������������� 2781
PCB ����������������������������������������������������������� 1644
PCB126 ����������������������������������������� 2219, 2517
PCB153 ���������������������������������������������������� 1213
PCBs ����������������������� 1114, 2230, 2475, 2478
PEG ����������������������������������������������������������� 1711
Peptides, Nerve Agents,
Paraoxon ���������������������������������������������� 1626
Perchlorate ��������������������������������������������� 2827
Percutaneous Absorption ��������������� 1865,
1881, 2194, 2196, 2197, 2202, 2206,
2493, 2807
Perfluoroalkyl (PFHxS) ����������������������� 2618

Perfluoronated Agents ���������� 1215, 1221,
1292, 1390, 1849, 1959, 1960, 2466,
2467, 2468, 2469, 2471, 2498, 2515,
2534, 2615, 2618, 2839, 2923
Perfluoro-n-Decanoic Acid �������������� 1959
Perfluorononanoic Acid �������������������� 2515
Perfluorooctane
Sulfonate (PFOS) �������������������� 2466, 2534
perfluorooctanoic Acid ���������� 3173, 3174
Permethrin ���������������������������������� 2655, 2661
Peroxiredoxin ���������������������������������������� 1940
Peroxisome Proliferators ������������������� 1070
Persistent Organic Chemicals �������� 1297,
1352, 1417, 1632, 1904, 1906, 1908,
2037, 2224, 2230, 2464, 2465, 2470,
2476, 2491, 2672, 2934, 3051
Personal Care Products ��������������������� 2855
Pesticides ����������������������������������������������� 1094,
1279, 1296, 1311, 1377, 1395, 1495,
1505, 1507, 1635, 1735, 1748, 1843,
1844, 1845, 1846, 1847, 1895, 1896,
1899, 1989, 2039, 2042, 2046, 2058,
2182, 2206, 2238, 2251, 2377, 2379,
2389, 2412, 2505, 2532, 2616, 2643,
2648, 2649, 2649, 2650, 2651, 2652,
2653, 2654, 2655, 2656, 2657, 2658,
2659, 2660, 2661, 2662, 2663, 2664,
2665, 2666, 2667, 2668, 2669, 2670,
2671, 2672, 2697, 2745, 2754, 2807,
2846, 2858, 2868, 2869, 2872, 2873,
2877, 2878, 2879, 2880, 2881, 2882,
2883, 2907, 3055, 3222
Pesticides, Breast Cancer,
Oncogenic and Apoptotic ������������ 2669
PFASs �������������������������������������������������������� 1390
PFNA �������������������������������������������������������� 2498
PFOA ��������������������������������� 1221, 1292, 2839
PFOS ���������������������������������� 1215, 1352, 2471
PGE2, Inflammation,
Mycotoxin ������������������������������������������� 2573
P-Glycoprotein ������������������������������������� 1744
PG/VG ������������������������������������������������������ 1919
Pharmaceuticals ���������������������� 1067, 1088,
1104, 1157, 1205, 1206, 1226, 1593,
1598, 1650, 1654, 1655, 1658, 1661,
1678, 1682, 1685, 1687, 1690, 1693,
1696, 1698, 1699, 1700, 1701, 1704,
1705, 1706, 1708, 1720, 1721, 1749,
1750, 1752, 1758, 1768, 1769, 1773,
1812, 1813, 1832, 1834, 1935, 1983,
1985, 2075, 2199, 2274, 2384, 2488,
2500, 2507, 2508, 2509, 2543, 2545,
2551, 2678, 2683, 2768, 2805, 2814,
2841, 2849, 2856, 2865, 2868, 2916,
2929, 2931, 2960, 2964, 2979, 3002,
3032, 3053, 3202, 3208, 3215
Pharmacokinetics �������������������� 1377, 1452,
1678, 1681, 2206, 2480, 2484, 2485,
2487, 2489, 2490, 2492, 2493, 2700,
3168, 3181, 3185, 3202
Phase II Metabolism �������������������������� 1227,
1489, 1497, 1594, 2097, 2241, 2242,
2529, 3176, 3211
Phenobarbital ���������������������������� 1497, 2946
Phenol ����������������������������������������������������� 2022
Phenolic Benzotriazoles �������������������� 1242
Phenyl Mercuric Acetate ������������������� 2107
PhIP ����������������������������������������������������������� 1423
PHMG ������������������������������������������������������� 1287
Phospholipase D, Mast Cells,
Degranulaton ������������������������������������ 1983
Phospholipidosis ���������������������� 2085, 2891
Phospholipids ��������������������������������������� 2010
Photosensitivity ����������������������������������� 1674
Phototoxicity ���������������������������������������� 1526,
1674, 1712, 1713, 2200
Phthalate Mixture �������������������������������� 1203
Phthalates ��������������������������������������������� 1126,
1201, 1202, 1203, 1204, 1349, 1595,
1646, 1856, 1892, 1904, 2144, 2162,
2162, 2163, 2163, 2164, 2165, 2222,
2620, 2795, 2833, 2848, 3056, 3178
Phthalic Anhydride ����������������������������� 1909
Physiologically-Based
Pharmacokinetics ����������������� 1227, 1809,
1849, 1901, 2280, 2488, 3171, 3176,
3178, 3180, 3182, 3183, 3184, 3185,
3186, 3187, 3188
Phytotoxicity ����������������������������������������� 2850
PI3K delta ����������������������������������������������� 1593

Picoxystrobin ���������������������������������������� 2239
Picrotoxin ����������������������������������������������� 3226
Piperonyl Butoxide ����������������������������� 1259
PK11195 �������������������������������������������������� 1158
PKCδ, LaminB1 ������������������������������������� 2872
Placenta ��������������������������������������� 1186, 1187
Placenta, Drug Transporters,
Endocannabinoids ��������������������������� 1237
Placental Transfer ��������������������� 2487, 2488
Plant Extract ������������������������������������������ 2597
Platelet, Monkey, Antisense,
Oligonucleotide �������������������������������� 3012
Platycodin D ������������������������������� 2609, 2610
PLD4 ��������������������������������������������������������� 1825
Plethysmography �������������������������������� 2388
Pneumocyte ������������������� 1322, 2383, 2444
Polyalphaolefin ������������������������������������ 1857
Polybrominated Biphenyl ����������������� 1355
Polybrominated
Diphenyl Ethers ��������������������� 1906, 1996
Polychlorinated Biphenyls �������������� 1106,
1114, 1118, 1155, 1213, 1298, 1299,
1371, 1503, 1644, 1904, 2219, 2473,
2476, 2477, 2477, 2478, 2479, 2517,
2523, 2629, 2631, 2632, 2634, 2634,
2672, 3057
Polycyclic Aromatic
Hydrocarbons ����������������������������������� 1090,
1100, 1116, 1123, 1176, 1184, 1211,
1224, 1309, 1472, 1481, 1482, 1883,
1963, 1971, 2231, 2240, 2272, 2380,
2392, 2397, 2424, 2426, 2447, 2458,
2674, 2773, 2773, 2779, 2834, 2863,
2866, 3005, 3182, 3201b
Polyhexamethylene Guanidine ������ 1287
Polymer ��������������������������������������������������� 1858
Polymyxin ����������������������������������������������� 1820
Population Variability ������������������������� 3223
Porphyromonas Gingivalis ��������������� 2974
Post-Translational Histone
Modifications ������������������������������������� 1351
Potassium Channel, hERG
Inhibitors, Modeling, SDAR ����������� 2924
Potassium Dicchromate ��������� 2109, 2115
PPARα ������������������������������������������������������� 2515
P-Phenylenediamine �������������������������� 2959
Predictive Toxicology ������������������������ 1053,
1246, 1247, 1248, 1250, 1251, 1252,
1265, 1273, 1370, 1373, 1375, 1378,
1379, 1383, 1387, 1392, 1444, 1457,
1506, 1529, 1589, 1660, 1710, 1804,
1817, 1853, 1865, 1869, 1899, 1902,
2028, 2141, 2153b, 2171, 2181, 2182,
2185, 2261, 2272, 2282, 2501, 2542,
2667, 2734, 2735, 2745, 2746, 2762,
2785, 2911, 2914, 2915, 2916, 2917,
2921, 2938, 2944, 2945, 2951, 3157,
3160, 3166, 3197, 3198, 3199
Pregnenolone ��������������������������������������� 1159
Preservative ������������������������������������������� 1884
Primary Bivalve Cell, BPA ������������������ 2848
Primary Molluscan Cell
Culture, RTG2 ������������������������������������� 2849
Prioritization ������������������������������������������ 3163
Probit ������������������������������������������������������� 2920
Propanil ��������������������������������������������������� 2667
Propiverine �������������������������������������������� 1811
Proposition 65 �������������������������������������� 2833
Propylene Glycol ����������������������� 1874, 2814
Propylene Glycol Acetals ������������������ 1917
Propylthiouracil ������������������������� 1494, 2619
Prostate Cancer ������������������������� 1300, 2578
Protein Aggregation ��������������������������� 1984
Protein Allergy ��������������������������� 2958, 2961
Protein Binding Capacity ������������������ 2467
Protein Corona Human
Hepatocytes ��������������������������������������� 1537
Protein Diet �������������������������������������������� 1718
Protein Disulfide Isomerase ������������� 2607
Protein Safety ���������������������������������������� 2562
Protein Structure ���������� 1512, 2021, 2552
Proteome ������������������������������������������������ 1689
Proteomics ��������� 1264, 1343, 1358, 1732,
1739, 1787, 1826, 1934, 2001, 2013,
2016, 2026, 2552, 3201c
Provisional Advisory
Levels (PALs) ��������������������������������������� 1837
Proximal Tubule ����������������������������������� 1822

PTSD ��������������������������������������������������������� 2984
PTU ����������������������������������������������������������� 2619
Public Health ������������������������������ 1283, 2167
Puerarin ��������������������������������������������������� 2600
Pulmonary Bioassay ��������������������������� 2400
Pyrethroid ����������� 1505, 1895, 1896, 2879
Pyrethroids �������������������������������������������� 2665
Pyridazine Analogues ������������������������ 3032
Pyriproxyfen, Permethrin ����������������� 2648
Pyroxasulfone ��������������������������������������� 1072
Pyrrolizidine Alkaloids ���������������������� 1074,
1075, 1076
QSAR ������������������������������������������������������� 1256,
1378, 1380, 1389, 1391, 2475, 2809,
2912, 2921, 2924, 2925, 2927, 2930,
2931, 2932, 2940, 2945, 2947
QT �������������������������������������������������������������� 1705
QTL, Genetic Variation,
Metabolomics ������������������������������������ 2116
QT Prolongation, Ion Channel,
CIPA, Cardiovascular ������������������������ 3046
Quantification ��������������������������������������� 1887
Quantum Dot; Hydroxyl
Radical �������������������������������������������������� 1332
Quantum Dots �������������������������������������� 2887
Quinolizidine Alkaloid ����������������������� 1183
Quinone �������������������������������������������������� 2396
Rabbit ������������������������������������������������������ 3039
Radiation ������������������������������������� 2383, 2698
Rat, Blood Sampling ��������������������������� 2692
Rats ����������������������������������������������������������� 2027
Rats, Sub-Acute, Exposure,
Haematology, Serum ���������������������� 2597
Rauwolfia ������������������������������������������������ 3143
Reactive Intermediate ����������� 1261, 1275,
1653, 2237, 2500, 2508
Reactive Oxygen Species ������������������ 1742
Read-Across �������������������� 1393, 1869, 2927
Realgar ���������������������������������������������������� 2082
Receptor ������������������������������������������������ 1070,
1144, 1155, 1158, 1162, 1163, 1243,
1373, 1520, 1668, 2453, 2468, 3201e
Receptor; Aryl Hydrocarbon ����������� 1154,
1165, 1169, 1170, 1171, 1172, 1173,
1174, 1176, 1276, 1447, 1448, 1478,
1950, 2474, 2523, 2627, 2965, 3167
Receptor; G-Protein Coupled ��������� 1167,
1744
Receptor; Nuclear Hormone ����������� 1052,
1086, 1087, 1095, 1099, 1159, 1163,
1259, 1272, 1276, 1500, 1636, 1764,
2680
Reconstructed Human Airways ������ 2780
Reconstructed Human Corena-Like
Epithelium Model ���������������������������� 1765
Recycled Rubber ���������������������������������� 2837
Red Mercuric Sulfide �������������������������� 2103
Redox ������������������������������������������������������� 1947
Redox Potential ������������������������������������ 2705
Reduce Fat ��������������������������������������������� 2564
Reference Dose ������������������������������������ 1842
Regulatory Networks ������������������������� 1178
Regulatory/Policy �������� 1209, 1278, 1281,
1303, 1311, 1388, 1674, 1697, 1833,
1835, 1836, 1837, 1845, 1848, 1851,
1852, 1861, 1862, 1867, 1868, 1874,
2118, 2145, 2162, 2163, 2164, 2165,
2166, 2168, 2170, 2171, 2172, 2173,
2174, 2175, 2176, 2178, 2179, 2180,
2181, 2183, 2184, 2185, 2187, 2377,
2379, 2563, 2584, 2737, 2810, 2821,
2833, 3155, 3174
Renal �������������������������������� 1641, 1801, 1803,
1806, 1808, 1810, 1812, 1821, 1822,
1823, 2035, 2119, 2542, 2699
Reproductive and Developmental
Toxicology ������������������������������� 1121, 1184,
1186, 1188, 1189, 1191, 1199, 1219,
1223, 1228, 1231, 1237, 1338, 1345,
1346, 1395, 1501, 1591, 1695, 2211,
2214, 2227, 2228, 2487, 2488, 2490,
2561, 2673, 2690, 2792, 2793, 2797,
2928, 3024, 3029
Reproductive System ������������������������ 1126,
1190, 1192, 1201, 1205, 1206, 1295,
1306, 1594, 1596, 2599, 3013
Reproductive Tract; Female ������������ 1127,
1202, 1204, 1508, 1634

Selenium ������������������������������������������������ 3201f
SEND �������������������������������������������������������� 2180
Senescence �������������������������������������������� 2650
Sepsis ������������������������������������������������������� 3003
Sexual Differentiation ������������������������ 1592
Signal Toxicity ������������������������������������� 3201d
Signal Transduction ��������������������������� 1071,
1111, 1133, 1160, 1161, 1176, 1177,
1240, 1372, 1502, 1633, 1729, 1941,
1944, 1983, 2084, 2541b, 2617, 2885
Silica ���������������������������������������������� 2378, 2381
Siloxane ��������������������������������������������������� 2809
Silver Nanoparticle ����� 1513, 1529, 2154,
2284, 2902, 2905
Single Cell RNA Sequencing ������������ 2539
SiRNA �������������������������������� 1161, 1704, 1825
Skeletal Muscle ������������������������������������� 2598
Skin ����������������������������������������������������������� 2998
Skin, Acne, Toxicology, Topical �������� 2198
Skin Cancer �������������������������������������������� 1788
Skin Decontamination ����������������������� 2072
Skin, Dermal ������������������������������������������ 2951
Skin Irritation ���������������������������������������� 2152
Skin Irritation, Pesticides,
US EPA Labeling �������������������������������� 2745
Skin Penetration ���������������������������������� 2208
Skin Sensitization �������� 2195, 2204, 2735,
2738, 2746, 2840
Skin Sensitization;
In Vitro Models ����������������������������������� 2743
Skin Wound Healing ��������������������������� 2071
Small-Molecule Kinase
Inhibitors ���������������������������������� 1244, 1274
Smog ��������������������������������������������� 2430, 2432
SN-38 ������������������������������������������������������� 2485
SNPs ���������������������������������������������� 1166, 1490,
1491, 1764b, 1966, 2808
Sodium Arsenite ����������������������� 1790, 1978
Sofosbuvir ���������������������������������������������� 1450
Soil ������������������������������������������������������������ 1848
Solvents ��������������������������������������� 2196, 2640
Soman ����������������������������������������� 1736, 2045,
2047, 2049, 2054
Sparstolonin B �������������������������������������� 2537
Speciation, Hazard Quotient ����������� 2134
Specificity Protein, Rhabdomyosarcoma,
ROS �������������������������������������������������������� 1085
Sperm ������������������������������������������ 1183, 1184,
1355, 2216, 2265, 2594
Spermatogenesis ��������������������������������� 1355
Spheroid ������������������������������������������������� 3204
Sports Nutrition ����������������������������������� 1679
Spray Products and Processes �������� 1880
Status Epilepticus �������������������������������� 2047
Steatosis �������������������������������������������������� 1277
Steatosis, Alerts, Hepatotoxicity,
Chemotypes ��������������������������������������� 1251
Stratum Corneum Binding ��������������� 2207
Stress �������������������������������������������������������� 1753
Stunting �������������������������������������������������� 1798
Styrene ���������������������������������������������������� 1092
Subchronic Toxicity ����������������������������� 1852
Substituted Phenoxyalkyl
Pyridinium Oxime ���������������������������� 2040
Sulfane Sulfur ���������������������������������������� 2073
Sulfation ��������������������������� 1530, 2234, 2241
Sulfolane ������������������������������������������������� 2483
Sulforaphane ����������������������������������������� 2410
Sulfur Mustard ��������������� 2069, 2070, 2071
Surface Charge ������������������������������������� 1544
SVOCs ������������������������������������������������������ 1892
Symmetric Dimethylarginine ���������� 2027
Synapsin I; MAPK-ERK1/2 ������������������ 2789
Synthetic Oil ������������������������������������������ 1857
Systematic Review ������� 1308, 2820, 2821
Systems and Integrative
Toxicology ������� 1218, 1234, 1341, 1364,
1382, 1394, 1439, 1586, 1631, 1649,
1722, 1726, 1824, 2257, 2527, 3008,
3172, 3191, 3192, 3200, 3201b, 3201d,
3201e, 3201f, 3201h
Systems Biology ����������������������� 1117, 1178,
1211, 1257, 1258, 1366, 1367, 1370,
1459, 1461, 1496, 1541, 1927, 1950,
2054, 2091, 2472, 2630, 2688, 2779,
2806, 2817, 2910, 3009, 3149, 3169,
3196, 3197, 3202

Tacrolimus ���������������������������������������������� 2487
TAK-875 (Fasiglifam) ��������������������������� 1258
Talc ������������������������������������������������� 1885, 1886
Tartrazine Toxicity �������������������������������� 2556
Taurine ������������������������������������������ 2612, 2613
TBBPA �������������������������������� 1197, 1502, 2465
tBHQ ��������������������������������������������������������� 1958
TCA and DCA ����������������������������������������� 1894
TCDD �������� 1171, 1173, 1174, 1277, 1439,
1965, 1966, 1967, 1969, 2496, 3008
TCDD, Dioxin ����������������������������������������� 1172
TCE ������������������������������������������������������������ 1894
T Cell ��������������������������������������������������������� 1989
T Cell Response ������������������������������������ 3167
T Cells, Regulatory T Cells ����������������� 1978
TDAR �������������������������������������������������������� 1986
TDCIPP ����������������������������������������������������� 2794
Telomere, Anniston ����������������������������� 2477
Temperature ������������������������������������������ 1347
Tempol ���������������������������������������������������� 1167
Tenofovir ������������������������������������������������� 1814
Testes ������������������������������������������������������� 1598
Testis ��������� 1317, 1509, 1593, 1597, 2687
Testosterone ������������������������������������������ 2197
Testosterone Boosting ����������������������� 1679
Tetrabromobisphenol A �������� 1197, 2464,
2490
Tetrachloroethylene ��������������������������� 2512
Tetraculture ������������������������������������������� 1538
Tetramethylenedisulfotetramine
����������������������������������������������������� 1735, 2062
TETS ���������������������������������������������������������� 2062
Text Analytics ���������������������������������������� 2815
Text-Mining Tools �������������������������������� 1499
Thalidomide ������������������������������������������ 1209
THC ������������������������������������������������ 1993, 2986
Thermal Runaway �������������������������������� 2829
Thioacetamide; TAA ���������������������������� 2516
Thiocyanate ������������������������������������������� 1643
Threshold of Toxicological
Concern ������������������������ 1831, 2157, 2584
Thrombocytopenia ����������������������������� 3035
Thrombosis �������������������������������������������� 1535
Thyroid ���������������������������������������������������� 1499
Thyroperoxidase (TPO) ���������������������� 3170
Time-Resolved Fluorescence ���������� 1530
Tin Dioxide ��������������������������������������������� 1522
TiO2NPs ��������������������������������������������������� 1528
Titanium Dioxide ��������������������������������� 2332
Titanium Dioxide Nanoparticles ���� 2900
TMAO ������������������������������������������������������� 2037
TMPD ������������������������������������������������������� 2980
TNBC, Nanomicelles,
Xenograft Model ������������������������������ 1071
Tobacco ���������������������������� 1307, 1461, 1861
Tolcapone ����������������������������������������������� 1246
Toluene Diisocyanate ������������������������� 1909
Toothpaste ��������������������������������������������� 1877
Tox21 ��������������������������������������������� 1256, 1506
ToxCast ����������������������������������������� 1409, 1510
Toxicity; Acute ������������������������������������� 1279,
1533, 1691, 1698, 1700, 1701, 1713,
1758, 1766, 1806, 1857, 1875, 1930,
1938, 2004, 2038, 2122, 2148, 2150,
2176, 2182, 2245, 2378, 2404, 2522,
2531, 2538, 2554, 2555, 2558, 2597,
2695, 2714, 2736, 2758, 2843, 2850,
2888, 2913, 2920, 2933, 2935, 3011,
3032, 3146, 3148
Toxicity; Chronic ��������������������������������� 1146,
1246, 1263, 1332, 1381, 1518, 1521,
1544, 1693, 1714, 1719, 1808, 1853,
1863, 1870, 1883, 2078, 2107, 2387,
2399, 2560, 2581, 2594, 2689, 2696,
2744, 2987, 3013, 3045, 3157
Toxicogenomics ����������� 1080, 1131, 1208,
1213, 1245, 1316, 1344, 1359, 1374,
1425, 1459, 1462, 1529, 1585, 1591,
2020, 2098, 2120, 2219, 2501, 2518,
2541b, 2546, 2624, 2806, 2913, 2916,
2944, 3192, 3193, 3195, 3201d, 3205
Toxicokinetics ��������������� 1233, 1392, 1477,
1588, 1682, 1712, 1721, 1773, 1798,
1811, 1894, 1895, 1896, 1900, 2095,
2198, 2205, 2280, 2387, 2473, 2481,
2483, 2491, 2665, 2692, 2781, 2796,
2839, 2897, 2927, 3006, 3154, 3183

Toxicological Threshold ��������������������� 1834
Toxicology Education ������������������������� 3017
Tracheas Tissue, Cigarette
Smoke Exposure ������������������������������� 1931
Traditional Chinese Medicine ��������� 2929
Trametinib ���������������������������������������������� 3053
Transcription Factors ������������������������� 1070,
1166, 1178, 1214, 1356, 1485, 2949,
3034, 3208
Trans Fats ������������������������������������������������ 1850
Transformation ������������������������������������� 2458
Transgenic Models ����������������������������� 1408,
1422, 1433, 2060, 2256, 2275, 2805
Transgenic Rodent
Mutation Assay ��������������������������������� 2275
Transition Metals ��������������������������������� 1542
Treprostinil ���������������������������������� 1681, 1683
Triamcinolone ��������������������������������������� 2710
Trichloroethylene �������� 1180, 1187, 1219,
1341, 1476, 2679, 2971, 3050
Triclosan ��������������������������� 1220, 1436, 1983
Triclosan and Methylparaben ��������� 2855
Triclosan, Mitochondria �������������������� 1935
Trimethylsilyldiazomethane ������������ 2404
Trimethyl tin ������������������������������� 1728, 1743
Triphenyl Phosphate �������������������������� 2213
Tripterygium Wilfordii
Glycosides ������������������������������������������� 2510
Troglitazone ������������������������������������������ 1149
Tropomyosin ����������������������������������������� 2158
Trovafloxacin ����������������������������������������� 2506
TRP Ion-Channels �������������������������������� 1917
TRPV4 ������������������������������������������������������� 1627
TSCA ��������������������������������������������������������� 2174
TTC ������������������������������������������������������������ 1225
T,T-Muconic Acid ��������������������������������� 1294
Tumor Development �������������������������� 1090
Tumor Suppressor
Gene ������������������������������� 1108, 1177, 2965
Tungsten ������������������������������������������������� 2117
Turkey Egg
Genotoxicity Assay (TEGA) ����������� 2765
Type 2 Diabetes ������������������������������������ 1945
Type 2 Diabetes Mellitus ������������������� 1224
Tyrosine Kinase Inhibitors ���������������� 2914
UCBx ��������������������������������������������������������� 1226
Ultrafine Particles ��������� 2445, 2446, 2635
Ultra Fine Particulates ������������������������ 2449
Ultrasound ��������������������������������������������� 1866
Ultrastructural �������������������������������������� 1323
Uncertainty Quantification �������������� 2937
Undergraduate Student �������� 1060, 1068,
1073, 1079, 1083, 1142, 1213, 1345,
1413, 1430, 1785, 1786, 1933, 1972,
2154, 2548, 2591, 2613, 2674, 2773,
2804, 3014, 3019, 3020, 3025
Upcyte ������������������������������������������ 1268, 1438
Uranium �������������������������������������������������� 2333
Urine Collection ����������������������������������� 1717
Urine Collection;
Cynomolgus Monkey ���������������������� 1716
Usage Patterns ������������������������������������� 1878
Use Simulation ������������������������������������� 1881
Vaccine Development ����������������������� 2695
Valproic Acid ������ 1264, 1405, 2526, 2997
Vanadium ������������������������ 1152, 1153, 1975
Vapor �������������������������������������������������������� 1882
Vascular Reactivity ������������������������������ 2429
Vasopressor Precursor ����������������������� 3034
VetGuard Plus ��������������������������������������� 2648
Vinclozolin ��������������������������������������������� 2232
Vitamin D ������������������������������������������������ 1156
Vitamin D Receptor ����������������������������� 1156
Vitamin E, Tocopherol ������������������������ 2141
Vitrigel ����������������������������������������������������� 1479
Volatile Organic Compounds ��������� 1116,
1219, 1284, 1341, 1881, 1894, 1898,
1900, 1923, 1949, 2395, 2433, 2836,
3194
Vorinostat ����������������������������������������������� 1462
Warfarin �������������������������������������������������� 2242
Weight Management Supplement  1680
Weight of Evidence ����������������������������� 2816
Welding Fumes ������������������������������������� 1840
White Matter ����������������������������������������� 2637
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Reproductive Tract; Male ����������������� 1180,
1189, 1195, 1593, 1595, 1597, 1598,
1645, 2687, 2786, 2812
Research Internship ���������������������������� 3017
Reseveratrol and Rapamycin ����������� 1428
Respiratory ��������� 1280, 1334, 1874, 1926,
2069, 2388, 2402, 2408, 2437, 2554,
2780, 2890
Respiratory Minute Volume ������������� 2388
Respiratory Sensitization ������ 2822, 2887,
2958, 2962, 2963, 2973
Respiratory Toxicology ���������� 1062, 1326,
1330, 1461, 1517, 1683, 1840, 1859,
1882, 1915, 1917, 1922, 1933, 1992,
2329, 2330, 2379, 2380, 2382, 2383,
2389, 2400, 2405, 2405, 2406, 2407,
2424, 2427, 2432, 2448, 2450, 2451,
2664, 2682, 2713, 2716, 2780, 2825,
2826, 2887, 2898, 3191
Restless Legs Syndrome �������������������� 1408
Resveratrol ���������������������������������� 2403, 2976
Retinoic Acid ������������������������������ 1235, 1588
Reverse Causality ��������������������������������� 3179
Rhodococcus B30E ����������������������������� 2663
Rice Bran; Navy Bean Powder ��������� 2566
Ricin ���������������������������������������������������������� 2695
Risk Assessment ����������������������� 1116, 1119,
1129, 1130, 1230, 1255, 1284, 1305,
1647, 1649, 1661, 1696, 1711, 1722,
1827, 1828, 1829, 1830, 1831, 1832,
1833, 1834, 1835, 1838, 1839, 1840,
1841, 1842, 1843, 1844, 1845, 1848,
1849, 1851, 1852, 1853, 1854, 1855,
1856, 1865, 1868, 1874, 1884, 1885,
1891, 1932, 1966, 2024, 2038, 2111,
2118, 2134, 2141, 2149, 2156, 2157,
2158, 2163, 2166, 2174, 2175, 2179,
2187, 2201, 2270, 2273, 2277, 2278,
2412, 2433, 2473, 2476, 2481, 2492,
2545, 2555, 2664, 2667, 2696, 2738,
2739, 2749, 2759, 2767, 2809, 2811,
2812, 2813, 2815, 2816, 2819, 2820,
2821, 2822, 2824, 2825, 2827, 2828,
2829, 2830, 2832, 2834, 2835, 2837,
2838, 2839, 2840, 2842, 2902, 2922,
2948, 2950, 2955, 2961, 3000, 3151,
3162, 3165, 3174, 3177, 3207
Risk Assessment, Digestion,
Estimated Daily Intake �������������������� 2831
RNA-Seq ��������������������������������������� 1585, 2074
RNA Sequencing; Spermatogenesis;
Reproduction ������������������������������������� 1597
ROS ����������������������������������������������������������� 2705
Rotenone ������������������������������������ 1417, 1418,
1421, 1730, 1748, 2874, 3002
RT-PCR ������ 1454, 1480, 1856, 2034, 2867
RT-QuIC ��������������������������������������������������� 1431
RUC-4 �������������������������������������������� 1700, 1701
Rutaecarpine ����������������������������������������� 2604
Ryanodine Receptor ���������������� 1162, 2593
S. aureus �������������������������������������������������� 2233
S1PR1 ������������������������������������������������������� 1668
Safety Evaluation ��������� 1119, 1120, 1248,
1249, 1253, 1287, 1451, 1455, 1589,
1651, 1656, 1657, 1670, 1672, 1676,
1679, 1683, 1685, 1686, 1692, 1699,
1702, 1704, 1707, 1710, 1714, 1717,
1718, 1720, 1722, 1765, 1767, 1768,
1846, 1847, 1858, 1859, 1861, 1862,
1864, 1866, 1867, 1869, 1870, 1871,
1872, 1877, 1878, 1884, 1986, 1998,
2033, 2149, 2171, 2173, 2174, 2175,
2200, 2204, 2253, 2273, 2277, 2481,
2504, 2562, 2575, 2589, 2592, 2648,
2656, 2692, 2694, 2727, 2740, 2752,
2761, 2763, 2768, 2837, 2959, 2975,
3007, 3012, 3052, 3151, 3197, 3208
Safety Pharmacology ������������������������ 1394,
1445, 1450, 1451, 1453, 1656, 1657,
1660, 1669, 1677, 1678, 1684, 1689,
1703, 1705, 1706, 1985, 2004, 2122,
2146, 2149, 2507, 2547, 2683, 2941,
3044, 3045, 3058, 3189, 3209, 3226
Sarin ��������������������������������������������������������� 1625
Scaffold ��������������������������������������������������� 1266
Scaling Factors ������������������������������������� 3181
Sea Turtle, Leatherback ��������������������� 2112
Second Hand Smoke �������������������������� 1929
Seizure ������������������������������ 1735, 2045, 3226
Seizure Liability, Electrophysiology,
Hippocampus ������������������������������������ 2547
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Whole Cigarette Smoke,
Air-Liquid Interface �������������������������� 2775
Whole Embryo Culture ���������������������� 1208
Whole Transcriptome ������������������������� 3212
Wood Pellet ������������������������������������������� 2422
Wood Smoke Particles ����������������������� 2447
Work Environment ������������������������������ 2176
Xenobiotic Receptors ����������������������� S1118
Xenobiotic Transporters �������� 1238, 1741,
1744, 1819, 2486, 2526, 2538, 2541,
2693, 3154
Xenopus �������������������������������������������������� 1174
XRE, NC-XRE, Liver ������������������������������� 1172
Zebrafish ������������������������������������������������ 1213,
1219, 1221, 2056, 2219, 2626, 2641,
2790, 2791, 2800, 2801, 2884, 3201b
Zebrafish, Atherosclerosis ���������������� 3036
Zebrafish
Embryotoxicity Test ������������������������� 1209
Zinc ��������������������������������������������� 1994b, 2395
Zinc Oxide ���������������������������������������������� 1333
Zinc Pyrithione ������������������������������������� 2191
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